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General information

All reagents and solvents were used as received from commercial sources. All experiments
were carried out under argon atmosphere unless otherwise noted. Pre-coated plates (silica gel
60 PF254, 0.25 mm or 0.5 mm) were utilized for thin layer chromatography (TLC). Column
chromatographic purifications were carried out on flash silica-gel (240-400 mesh) using
petroleum ether and ethyl acetate as eluents unless otherwise noted. The *H, **C NMR spectra
were recorded on 200/400/500 MHz, and 50/100/125 MHz NMR spectrometers, respectively
in CDCI3/DMSO-dg/acetone-ds. Chemical shifts were reported as ¢ values from standard
peaks. Melting points recorded are uncorrected. Mass spectra were taken on LC-MS (ESI) or
GCMS spectrometer. High-resolution mass spectrometry (HRMS) was performed on a

TOF/Q-TOF mass spectrometer.
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Title of the Thesis

Abstract: The thesis is mainly based on the development and application of nitrogen directed C-H
activation methodologies in the synthesis of natural products, new scaffolds, and drugs. We have
successfully developed Pd—catalyzed “olefin amidation/C—H activation” protocol for the synthesis of (+)-8-
oxocanadine and (z)-8-oxostylopine protoberberine alkaloids and formal synthesis of the drug
tetrahydropalmatine. Quinazolinone directed C(sp?)-arylation and C(sp®)-acetoxylation protocols have
also been developed for the synthesis of new quinazolinones using Pd-catalysis. Novel Ru—catalyzed
regioselective cascade annulation of acrylamides with 2-alkynoates via aza-Michael/C—H activation
sequence for the synthesis of various 6-0xo nicotinic acid esters has been developed. The regioselectivity is
confirmed by silver mediated protodecarboxylation of the corresponding 6-oxo nicotinic acid to furnish 2-
pyridone. The detection of ruthenacycle intermediate (HRMS) in the reaction mixture and the nonreactivity
of the phenyl and t-butyl substituted 2-alkynoates under the developed protocol suggests a plausible

mechanism and involvement of allene intermediates.

Introduction: Recently, C-H bond functionalization has become a powerful tool for the synthesis of
various scaffolds, natural products, and pharmaceuticals. The concept of C—H functionalization has gained
significant attention from the synthetic community as an ideal method for the formation of carbon—carbon

and carbon—-heteroatom bonds in the synthesis of complex scaffolds.

zZ

o —N  HO'
@[DG Metal Catalyst @EDG“M Functionalization @EDG Q
—_— e -
H M = Metal W o O
N o

Mom
Calothrixin A, Z =0
Calothrixin B, Z = : (+)-Lithospermic Acid

Diclofenac

DG = directing groups cyclic (5 or 6) membered

(anti-inflammatory drug)
FG = functional groups transition state

Scheme 1. Directed C—H Bond Activation Figure 1. Synthesis Known using C—H Bond Activation

It provides direct access and delivers more atom-economical paths in the synthesis of complex structures as
compared to the traditional organic synthesis. Until now, several C—H activation reactions in organic
compounds have been developed using various directing groups. The directing group plays a crucial role in

selective C—H bond activation process since organic molecule contains many hydrogen atoms (Scheme 1).
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Synopsis

A directing group chelates with a metal so that proximal hydrogen could be activated to gain the
selectivity. Directing groups are either mono-dentate or bi-dentate chelating groups. Installation and
removal of such directing groups require two extra steps. Very few examples of inherent or intrinsic
directing groups are known where substrate itself acts as a directing group. Undeniably, numerous
publications on the C—H activation topic have been reported in the literature and the development of new
catalytic processes continues to evolve at a rapid pace, but their successful applications to the synthesis of
complex natural products or pharmaceuticals are still rare. This brief introduction demonstrates history and
development of C-H activation and few examples of the natural product and drug synthesis, where C-H
activation step is used as a key-step for constructing the core of natural products or drugs (Figure 1). We
believe that developing newer C—H activation methods for total synthesis of molecules would lead to the

development of useful reactions for organic chemists.

Chapter 1. Pd(ll)-Catalyzed Tandem “Olefin Amidation/C—H Activation" Protocol for the
Synthesis of Protoberberine Class of Natural Products and Drug

In the first chapter, we describe a unique intramolecular Pd-catalyzed tandem oxidative olefin
amidation/C—H activation (carboamidation) protocol for the synthesis of a protoberberine class of natural
products. They are a subdivision of natural products containing isoquinoline skeleton. Protoberberines are
secondary metabolites having significant biological activities because of their ability to bind or insert in
DNA. Isolated from a wide range of plants, all members of the protoberberine class feature a 5,8,13,13a-
tetrahydro-6H-isoquinolino[3,2-a]-isoquinoline moiety, typically functionalized with hydroxy, methoxy, or
methylenedioxy substituents (Figure 2). Canadine, stylopine, etc are some of the important protoberberine
natural products and tetrahydropalmatine is an anxiolytic and sedative drug found in the Chinese herb Yan
Hu Suo.

OMe R
® N
MeO. N O
R? =
) 0
J w

Berberine o—/ R 4R OCH.0
1+ Ry =+~ 20-=
many natural products Tetrahydropseudocoptisine Rt HN_ _O Pd(OAc); (10 mol%)
with this skeleton Rj = Ry = OMe = (S)-(-)Xylopinine | Cu(OAc),*H,0 (1 equiv)

NaOAc (3 equiv)
R,  DMSO:H,0 (10:1)
O, balloon

R4

(*)-8-Oxocanadine

Direct access to protoberberine (+)-8-Oxotetrahydropalmitine
class of natural products and drugs, (+)-8-Oxostylopine

Ry + Ry = -OCH,0- = Ry + Ry =-0CH,0- = . i i
Canadine Stylopine o Scheme 2. Synthesis of Protoberberine Alkaloids
Ry =Rp=0Me= R1 =Ry = OMe = Sinactine using Carboamidation Protocol

Tetrahydropalmitine

Figure 2. Selected Natural Products and Drugs
Containing Protoberberine Core
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Protoberberine alkaloids exhibit antifungal, antibacterial, anti-inflammatory, antimalarial, antidiabetic, and
anticancer activities. A novel Pd(ll)-catalyzed approach for the synthesis of a protoberberine core is
developed and successfully applied for the synthesis of natural products and drug (Scheme 2). Short and
efficient syntheses of (%)-8-oxocanadine, (*)-8-oxotetrahydropalmatine, and (*)-8-oxostylopine were
achieved by implementing this novel protocol as a key step. A formal synthesis of the drug
‘tetrahydropalmatine’ has been also achieved. It is also a first report on the synthesis of the tetracyclic core
from intramolecular annulation of amide and styrene. Two new bonds, C—-N and C-C, have been formed in

a single step by an intramolecular tandem “amidation/C—H activation” sequence.

Chapter 2. Quinazolinone Directed C-H Bond Activation

Quinazolinones are one of the important nitrogen-containing heterocyclic motifs found in more than 200
natural products as well as in several drugs (Figure 3). Quinazolinone derivatives possess a wide range of
pharmacological activities such as antimalarial, anticancer, antimicrobial, antidiabetic, anti-inflammatory,
antihypertensive, anticonvulsant, diuretic, among others. Given their importance, we have developed C-H
bond activation protocols for quinazolinones using substrate itself as a directing group. The study projected
in chapter 2 is divided into two sections. Section 1 describes the study about a concept of quinazolinone as
an intrinsic directing group for Pd-catalyzed C(sp’)-H bond activation and its successful use in the
regioselective monoarylations of several quinazolinones to get medicinally important novel quinazolinones
(Scheme 3).

QL
o X>s o ; )
o ek L g e L CL
N//K N/)\NHZ g ‘o Naos N N/)\/©>R3
H | H

Methaqualone Thymitaq
(sedative/hypnotic) (anticancer) 22 examples R* O ‘ o . :
o o (upto 86% yield) ' Intrinsic directing group
NH N . . . 2 .
©\)NL/ y @f’:\/ A\ Scheme 3. Quinazolinones Directed C(sp“)—Arylations
\ N=.
OHC

Bouchardatine Luotonine A

Figure 3. Selected Natural Products and Pharmaceuticals
Featuring Quinazolinone Core

The use of diaryliodonium triflates as arylation reagents for quinazolinone directed C—H activation is a first
report of arylation for diversification of quinazolinones. The protocol provided 22 new arylated
quinazolinones. This novel protocol would be useful in the late-stage derivatization of bioactive
quinazolinones and natural products for SAR studies.

Section 2 shows the use of quinazolinone as an intrinsic directing group first time for the C(sp®)~H bond
activation to obtain several C(sp®-acetoxylated quinazolinones. Quinazolinone scaffold has been

successfully used as an intrinsic directing group for Pd-catalyzed C(sp®)—H functionalization (Scheme 4).
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Many of the quinazolinone natural products having good therapeutic assets commonly encompass S or y
sp®-oxidized carbons (Figure 4), which could be accessed potentially by selective oxidation using a metal-
catalyzed directed C—H activation process. Here we have developed the protocol for acetoxylations of
benzylic positions as well as mono acetoxylations of y—methyl groups. In this process, we have observed
that the use of base was found to be crucial for the monoselective acetoxylations. Overall, we have
synthesized 18 novel acetoxylated quinazolinones compounds. The application of the catalytic process for
in situ generation of the oxidant diacetoxy iodobenzene (PIDA) from iodobenzene and oxone in acetic acid

has also been demonstrated in this section.

Quinazolinone directing group

o 9 o
N R N
R® R ——» R® R2
N S > N/ Z
H ,LCH3 B N
0 Y
o H H OAc

Phaitanthrin E

(-) Serantrypinone

o

R

Vasicinone (R = H)
Adhavasinone (R = OMe)

(cytotoxic) o
HN

gs
N

O

T\

“CH,

Balaglitazone
(PPARY agonist)

0
N
1
L
“H

*t

(upto 95% yield)

1
N .@ N
— > ¢
) —
M N
H

C(sp®)-H Functionalization

(11 examples)

o

AcO

(7 examples)
The base is crucial

for the monoselectivity

Scheme 4. Quinazolinone Directed C(sp®) —Acetoxylations
Figure 4. Selected Quinazolinone Natural Products Containing 8 or y

sp®—Oxidized Carbons

The developed acetoxylation protocol would be useful in the synthesis of natural products and
derivatization of bioactive quinazolinones for SAR studies. A base-controlled monoselective acetoxylation

demonstrated herein may find important applications in the area of C—H activation.

Chapter 3: Ru-—Catalyzed Cascade Annulation of Acrylamides with 2-Alkynoates by aza-
Michael/C—H Activation Sequence for the Synthesis of Various 6-Oxo Nicotinic Acid Esters

Chapter 3 deals with Ruthenium-catalyzed inverse regioselective cascade annulation of acrylamides with
2-alkynoates to synthesize various 6-0x0 nicotinic acid esters (Scheme 5a). The corresponding
hydroxypyridinecarboxylic acids are the biologically important class of compounds. In particular, they
have been used for metal chelation therapy because they have good binding capacity towards
aluminum(llil) and iron(ll). Flavipucine, ciclopirox, pirfenidone are some of the natural products and
drugs featuring pyridone core. As a result, several classical methods for their preparations are reported in
the literature. C—H Bond activation has emerged as a cost and step-economical tool for the synthesis of
these types of heterocycles. Herein, we have developed a protocol for annulation of acrylamides with 2-
alkynoates for the synthesis of various 6-0xo nicotinic acid esters using ruthenium catalysis. The reaction
follows aza-Michael/C-H activation sequence to accomplish complete reverse regioselectivity on the

contrary to the other known ruthenium catalyzed protocols. Previous annulation protocols of dialkyl or
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diaryl substituted alkynes with benzamides or acrylamides follow C—C followed by C—N bond formation
cascade. Whereas, in the present protocol, since we have 2-alkynoates as an alkyne partner with
acrylamide, the regioselectivity gets reversed. The regioselectivity of this protocol was confirmed by
synthesizing 6-methyl-1-phenylpyridin-2(1H)-one by silver mediated protodecarboxylation process
(Scheme 5b).

(0]
[ P o
N

0 CO,R® / R2 R

R2 _R! [RuCly(p-cym)],, KOAc Y N~
2 | H * | l Oxone; 1,4-dioxane g R |
r3 . 1 CO,Et R N R4
R

CO,R®
'detected by HRMS'

o O o /@ 22 examples
b) @\ i) NaOH, EtOH @l\
=

P ii) Ag;CO;

CO,Et ‘confirms regioselectivity'

Scheme 5. a) Ru-Catalysed Reverse Regioselective Cascade Annulation of Acrylamides with Alkynes,
b) Regioselectivity Confirmation by Silver Mediated Decarboxylation

The protocol has been generalized to access varyingly substituted 6-0xo nicotinic acid esters. It has been
observed that the reaction works only when R* of 2-alkynoates is primary or secondary alkyl. It suggests
the involvement of allene intermediates in the reaction. Moreover, oxone is used as an oxidant for
ruthenium catalyst, which is inexpensive and ecologically benign. We have also developed a redox-neutral
annulation protocol at room temperature wherein N-OMe substituted acrylamide was used as the substrate.
Few control experiments and the detection of ruthenacycle intermediate (HRMS) in the reaction mixture
sheds some light on the probable reaction mechanism.

In summary, we have successfully developed novel synthetic methodologies involving nitrogen directed
C—H activation protocols for the synthesis of protoberberine natural products, drug tetrahydropalmatine,
novel quinazolinones alkaloids and various 6-0xo nicotinic acid esters with reverse regioselectivity. Our
developed protocols herein would be useful in organic and medicinal chemistry and may find important

applications in the area of C—H activation guided drug discovery.
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Introduction

Direct functionalization of C—H bond has emerged as an important tool for the synthesis of
several scaffolds from simple building blocks without or less prefunctionalization. In the last two
decades the area of C—H activation has been evolving in rapid pace and several reports in this
area is the evidence of its importance. However, the use of C—H bond activation in the total
synthesis of natural products, drugs and bioactive molecules is still underdeveloped, which

prompted us to explore these processes.
0.1. Introduction of C-H Bond Activation:

Synthetic chemists are always interested in the development of cheapest and cleanest routes for
the synthesis of organic molecules. Over the last few decades, the formation of C—C bonds by the
most economic ways has become an area of increasing importance among both industrial and
academic research. The sustainable nature of reaction depends upon atom economy of reaction,
which in turn depends upon the minimal number of reactants. Another way to achieve clean and
atom economical processes is to directly use readily available starting materials as substrates
without prefunctionalization to minimize the total number of steps. Such processes should be
also achievable under acceptable thermodynamic conditions i.e. optimum temperature and

pressure.!

amyl chloride,

©/H AICI, _ ©/\/\/
reflux, anhydrous

condition

Scheme 1. Friedel-Crafts reaction

The first example of C—H bond functionalization kind of reaction known in the literature is the
Friedel-Crafts alkylation (FC alkylation), which was named after its inventors. In 1877, Charles
Friedel and James Crafts reported amyl benzene formation after the treatment of amyl chloride

with AICl; in benzene (Scheme 1).2 Mechanistically, it is not actual C—H bond activation

Dnyaneshwar N. Garad, Ph.D. Thesis Page 2
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reaction since it follows the electrophilic aromatic substitution reaction pathway, but overall it is
transformation of C—H bond into C—C bond. The concept of C—H activation follows a different
mechanism than the electrophilic aromatic substitution has gained significant attention from the
synthetic community as an ideal method for the formation of carbon-carbon and carbon-

heteroatom bonds (Scheme 2).

H
©/ Functionalization ©/FG

FG = Functional Group

Scheme 2. C-H bond functionalization

Recently, C—H bond functionalization has become a powerful tool for the synthesis of various
scaffolds, natural products, and pharmaceuticals.® It provides direct access and delivers more
atom-economical paths in the synthesis of complex structures as compared to the traditional

organic synthesis.
0.2. History of C-H activation:

Some of the pioneering C—H bond activation protocols in the literature are shown in scheme 3. In

1955, Shunsuke Murahashi reported cobalt-catalyzed annulation reaction of imine and carbon

e N
a) Murahashi's First Report of Cobalt Catalyzed C—H Activation:

C0,(CO)5 (11 mol %)
@N—Ph CO (100-200 atm) C@N_Ph
H benzene, 220-230 °C %
80%

b) Fujiwara's Palladium and Copper Catalyzed C-H Functionalization

Pd(OAc), (10 mol%) O
©/H ©/\ Cu(OAc), (10 mol%) O A
+ >
benzene, AcOH, O, 45 %

80°C,8h

Scheme 3. History of C-H activation

Dnyaneshwar N. Garad, Ph.D. Thesis Page 3
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monoxide (CO) by C—H bond activation reaction for the synthesis of N-phenyl isoindolinone
(Scheme 3a).* Later in 1969, Fujiwara group reported Heck-type reaction using
palladium/copper catalytic system for C—H functionalization (Scheme 3b).> Followed by these
selected examples, recent years have witnessed an upsurge in the area of C—H bond
functionalization. Few selected aspects of these transformations are summarized below.

0.3. Control of Regioselectivity:

The regioselective C—H bond activation is a challenging task since organic compounds possess
ubiquitous C—H bonds. The regioselectivity in C—H bond activation could be achieved by three
different ways such as intrinsic, intramolecular and directed C—H activation. Intrinsically,

regioselectivity is being achieved by electronic nature or acidity difference in C—H bond of the

'a N\
a) Intrinsic:

7

CR= T O-

H

b) Intramolecular:

X
H (
s
(o]
c) Directed C-H Activation:

DG DG, DG
C[ Metal Catalyst C[ ‘w Functionalization @
—_— . —
H M = Metal Tl FG

DG = directing groups cyclic (6 or 7) membered
transition state

Scheme 4. Control of regioselectivity

substrates. For instance, substrates such as indole, benzoxazole and thiophene possess
heteroatoms in their scaffold which makes adjacent C—H bonds electronically different than
others thus controls the regioselectivity of C—H activation process (Scheme 4a). Intramolecular

reactions also control regioselectivity in C—H bond activation process by the formation of five or

Dnyaneshwar N. Garad, Ph.D. Thesis Page 4



Introduction

six-membered ring size (Scheme 4b). The use of directing groups has been established as a
successful strategy among other methods to enhance the reactivity and to control the selectivity
in C—H functionalization reactions. The directing group plays a crucial role in selective C-H
bond activation since organic molecule contains many hydrogen atoms. A directing group
chelates with a metal so that proximal hydrogen (by the formation of 6 or 7 membered transition
states) could be activated to gain the selectivity (Scheme 4c).® Until now, several C—H activation
reactions in organic compounds have been reported using various directing groups. Directing

groups are either mono-dentate or bi-dentate chelating groups.
0.4. C-H Activation in Natural Product and Drug Synthesis:

Undeniably, numerous publications on the C—H activation topic have been reported in the
literature and the development of new catalytic processes continues to evolve at a rapid pace, but
their successful applications to the synthesis of complex natural products or pharmaceuticals are
still rare.®> Ellman and co-workers in 2005 have shown an elegant synthesis of (+)-lithospermic

acid using rhodium catalyzed C—H bond activation by asymmetric intramolecular alkylation as

a) (+)-Lithospermic Acid

H__O
C02Me
i. [RhCI(coe)z]z —_—
oo
iii. HCI H,0 (o}
89% OMe OMe

(+)-Lithospermic Acid

b) Diclofenac

©\/\COOH
C(\COQH cat. Pdl, COOH Cul NH
H —>
y I0Ac | 2,6-dichloroaniline c|\©/m

no light

diclofenac

Scheme 5. Selected examples of C-H activation in the total synthesis of drug and natural product
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the critical step (Scheme 5a).” Whereas Yu group in 2010 reported palladium catalyzed ortho-C—
H iodination in expedient synthesis of the drug diclofenac (Scheme 5b).® Additionally some
other known literature reports on natural products and drugs synthesis using C—H bond activation
shows importance of this technique in the atom and step economy of reaction.’ We believe that
developing newer C—H activation methods for total synthesis of molecules would lead to the
development of useful reactions for organic chemists. In this regard, in chapter 1 of this thesis,
we have developed carboamidation protocol for the synthesis of protoberberine class of natural

products and drug via C—H bond activation.
0.5. C-H Activation by Intrinsic Directing Group:

Installation and removal of directing groups require two extra steps. Very few examples of

inherent or intrinsic directing groups are known where substrate itself acts as a directing group.®

( )

TIPS
Z>N H )\ H /
I N S AN
A = NH [Pd] = NH
NH O NH O
— Alkynylation
Carboline amide >25 examples
(CA)

alangiobussinine (natural product)

Scheme 6. Selected example of C-H activation by intrinsic directing group

Sarpong and coworkers reported C(sp?)—H functionalization using S-carboline amide as an
intrinsic directing group. Various substrates and the natural products such as alangiobussinine
and the core of marinacarboline were functionalized using carboline-directed 5-C(sp?)—H
alkynylations (Scheme 6).° In Chapter 2 of this thesis, we have successfully applied
quinazolinone scaffold as an intrinsic directing group for C(sp?)-arylation and C(sp®)-

acetoxylations reactions to obtain novel quinazolinones of biological interest.
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0.6. C—H Activation in Annulation Reactions:

Mostly C—H bond activation protocols have been used for simple functionalizations or additions
but recent years have witnessed substantial improvement in related transformations that can be
used in the formally known as cycloaddition reactions or annulation reactions.* These
transformations are synthetically more important because it converts readily available substrates

into highly valuable cyclic products in a rapid and sustainable manner. The general mechanism

1
X-H R X

o o
C=H R2 oxidant R?

reductive elimination
C-H
- . R1 R2
activation X \—/ /x. / \S‘
1 | 2
L mlgratory el A Rbor Qe R

insertion 2 M
| n R i M = metal
catalyst )

Scheme 7. General mechanism for the metal catalyzed annulation involving C—H bond activation

of these transformations is depicted in Scheme 7. First, the metal catalyst co-ordinates with the
heteroatom present in the substrates and activates proximal C-H bond to form metallacyclic
intermediate 1. The migratory insertion of metallacycle | into alkyne/alkene generates two
possible intermediates Il or 111 depending upon electronic/steric nature of substituents of used
alkyne/alkene. The reactions involving intermediate 11 (C—C bond formation followed by C-X
bond formation) are most studied as compared with the intermediate 111 (C—X bond formation
followed by C—C bond formation). In this context, in chapter 3 of this thesis, we have developed
annulation protocol using electronically biased alkyne (alkynontes) for the inverse regioselective
synthesis of pyridones. The synthesized pyridones are biologically important 6-oxo nicotinic acid

esters.
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0.7. Conclusion:

The C—H bond activation protocol has emerged as a powerful tool for C-C and C—heteroatom
bond construction. Tremendous catalytic C—H activation processes have been reported in the last
two decades. However, there are very few reports known in literature where it has been
successfully applied for the total synthesis of natural products and pharmaceuticals. The
fascinating efficient transformations possible using C—H activation protocol enhanced our
interest in the application of C—H bond activation chemistry for the synthesis of important
scaffolds. This thesis is the outcome of our venture in this area.
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Chapter 1

Chapter 1

Pd(l11)-Catalyzed Tandem “Olefin Amidation/C—H Activation" Protocol

for the Synthesis of Protoberberine Class of Natural Products and Drug
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Chapter 1

1.1. Abstract:

Chapter 1 describes Pd(Il)-catalyzed intramolecular tandem olefin amidation-C—H activation
protocol (carboamidation) for the synthesis of 8-oxoprotoberberine core. The tandem process of
C—N and C-C bond formation was successfully applied for the syntheses of natural product
precursors (x)-8-oxocanadine, (x)-8-oxotetrahydropalmitine and (%)-8-oxostylopine, which can
be easily, converted to the respective protoberberine natural products and drug. The synthetic
route established herein comprises amide-coupling, regioselective iodination, Stille coupling and
carboamidation protocols. The short synthetic route demonstrated would be useful for the
synthesis of a large number of natural products and their analogues featuring protoberberine

scaffold.

R11 A Pd(OAc), (10 mol %)
! __A_HN 0 Cu(OACc),*H,0 (1 equiv)
| NaOAc (3 equiv) o
DMSO:H,0 (10:1)

S -R? 0, baloon
- - (+)-8-oxocanadine
Direct access to protoberberine (+)-8-oxotetrahydropalmitine
class of natural products (£)-8-oxostylopine
\ /

This work has been published in Org. Lett. 2016, 18, 3862.

1.2. Introduction:

An alkaloid can be simply defined as a cyclic/acyclic compound containing nitrogen atom in a
negative oxidation state which is widely distributed in living organisms.> The protoberberine
alkaloids are subdivision of natural products containing isoquinoline skeleton. They are
secondary metabolites having significant biological activities because of their ability to bind or

insert in DNA." Isolated from a wide range of plants, all members of protoberberine class feature
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a 5,8,13,13a-tetrahydro-6H- isoquinolino[3,2-a]isoquinoline moiety, typically functionalized
with hydroxy, methoxy or methylenedioxy substituents (Figure 1).“% Canadine, stylopine, among
others are some of the important protoberberine natural products and tetrahydropalmatine is an
anxiolytic and sedative drug found in the Chinese herb Yan Hu Suo. Biologically,
protoberberines have been synthesized from their very efficient bio-precursor tyrosine, which
forms their A and D ring and part of C and D ring.* The parent compound, berberine is the most
widely studied alkaloid, which exhibits anti-fungal, anti-bacterial, anti-inflammatory, anti-

malarial, anti-diabetic, and anti-cancer activities.

OMe o N
@ O
@ s 1 MeO S <o
/D | o—/
N

protoberberine core berberine o tetrahydropseudocoptisine

OMe
R' + R? = -OCH,0- = canadine (1a) (-)-isocorypalmine
R' = R? = OMe = tetrahydropalmitine (1b)

R" + R? = -OCH,0- = stylopine (1c)
R' = R? = OMe = sinactine

R' + R2 = -OCH,0- = gusanlung D (2d)
R' = R% = OMe = 8-oxo-O-methyl-
-bharatamine

OMe
(-)-(S)-stepholidine (S)-(-)xylopinine

Figure 1. Selected natural products containing protoberberine core®?
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1.3. Literature Review:

Protoberberine class of natural products have acquired immense attention of the scientific
community for their synthesis by various approaches, including few transition-metal-catalyzed
methods for their construction.!® Phosphane-free Pd(0)-catalyzed intramolecular aromatic
amination and Pd-catalyzed direct aromatic carbonylation using carbon monoxide (CO) as the
carbon source in the synthesis of 8-oxoberberines have been developed by Orito and co-
workers.2®™ The intramolecular aromatic amination protocol developed by Orito group uses
Pd(0) catalytic system based on Pd(OAc), and Cu(OAc), in the presence of K,CO3, whereas
Pd(Il)-catalyzed direct aromatic carbonylation has been carried out in a Pd(OAc),-Cu(OAc);
catalytic system. The other Pd-catalyzed method such as enolate arylation'® was developed by
Donohoe group and utilized in the concise synthesis of the berberine alkaloids as well as in the
construction of isoquinoline core. The intramolecular Heck type reaction®® have been utilized by
Argade group for the synthesis of protoberberine gusanlung D.

Difunctionalization of olefins is a powerful strategy in organic synthesis for the construction of
complex alkaloid natural products.” We envisioned that an intramolecular tandem C-N/C-C
bond formation (carboamidation) of internal olefins by C—H activation could be an interesting
method to construct isoquinoline core for the synthesis of protoberberine alkaloids. In this
context, the literature survey revealed that aminoarylation reactions of olefins/alkynes known in
the literature requires aryl halides as a coupling partner.* The tandem Pd-catalyzed
intramolecular amidation of alkenes followed by intermolecular C-H activation of arenes has
been reported by Michael et al. in 2009 (Figure 2, eq. 1).° Here, arenes were used as solvent as
well as reactants and Pd(ll) catalyst was used for reaction in the presence of strong oxidant N-

fluorobenzenesulfonimide (NFBS). They have also proposed the reaction mechanism involving
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Pd(I1)/Pd(IV) intermediates. Several other examples of intermolecular tandem C—C/C—N bond
formation using various amines, alkenes and aryl sources as well as aminoarylation reactions
between aryl halides and alkenes bearing pendant nitrogen nucleophiles also have been
reported.*®” Directing group (N-OPiv amide) specific, rhodium-catalyzed intramolecular
amidoarylation of olefins has been reported by Rovis et al (Figure 2, eq. 2).2 N-OPiv amide also
acts as a stoichiometric oxidant, which makes the catalytic ring closure a redox neutral process.
This process is external oxidant free process where substrate itself acts as a terminal oxidant.
There are few examples known in the literature wherein difunctionalization of internal alkynes
by rhodium catalyst has been achieved by tandem amidation-C—H activation sequence (Figure 2,
eq. 3).° The rhodium catalyzed process using external oxidant and its redox neutral version
where substrate itself work as a oxidant were independently reported by Gulias group and Park

group respectively.

( )
Previous work:

CbzHN I . CbzN
arenes as solvent

and reactant

@)‘\ _OPiv ©§:‘<
__Rm

_I_ ])L | [Rh]
,v)n «4 or RS

R? x 0, CH,

9c,d
(@)%,

This work:

(o]
) R1~©)L N _ P
z R2

Figure 2. Difunctionalization of olefins and alkynes
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1.4. Origin of the work:

In literature the difunctionalization of internal olefins to access isoquinolinone core of
protoberberine alkaloids was not known until this report (Figure 2, eq. 4). In this report, we have
described a unique intramolecular Pd-catalyzed tandem oxidative olefin amidation and C—H

activation protocol for the synthesis of protoberberine class of natural products.
1.5. Objective of the work:

The retrosynthetic plan for this work is shown in Scheme 1. The protoberberine natural products
and drug la-c can be easily accessed by the reduction of its corresponding 8-oxoberberine
derivative 2, which would be obtained from vinyl amide 3 using the proposed Pd-catalyzed
tandem olefin amidation-C—H activation protocol. Vinyl amide 3 could be generated from the
corresponding aryl ethyl amine 6 and carboxylic acid 7 in three simple steps namely amide

coupling, regioselective iodination and Stille coupling.

4 A
Pd-Catalyzed

tandem C-N and C-C R
bond formation m
R! R? NH,

(+)-canadine (1a)
(#)-tetrahydropalmitine (1b) 2 3 7
L (%)-stylopine (1c)

Scheme 1. Retrosynthetic analysis of protoberberines

1.6. Result and Discussion:

The synthesis of (x) 8-oxocanadine (2a) began with the coupling of the corresponding aryl ethyl

amine 6a and carboxylic acid 7b using EDC-HCI*

to obtain amide 5a in good yield (scheme 2).
The amide 5a was then treated with iodine and silver triflate' in dark atmosphere to furnish

iodo-amide 4a in very good yield and excellent regioselectivity. The iodo-amide 4a was further
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treated with tributyl(vinyl)stannane under Stille coupling conditions™® catalyzed by Pd(dba)s and
triphenylarsane as a ligand to get vinyl-amide 3a in very good yield, which was used as a

precursor for carboamidation protocol.

o

6a

Pd,(dba);, 2 “SnBus

OMe

EDCI, DMAP <

<0 + HoO OMe
o NH,

7b

<

AsPh;, DMF, 50 °C, 12 h
83%

o)

THF, 45°C, 24 h
60%

see Table 1
30h

3a

[o]
NH o  _seeTabled” =
| é[oMe 55% (75% brsm)

__lAgOTf < m

DCM rt,12 h
(dark hood)
80%

&w

oM
€ (+)-8-oxocanadine (2a)

e

e

Scheme 2. Synthesis of (+)-8-oxocanadine (2a)

Various catalysts, oxidants and reaction conditions were screened on vinyl-amide 3a for the

expected tandem amidation-C—H activation reaction to get optimized protocol (Table 1).

Table 1. Optimization of the carboamidation protocol®

entry catalyst (mol %) oxidant (equiv) additive (equiv) solvent/temp yield (%0)?
1 Pd(OACc), (10) Cu(OAc), (0.2) AgOAC (2) DMF/110°C 15
2 Pd(OAc), (10) Cu(OAc), (0.2) NaOAc (2) DMF/110°C 25
3 Pd(OAc), (10) Cu(OAc),-H,0 (2) NaOAc (2) t-Amyl alcohol/115 °C -
4 [RhCp™Cl,], (2.5) Cu(OAc), (0.2) AgOAc (1.5) CH5CN/110°C -
5 [RUCly(p-cy)]2(5) Cu(OAcC),-H,0 (2) AgSbF¢ (0.2) 1,4-dioxane/ 100 °C -
6 Pd(OAc), (10) Cu(OAc), (0.2) NaOAc (2) DMSO0/100 °C 30
7 Pd(OAC), (10) Cu(OACc), (2), O, NaOAc (2) DMS0/100 °C 35
8 Pd(OACc), (10)  Cu(OAc),-H,0 (2), O, KOACc (2) DMS0/100 °C 25

<§J©QH o
| &OMe

3a OMe

conditions
24-30 h
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9 Pd(OAC);(10)  Cu(OAC),-H,0 (2),0,  NaOAc (2), PivOH (0.4) DMS0/100 °C 40
10 Pd(OAC); (10) 0, NaOAc (2), PivOH (0.4) DMS0/100 °C
11 Pd(OAC);(10)  Cu(OAC),-H,0 (2),0, NaOAc (2), PivOH (0.4)  DMSO:H,0 (9:1)/100 °C 45
12°  Pd(OAC),(10)  Cu(OAc),-H,0 (1), O, NaOAc (3) DMSO:H,0 (10:1)/100 °C (75%?;%)
13 [RhCp'Cl](25)  Cu(OAc),H,0 (1), O, NaOAc (3) DMSO:H,0 (10:1)/100 °C
14 PA(TFA);(10)  Cu(OAc),-H,0 (1), O, NaOAc (3) DMSO:H,0 (10:1)/100 °C 42
15 PdCl, (10) CuCly-2H,0 (1) NaOAc (3) DMSO:H,0 (10:1)/100 °C 20
16 Pd(OAC), (10)  Cu(OAc),-H,0 (1), O, NaOAc (3) DMAC:H,0 (9:1)/100 °C 33
17 Pd(OAC);(10)  Cu(OAc),-H,0 (1), O, NaOAc (3) DMAC:DMSO (9:1)/100 °C 35

a) All reactions were performed on 18 mg (0.05 mmol) scale of vinyl-amide 3a. b) Solvent used DMSO: H,O (0.3:
0.03) mL.

The first reaction towards this aim was by using catalytic Pd(OAc), and Cu(OAc); in the
presence of base/additive AgOAc at 110 °C in DMF, which gave the expected product 2a,
though in low yield (entry 1). The base/additive AgOAc was replaced by NaOAc, which
enhanced the yield by 10% (entry 2). Variation in metal catalysts or solvents did not show the
formation of the expected product (entries 3-5). Interestingly, the change in solvent from DMF to
DMSO and performing the reaction under oxygen atmosphere showed improvement in yield to
35% along with 30% starting material recovery (entries 6 & 7). After variations in additives
(entries 8-11) we could find an optimized reaction condition (entry 12), wherein the highest
possible yield of product () 8-oxocanadine (2a, 55%, 75% brsm) could be obtained. However,
further modifications (entries 13-17) or variation in catalyst loading did not show improvement
in the yield.

After having optimal conditions in hands, we turned our attention to develop a general scope of
the protocol. The synthesis of various 8-oxoprotoberberines was carried out by following the

same sequence used for the synthesis of (x) 8-oxocanadine (2a). Initially, the amide coupling of

Dnyaneshwar N. Garad, Ph.D. Thesis Page 16



Chapter 1

the corresponding aryl ethyl amine 6b and carboxylic acid 7b using EDC-HCI and catalytic
DMAP™ was carried out to obtain amide 5b in moderate yield (scheme 3). The amide 5b was
then subjected for regioselective iodination using iodine and silver triflate** in dark to furnish

iodo-amide 4b in excellent yield.

p
MeO MeO
MeO ___EDCLDMAP © 1,, AgOTf m o
—_—
o NH, + J\©/ THF, 45°c 24h HN__O DCM,rt,12h MeO I
. . rt,
6b

MeO
55% © (dark hood)
" OMe 85%
4b OMe
OMe
MeO.
Pdy(dba)s, 22 “SnBu; _ NH o Pd(OAc); (10 mol%)
AsPh;, DMF, 50°C,12h  MeO | [ om Cu(OAc),*H,0 (1 equiv)
e

9% NaOAc (3 equiv), 30 h

3b 45% (68% brsm)

THP-dru
OMe ( )]

B tetrahydropalmatine
(%)-8-oxotetrahydropalmitine (2b) (anxiolytic & sedative)

OMe

Scheme 3. Synthesis of ()-8-oxotetrahydropalmitine (2b)

The iodo-amide 4b was further treated with tributyl(vinyl)stannane under Stille coupling
conditions™ to get vinyl-amide 3b in excellent yield. After having vinyl-amide 3b in hand, we
applied the developed carboamidation protocol on vinyl-amides 3b, which provided the cyclized
product (z) 8-oxotetrahydropalmitine (2b) in 45% (68% brsm) yield.

Subsequently, synthesis of ()-8-oxostylopine (2c¢) was commenced by following similar

reactions sequence which was used for synthesis of 2a and 2b. The amide coupling of the

0
<o __EDCLDMAP _ <° I, AgOTF < m o
—29r
o NH, + THF, 45°C, 240 o HN_O  DCM,rt 12h o I
>
o

45% (dark hood)
6a 5¢ 0> 79% 4c
o

(o} o
Pd,(dba);, Z° “SnBu; <omH o Pd(OAc); (10 mol%) <o O
AsPh;, DMF, 50 °C, 12 h - | o Cu(OAc),*H,0 (1 equiv)

83% ; °>

NaOAc (3 equiv), 48 h

(o] 9 9 o
35% (55% brsm) (%)-8-oxostylopine (2c)

Scheme 4. Synthesis of (+)-8-oxostylopine (2c)
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corresponding aryl ethyl amine 6a and carboxylic acid 7a by using EDCI*® was carried out to
obtain amide 5c¢ in adequate yield (scheme 4).The amide 5¢ was then subjected for regioselective
iodination'® in dark atmosphere and furnished iodo-amide 4c in good yield. The iodo-amide 4c
was further treated with tributyl(vinyl)stannane under Stille coupling conditions™ to get vinyl-
amide 3c in very good yield. After having vinyl-amide 3c in hand, we applied the developed
carboamidation protocol on vinyl-amides 3c, which provided the cyclized product () 8-
oxostylopine (2c) in 35% (55% brsm) yield.

Successful synthesis of electron rich 8-oxoprotoberberines 2a-c (Scheme 2-4) prompted us to test
the developed protocol for the synthesis of natural products having electron deficient scaffolds.
The structure of gusanlung D (2d) shows ‘D-ring’ of its core is electron deficient than 8-
oxoprotoberberines 2a-c (Figure 1). The synthetic route of gusanlung D (2d) is depicted in
scheme 5. The amide 5d was synthesized by coupling of the corresponding aryl ethyl amine 6a
and benzoyl chloride in the presence of Na,CO; in biphasic solvent system DCM:H,0 in

moderate yield.

P
o 0
o
° Na,CO,, DCM:H,0 I,, AgQOTf { al
< + Cl 23 2 —2 == Y [o)
o NH, 25°C, 12 h o] HN.__O DcMm,rt,12h I
6a

52% (dar:or:/ood)
5d ° 4d
o}
Pdy(dba)s, /\SnBug, <° NH o Pd(OAc), (10 mol%) o
AsPh3, DMF, 50 °C, 12 h - | Cu(OAc),*H,0 (1 equiv)
3d

90% NaOAc (3 equiv), 48 h
~5%

(x)-gusanlung D (2d)

Scheme 5. Attempt for synthesis of (+)-gusanlung (2d)

The amide 5d was then subjected under iodination condition with iodine and silver triflate™ in

dark hood to furnish iodo-amide 4d in very good yield and regioselectivity. The iodo-amide 4d
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was further reacted with tributyl(vinyl)stannane under Stille coupling conditions™ catalyzed by
Pd(0) and triphenylarsane as a ligand to get vinyl-amide 3d in excellent yield. After having
vinyl-amide 3d in hand, we applied the developed carboamidation protocol on vinyl-amides 3d
but unfortunately cyclized product 2d was observed in less than 5% by TLC and most of the
starting material remained unreacted. Its formation was confirmed by LC-MS and HRMS
analysis. We were unable to isolate enough compound for NMR analysis.

Overall, we have successfully synthesized 8-oxoberberines 2a-c in moderate isolated yields and
based on recovered starting materials moderate to good yields (Scheme 2-4). Unfortunately,
vinyl-amide 3d when subjected to our developed protocol showed formation of only a trace
amount of natural product gusanlung D (2d). When the reaction temperature was raised to 120-
140 °C, decomposition of vinyl-amide 3d was observed. It shows that the developed protocol
fails to deliver the cyclized product in case of electronically deficient vinyl amide substrates
(Scheme 5). The analytical and spectral data of 8-oxoberberines 2a-c is consistent with the
reported data.” Their transformation to the corresponding natural products and drug (+)-canadine
(1a), (x)-tetrahydropalmitine (1b) and (z)-stylopine (1c) has been well-documented in the
literature 2<m"

A proposed mechanism for the intramolecular carboamidation protocol developed herein has
been depicted in Figure 3. The active catalyst might be formed by the coordination of DMSO
with Pd(I1), which catalyzes further transformations.*? First, Pd(11) coordinates with nitrogen and
olefin of 3a to form intermediate | followed by amino-palladation gave intermediated I1. The
proximal C-H bond activation of intermediate Il results into palladacycle Il1. The reductive
elimination of Pd(Il) from palladacycle I11 furnish the expected cyclized product 2a and Pd(0)L,.

The intrinsically unstable form of the catalyst “Pd(0)L,” generated in the reaction mixture
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reoxidizes (Figure 3, i) by the oxidant to complete the catalytic cycle; however, a competing
reaction, which deactivates Pd(0) to catalytically inactive palladium black,** might be the reason

behind the incomplete conversion (Figure 3, ii).

4 1\
Pd(OAc),
DMSO
<o
Cu(OAc), or O, [LaPd(OAC);] o NR_o
\_/ 3a | &OMe
i
0 AcOH
¢ O Pd(0)Ln OMe
O N0 \
i [Pd],

2a OMe o)
O <O NCOAr
OMe
/ o [pd(“)L OAC]
C &,
© OMe
1 Ln(||)Pdf©V C H Activation
[AcOL (IPd]

AcOH

Figure 3. Proposed mechanism for the intramolecular carboamidation

1.7. Conclusion:

In summary, a novel Pd(Il)-catalyzed approach for the synthesis of protoberberine core has been
developed. The two new bonds, C-N and C-C have been formed in a single step by
intramolecular tandem ‘amidation-C—H activation’ sequence. A short and efficient syntheses of
(x)-8-oxocanadine, (x)-8-oxotetrahydropalmitine and (£)-8-oxostylopine have been achieved by
implementing this novel protocol as a key step. A formal synthesis of the drug
‘tetrahydropalmatine’ has been also achieved. It is also a first report on the synthesis of the
tetracyclic core from intramolecular annulation of amide and styrene. Currently, we are working

on the total synthesis of other natural alkaloids in this class using the developed protocol.
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1.8. Experimental Procedures and Characterization Data of Compounds:

I) Experimental Procedures for the Synthesis of (£) 8-Oxocanadine (2a):

i) Synthesis of Amide 5a:%°

0]
<o NH, i :OMe DMAP o HN 0
EE— .
I j + o OMe
[o) OMe THF, 45 °C
24 h

6a 7b 5a OMe
. J

The amide 5a was prepared by modifying the known procedure.® To a solution of amine 6a (0.9
g; 5.44 mmol) in THF (20 mL) was added acid 7b (1.29 g; 7.08 mmol) and DMAP (33.23 mg;
0.27 mmol). The resulting mixture was stirred for 5 min. at room temperature. EDC-HCI (2.08 g;
10.88 mmol) was added portion wise over 5 min. and the reaction mixture was stirred for 24 h at
45 °C. The reaction mixture was diluted by adding 60 mL of ethyl acetate and the organic layer
was washed with brine, saturated solution of aqueous NaHCOg3 and water. The organic layer was
dried over anhydrous Na,SOy4, evaporated under vacuo and the residue was purified by column
chromatography to afford amide 5a (1.07 g; 60% yield) as a thick oil. Rf: 0.4 (3:7 EtOACc:Pet.
ether); *H NMR (400 MHz, CDCls) 6 2.79 (t, J = 6.8 Hz, 2H), 3.61 (s, 3H), 3.64 (g, J = 6.8 Hz,
2H), 3.80 (s, 3H), 5.85 (s, 2H), 6.64 (dd, J = 8.1, 1.5 Hz, 1H), 6.66-6.71 (m, 2H), 6.95 (dd, J =
8.1, 1.5 Hz, 1H), 7.06 (t, J = 8.1 Hz, 1H), 7.63 (dd, J = 8.1, 1.5 Hz, 1H), 7.95 (bs, 1H); *C NMR
(100 MHz, CDCI3) ¢ 35.1, 40.9, 56.0, 61.0, 100.8, 108.3, 109.0, 115.2, 121.6, 122.8, 124.3,
126.6, 132.9, 146.1, 147.5, 147.8, 152.5, 165.1; HRMS-ESI (m/z) calcd (C1gH19NOs + H)':

330.1336, found: 330.1339.
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ii) Synthesis of lodo-Amide 4a:

( )
o o
<om o I, AQOTf <o HN__O

—» I
OMe DCM, 25 °C OMe
12 h
5a OMe 4a OMe

- J

The lodo compound 4a was prepared by modifying known procedure.'! To a solution of amide
5a (0.8 g; 2.43 mmol) in DCM (15 mL) was added AgOTf (0.624 g; 2.43 mmol) and stirred at 25
°C for 2 min. The solution of iodine (0.616 g; 2.43 mmol) in DCM (15 mL) was added to the
above solution drop-wise over 5 min. and the resulting mixture was stirred for 12 h at 25 °C in
dark hood. The reaction mixture was filtered through a short pad of celite with DCM as an
eluent. The combined organic layers were washed with aqueous NH3, aqueous Na,SO; and
water. The DCM layer was dried over anhydrous Na,SO,, evaporated under vacuo and purified
by column chromatography to afford iodo compound 4a (0.884 g; 80% vyield) as a colorless
solid. Rf: 0.5 (2:3 EtOAC:Pet. ether); mp 101-103 °C; *H NMR (400 MHz, CDCl3) 6 2.93 (t, J =
7.1 Hz, 2H), 3.60 (g, J = 7.1 Hz, 2H), 3.73 (s, 3H), 3.82 (s, 3H), 5.87 (s, 2H), 6.74 (s, 1H), 6.96
(dd, J = 8.1, 1.5 Hz, 1H), 7.08 (t, J = 8.1 Hz, 1H), 7.18 (s, 1H), 7.64 (dd, J = 8.1, 1.5 Hz, 1H),
7.97 (bs, 1H); B3C NMR (100 MHz, CDCl3) ¢ 39.8, 40.1, 56.0, 61.2, 88.0, 101.6, 109.7, 115.3,
118.7, 122.8, 124.4, 126.6, 134.9, 147.1, 147.5, 148.5, 152.5, 165.3; HRMS-ESI (m/z) calcd
(C1gH1sNIOs + H)™: 456.0302, found: 456.0309.

i) Synthesis of Vinyl-Amide 3a:'°

0
¢ m Pd,(dba),
o IHN (o] + /\SHBU ASPh3

? OMe DMF, 50 °C l

12 h

4a OMe
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The vinyl-amide 3a was prepared by using known procedure.’® To a solution of compound 4a
(0.455 g, 1 mmol) in 20 mL of DMF, tributyl(vinyl)tin (0.44 mL, 1.5 mmol), Pd,(dba)s (92 mg,
0.1 mmol) and AsPh; (0.244 g, 0.8 mmol) were added. The solution was stirred for 12 h at 50 °C
under an argon atmosphere. After cooling to ambient temperature the reaction mixture was
quenched with saturated NH,4Cl solution and extracted with ethyl acetate (20 mL x 3). The
organic layer was washed with water (10 mL x 3), dried over Na,SO,4, and concentrated after
filtration. The crude product was purified by column chromatography to afford a vinyl-amide 3a
(0.295 g; 83% vyield) as a colorless solid. Rf: 0.6 (1:1 EtOAc:Pet. ether); mp 75-77 °C; *H NMR
(400 MHz, CDCl3) 6 2.88 (t, J = 7.1 Hz, 2H), 3.56 (g, J = 7.1 Hz, 2H), 3.68 (s, 3H), 3.81 (s, 3H),
5.15 (d, J = 11.0 Hz, 1H), 5.45 (d, J = 17.1 Hz, 1H), 5.85 (s, 2H), 6.63 (s, 1H), 6.86-6.98 (m,
3H), 7.07 (t, J = 8.1 Hz, 1H), 7.63 (dd, J = 8.1, 1.5 Hz, 1H), 7.96 (bs, 1H); **C NMR (100 MHz,
CDCIs) o 32.7, 40.7, 56.0, 61.1, 100.9, 105.6, 109.8, 114.3, 115.3, 122.8, 124.3, 126.6, 130.4,
130.5, 133.6, 146.7, 147.3, 1475, 1525, 165.3; HRMS-ESI (m/z) calcd (CoHaiNOs + H)™:

356.1492, found: 356.1493.

iv) Synthesis of (+) 8-Oxocanadine (2a):

'd N\

<° Pd(OAc), ¢
o HN__O Cu(OAc),*H,0
_
I f :OMe NaOAc

DMSO:H,0 (10:1)
3a OMe 100°C; 30 h

g J

Vinyl-amide 3a (18 mg, 0.05 mmol), Pd(OAc), (1.12 mg, 0.005 mmol), Cu(OAc),-H,0 (10 mg,
0.05 mmol) and NaOAc (12.3 mg, 0.15 mmol) were dissolved in DMSO (0.3 mL) and H,0O (30
pl) in a Schlenk tube. The reaction mixture was evacuated and filled back with oxygen three

times. The reaction mixture was stirred at 100 °C in preheated oil bath for 30 h under oxygen. It
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was allowed to cool to room temperature and diluted with ethyl acetate (25 mL) and washed with
warm water (10 mL x 4). Organic layer was dried over anhydrous Na,SQO,, evaporated under
vacuo and purified by column chromatography to afford title compound 2a (9.7 mg; 55% yield)
as a colorless solid. 5 mg of starting material 3a was also recovered, hence based on recovered
starting material the yield of 2a is 75%. Rf: 0.4 (1:1 EtOAc:Pet. ether); mp 198-202 °C (lit.** mp
198-200 °C; lit.2 mp 198-202 °C; lit.*® mp 209-211 °C; lit."> mp 217-218 °C); *H NMR (400
MHz, CDCls) § 2.63-2.97 (m, 5H), 3.82 (s, 3H), 3.94 (s, 3H), 4.62 (dd, J = 12.9, 2.7 Hz, 1H),
4.87-4.95 (m, 1H), 5.88 (s, 2H), 6.59 (s, 1H), 6.60 (s, 1H), 6.86 (d, J = 8.3 Hz, 1H), 6.93 (d, J =
8.3 Hz, 1H); *C NMR (100 MHz, CDCls) ¢ 29.9, 38.2, 39.2, 55.3, 56.2, 61.6, 101.1, 106.1,
108.6, 115.2, 122.0, 123.5, 128.8, 128.9, 130.8, 146.5, 146.7, 150.1, 153.1, 162.6; HRMS-ESI
(m/z) caled (C2H19gNOs + H)™: 354.1336, found: 354.1338.

I1) Experimental Procedures for the Synthesis of () 8-Oxotetrahydropalmatine (2b):

i) Synthesis of Amide 5b:

4 N\
MeO
COOH
MeO NH OMe EDC-HCI, HN__O

D/\/ 2 DMAP MeO

MeO * oMe THF, 45°C OMe

24h
6b 7b 5b OMe

The amide 5b was prepared from amine 6b (0.5 g, 2.75 mmol) and 2, 3 dimethoxy benzoic acid
7b (0.551 g, 3 mmol) following the same procedure as used in synthesis of amide 5a to afford
the title compound 5b (0.524 g, 55% vyield) as a colorless solid. Rf: 0.4 (1:1 EtOAc:Pet. ether);
mp 93-94 °C; *H NMR (400 MHz, CDCl3) & 2.83 (t, J = 7.1 Hz, 2H), 3.56 (s, 3H), 3.68 (q, J =
7.1 Hz, 2H), 3.79 (s, 6H), 3.80 (s, 3H), 6.70-6.78 (m, 3H), 6.95 (dd, J = 8.1, 1.5 Hz, 1H), 7.07 (t,

J=8.1Hz, 1H), 7.64 (dd, J = 8.1, 1.5 Hz, 1H), 7.98 (bs, 1H); *C NMR (100 MHz, CDCls) §
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35.0, 40.9, 55.8, 55.9, 56.0, 61.0, 111.4, 111.8, 115.2, 120.6, 122.8, 124.3, 126.6, 131.6, 147.5,
147.7, 149.1, 152.5, 165.1; HRMS-ESI (m/z) calcd (CisHasNOs + H)™: 346.1649, found:
346.1650.

ii) Synthesis of lodo-Amide 4b:

l,, AgOTf
DCM, rt

Meoj@/\ MeO

HN m

MeO MeO HN 0
12 h

(o)
. |
OMe OMe
5b OMe 4b OMe

The iodo-amide 4b was prepared from amide 5b (0.520 g, 1.5 mmol) according to the same

procedure as used in the synthesis of iodo-amide 4a. The title compound 4b (0.601 g, 85% vyield)
was obtained as a thick oil. Rf: 0.5 (1:1 EtOAc:Pet. ether); *H NMR (400 MHz, CDCls) d 2.95 (t,
J=7.0 Hz, 2H), 3.63 (g, J = 7.0 Hz, 2H), 3.68 (s, 3H), 3.72 (s, 3H), 3.78 (s, 3H), 3.81 (s, 3H),
6.73 (s, 1H), 6.97 (dd, J = 8.1, 1.2 Hz, 1H), 7.08 (t, J = 8.1 Hz, 1H), 7.16 (s, 1H), 7.64 (dd, J =
8.1, 1.4 Hz, 1H), 7.99 (bs, 1H); **C NMR (100 MHz, CDCl;) 6 39.8, 55.9, 56.0, 56.2, 61.1, 88.1,
112.7, 115.4, 121.7, 122.7, 124.4, 126.6, 134.1, 147.5, 148.2, 149.4, 152.6, 165.3; HRMS-ESI
(m/z) calcd (C19H22N10s + H)™: 472.0615, found: 472.0620.

iii) Synthesis of vinyl-amide 3b:

MeO
m Pd(dba),
HN__O N
MeO I + =z SnBu3 ASPh3 MeO
0
OMe DMF, 50 °C
12h
4b
OMe

Dnyaneshwar N. Garad, Ph.D. Thesis

Page 25



Chapter 1

The vinyl-amide 3b was prepared from iodo-amide 4b (0.472 g, 1.0 mmol) according to same
procedure as used in the synthesis of vinyl-amide 3a to obtain the title compound 3b (0.338 g,
91% vield) as thick oil. Rf: 0.5 (1:1 EtOAc:Pet. ether); *H NMR (400 MHz, CDCl3) § 2.91 (t, J =
7.1 Hz, 2H), 3.59 (q, J = 7.1 Hz, 2H), 3.64 (s, 3H), 3.77 (s, 3H), 3.80 (s, 3H), 3.83 (s, 3H), 5.17
(d, = 11.0 Hz, 1H), 5.50 (d, J = 17.1 Hz, 1H), 6.64 (s, 1H), 6.89-6.99 (m, 3H), 7.07 (t, J = 8.1
Hz, 1H), 7.64 (dd, J = 8.1, 1.5 Hz, 1H), 7.98 (bs, 1H); *C NMR (100 MHz, CDCls) ¢ 32.3, 40.7,
55.9, 56.0, 61.0, 108.6, 112.8, 113.9, 115.3, 122.7, 124.3, 126.6, 129.1, 133.7, 147.5, 147.8,

148.8, 152.5, 165.3; HRMS-ESI (m/z) calcd (C2H2sNOs + H)™: 372.1805, found: 372.1808.

iv) Synthesis of (x) 8-Oxotetrahydropalmatine (2b):

( )

MeO
Pd(OAc),
MeO HN. ° Cu(OAc);*H,0
—_
| OMe NaOAc

DMSO:H,0 (10:1)
OMe  100°C,30h

3b

The cyclic-amide 2b was prepared from vinyl-amide 3b (18.6 mg, 0.05 mmol) according to the
same procedure as used in the synthesis of cyclic-amide 2a to furnish the title compound 2b (8.3
mg; 45% yield) as a colorless solid. 6.4 mg of starting material 3b was also recovered, hence
based on recovered starting material the yield of 2b is 68%. Rf: 0.3 (1:1 EtOAc:Pet. ether); mp
166-168 °C (lit."> mp 167-168 °C; lit.3 mp 169-170 °C; lit.”*' mp 171-172 °C). *H NMR (400
MHz, CDCls) § 2.64-2.90 (m, 4H), 2.96 (dd, J = 15.2, 2.9 Hz, 1H), 3.82 (s, 9H), 3.95 (s, 3H),
4.66 (dd, J = 12.7, 2.9 Hz, 1H), 4.93-5.03 (m, 1H), 6.61 (s, 1H), 6.62 (s, 1H), 6.88 (d, J = 8.3 Hz,
1H), 6.94 (d, J = 8.3 Hz, 1H); *C NMR (100 MHz, CDCls) 6 29.4, 38.2, 39.2, 55.0, 55.9, 56.1,
56.2, 61.6, 109.1, 111.4, 115.2, 122.0, 123.6, 127.5, 127.7, 130.9, 147.9, 148.0, 150.1, 153.1,

162.7; HRMS-ESI (m/z) calcd (C21H23NOs + Na)*: 392.1468, found: 392.1460.
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I11) Experimental Procedures for the Synthesis of (£) 8-Oxostylopine (2c):

i) Synthesis of Amide 5c:

Ve

COOH CHE <
EDC-HCI,
<0:©/\/NH2 ©[0> DMAP
o + o TTHF 45°C f
24 h >
6a 7a 5¢c (o)
q y,

The amide 5c¢ was prepared from amine 6a (0.173 g, 1.05 mmol) and benzo[d][1,3]dioxole-4-
carboxylic acid 7a (0.174 g, 1.05 mmol) according to same procedure as used in the synthesis of
amide 5a to afford the title compound 5c (0.148 g, 45% vyield) as a colorless solid. Rf: 0.4 (3:7
EtOAC:Pet. ether); mp 89-91 °C; *H NMR (400 MHz, CDCls) 6 2.76 (t, J = 6.8 Hz, 2H), 3.60 (g,
J = 6.8 Hz, 2H), 5.87 (s, 2H), 5.95 (s, 2H), 6.59-6.72 (m, 3H), 6.82-6.89 (m, 2H), 6.95 (bs, 1H),
7.46-7.54 (m, 1H); B3C NMR (125 MHz, CDCl3) ¢ 35.5, 41.3, 100.9, 101.3, 108.3, 109.3, 111.5,
115.9, 121.8, 122.0, 122.4, 132.8, 145.0, 146.2, 147.5, 147.8, 163.3; HRMS-ESI (m/z) calcd
(C17H1sNOs + Na)*: 336.0842, found: 336.0836.

ii) Synthesis of iodo-amide 4c:

T Ao wmon I Ao

o DCM rt
12 h
> >
5¢c o 4c (0}

\\ J

s

The iodo-amide 4c was prepared from amide 5c¢ (0.1 g, 0.32 mmol) according to the same
procedure as used in the synthesis of iodo-amide 4a to yield title compound 4c (0.11 g, 79%
yield) as a colorless solid. Rf: 0.45 (3:7 EtOAc:Pet. ether); mp 121-123 °C; *H NMR (400 MHz,
CDCl3) 6 2.92 (t, J = 6.8 Hz, 2H), 3.59 (q, J = 6.8 Hz, 2H), 5.89 (s, 2H), 5.98 (s, 2H), 6.74 (s,

1H), 6.83-6.91 (m, 2H), 6.95 (bs, 1H), 7.18 (s, 1H), 7.46-7.54 (m, 1H); **C NMR (100 MHz,
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CDClg) ¢ 39.9, 40.1, 88.0, 101.3, 101.6, 110.0, 111.6, 115.9, 118.7, 122.0, 122.4, 134.9, 145.0,
147.2, 147.5, 148.6, 163.5; HRMS-ESI (m/z) calcd (C17HwNIOs + Na)*: 461.9809, found:
461.9807.

iii) Synthesis of vinyl-amide 3c:

p
<° Pd,(dba)s
o HN_O P snBuy __AsPhy
DMF, 50 TDMF, 50°C
o)
4c

12 h
J

The vinyl-amide 3c was prepared from iodo-amide 4c (0.11 g, 0.25 mmol) according to the same
procedure as used in the synthesis of vinyl-amide 3a to give the title compound 3c (0.07 g, 83%
yield) as colorless solid. Rf: 0.45 (3:7 EtOAc:Pet. ether) mp 111-113 °C;; *H NMR (400 MHz,
CDCls) 5 2.86 (t, J = 7.3 Hz, 2H), 3.54 (q, J = 6.7 Hz, 2H), 5.14 (d, J = 10.9 Hz, 1H), 5.45 (d, J
= 17.1 Hz, 1H), 5.87 (s, 2H), 5.95 (s, 2H), 6.62 (s, 1H), 6.83-6.99 (m, 5H), 7.45-7.54 (m, 1H);
B3C NMR (100 MHz, CDCl3) ¢ 32.8, 40.8, 101.0, 101.3, 105.5, 110.0, 111.5, 114.2, 115.9, 122.0,
122.4, 130.3, 130.5, 133.6, 145.0, 146.8, 147.3, 147.4, 163.4; HRMS-ESI (m/z) calcd
(C19H17NOs + Na)™: 362.0999, found: 362.0996.

iv) Synthesis of (x) 8-Oxostylopine (2¢):

<° Pd(OAc), <°
o HN__O Cu(OAc)H0_
| F NaOAc

DMSO:H,0 (10:1)
95°C, 48 h

The cyclic-amide 2c was prepared according to the procedure as used in the synthesis of cyclic-
amide 2a after little modifications. Vinyl-amide 3c (17 mg, 0.05 mmol), Pd(OAc), (0.56 mg,

0.0025 mmol), Cu(OAc),-H,O (10 mg, 0.05 mmol) and NaOAc (12.3 mg, 0.15 mmol) were

Dnyaneshwar N. Garad, Ph.D. Thesis Page 28



Chapter 1

dissolved in DMSO (0.5 mL) and H,O (50 pl) in a Schlenk tube. The reaction mixture was
evacuated and filled back with oxygen three times. The reaction mixture was stirred at 95 °C in
preheated oil bath for 24 h under oxygen. Pd(OAc), (0.56 mg, 0.0025 mmol) was added and the
reaction mixture was further heated for another 24 h. It was allowed to cool to room temperature
and diluted with ethyl acetate (25 mL) and washed with warm water (10 mL x 4). Organic layer
was dried over anhydrous Na,SO4, evaporated under vacuo and purified by column
chromatography to afford title compound 2c (6 mg; 35% yield) as a colorless solid. 6 mg of
starting material 3c was also recovered, hence based on recovered starting material the yield of
2c is 55%. Rf: 0.35 (1:1 EtOAcC:Pet. ether); mp 251-253 °C (lit.* mp 250-252 °C; lit.* mp 267-
270 °C); *H NMR (400 MHz, CDCls) § 2.60-2.72 (m, 1H), 2.74-2.93 (m, 3H), 3.03 (dd, J = 15.2,
3.4 Hz, 1H), 4.65-4.73 (m, 1H), 4.81-4.93 (m, 1H), 5.89 (s, 2H), 6.01 (bs, 1H), 6.10 (bs, 1H),
6.56-6.65 (m, 3H), 6.77-6.82 (m, 1H); *C NMR (100 MHz, CDCls) ¢ 29.6, 38.2, 38.3, 55.6,
101.1, 102.3, 105.9, 108.7, 110.8, 112.7, 119.2, 128.6, 128.7, 130.5, 146.6, 146.7, 147.9, 148.0,
162.4; HRMS-ESI (m/z) calcd (C19H15NOs + Na)*: 360.0842, found: 360.0844.

V) Experimental Procedures for the Attempted Synthesis of (x)-Gusanlung D:

i) Synthesis of amide 5d:

o}
PhcoOCI, <
o} NH, Na,CO; [0} HN__O
—_—
<0 DCM:H,0, T

0,
6a 25°C,12h 5d

The solution of amine 6a (0.5 g; 3.03 mmol) and Na,CO3 (0.963 g; 9.09 mmol) in DCM (10 mL)
and water (10 mL) was stirred for 5 min at room temperature followed by the addition of benzoyl

chloride (0.352 mL; 3.03 mmol). The reaction mixture was stirred for 12 h at room temperature
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and diluted with DCM (50 mL). The DCM layer was washed with aqueous solution of sodium
carbonate and brine. It was then dried over anhydrous Na,SO,, evaporated under vacuo and the
crude product was purified by column chromatography to afford an amide 5d (0.424 g; 52%
yield) as a colorless solid. Rf: 0.5 (1:2 EtOAc:Pet. ether); mp 113-116 °C; *H NMR (400 MHz,
CDCl3) 5 2.78 (t, J = 6.8 Hz, 2H), 3.59 (q, J = 6.8 Hz, 2H), 5.87 (s, 2H), 6.11 (bs, 1H), 6.60 (dd,
J=17.8,15Hz 1H), 6.67 (d, J = 1.2 Hz, 1H), 6.69 (d, J = 7.8 Hz, 1H), 7.29-7.37 (m, 2H), 7.38-
7.44 (m, 1H), 7.59-7.65 (m, 2H); *C NMR (100 MHz, CDCl5) ¢ 35.4, 41.2, 100.9, 108.4, 109.1,
121.7, 126.8, 128.6, 131.4, 132.6, 134.6, 146.2, 147.9, 167.5; HRMS-ESI (m/z) calcd

(C16H1sNO3 + H)™: 270.1125, found: 270.1102.

i) Synthesis of iodo-amide 4d:

N
° I

l,, AgOTf
<O:[::r/:l (o) 2, Ag o IHN o

DCM, rt
12h
5d 4d

. J

Ve

The iodo-amide 4d was prepared from amide 5d (0.404 g, 1.5 mmol) according to same
procedure as used in the synthesis of iodo-amide 4a to furnish the title compound 4d (0.474 g,
80% yield) as a colorless solid. Rf: 0.5 (3:7 EtOAc:Pet. ether); mp 128-132 °C; *H NMR (400
MHz, CDCls) § 2.93 (t, J = 6.8 Hz, 2H), 3.59 (g, J = 6.8 Hz, 2H), 5.88 (s, 2H), 6.22 (bs, 1H),
6.72 (s, 1H), 7.17 (s, 1H), 7.31-7.39 (m, 2H), 7.40-7.46 (m, 1H), 7.65-7.72 (m, 2H); *C NMR
(100 MHz, CDCl3) ¢ 40.0, 40.3, 87.9, 101.6, 109.8, 118.7, 126.9, 128.6, 131.5, 134.5, 134.8,

147.3, 148.7, 167.6; HRMS-ESI (m/z) calcd (C16H14N103 + H)*: 396.0091, found: 396.0058.
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iii) Synthesis of vinyl-amide 3d:

12 h

¢ ¢
sz(dba)3
o NSO+ A snBug _ AsPhy
TDMF, 50°C
4d

The vinyl-amide 3d was prepared from iodo-amide 4d (0.395 g, 1 mmol) according to the same
procedure as used in the synthesis of vinyl-amide 3a to obtain the title compound 3d (0.266 g,
90% vield) as colorless solid. Rf: 0.5 (3:7 EtOAc:Pet. ether) mp 124-126 °C; *H NMR (400
MHz, CDCl3) 6 2.87 (t, J = 6.8 Hz, 2H), 3.54 (g, J = 6.8 Hz, 2H), 5.14 (d, J = 11 Hz, 1H), 5.46
(d, J = 17.4 Hz, 1H), 5.87 (s, 2H), 6.15 (bs, 1H), 6.60 (s, 1H), 6.90 (dd, J = 11, 17.4 Hz 1H), 6.95
(s, 1H), 7.30-7.37 (m, 2H), 7.38-7.44 (m, 1H), 7.60-7.67 (m, 2H); 3C NMR (100 MHz, CDCls) §
32.7, 41.1, 101.0, 105.6, 109.8, 114.5, 126.8, 128.5, 130.3, 130.5, 131.4, 133.6, 134.5, 146.8,
147.5, 167.6; HRMS-ESI (m/z) calcd (C1gH17NO3 + H)™: 296.1281, found: 296.1259.

iv) Attempted Synthesis of (+)-Gusanlung D (2d):

Pd(OAc), 0
CU(OAC)Z Hzo <0
NaOAc

DMSO:H,0 (10:1)
100-140 °C, 48 h 2d

For the synthesis of (x)-Gusanlung D (2d), the vinyl-amide 3d (15 mg, 0.05 mmol) was
subjected to a standard procedure used in the synthesis of cyclic-amide 2a, but only a trace
amount of compound was formed [HRMS-ESI (m/z) calcd (C1gH1sNO3 + H)*: 294.1125, found:
294.1123] even after heating at 100 °C for 48 h. Most of the starting material 3d was recovered
from reaction mixture (12 mg; 80%). However, heating the reaction mixture at higher

temperature (140 °C) resulted in the decomposition of the starting material.

Dnyaneshwar N. Garad, Ph.D. Thesis Page 31



Chapter 1

1.9. References:

(1) (a) Gatland, A. E.; Pilgrim, B. S.; Procopiou, P. A.; Donohoe, T. J. Angew. Chem. Int. Ed.
2014, 53, 14555. (b) Grycova, L.; Dostal, J.; Marek, R. Phytochemistry 2007, 68, 150.

(2) (@) Ma, L.; Seidel, D. Chem. -Eur. J. 2015, 21, 12908. (b) Gadhiya, S.; Ponnala, S.;
Harding, W. W. Tetrahedron 2015, 71, 1227. (c) Meissner, Z.; Chrzanowska, M.
Tetrahedron: Asymmetry 2015, 26, 225. (d) Gao, S.; Cheng, J.-J.; Ling, C.-Y.; Chu, W.-J,;
Yang, Y.-S. Tetrahedron Lett. 2014, 55, 4856. (e) Miyazawa, M.; Tokuhashi, T.;
Horibata, A.; Nakamura, T.; Onozaki, Y.; Kurono, N.; Senboku, H.; Tokuda, M,
Ohkuma, T.; Orito, K. J. Heterocycl. Chem. 2013, 50, E48. (f) Harada, R.; Nishida, N.;
Uchiito, S.; Onozaki, Y.; Kurono, N.; Senboku, H.; Masao, T.; Ohkuma, T.; Orito, K. Eur.
J. Org. Chem. 2012, 366. (g) Wakchaure, P. B.; Easwar, S.; Argade, N. P. Synthesis 20009,
1667. (h) Chang, J.-K.; Chang, N.-C. Tetrahedron 2008, 64, 3483. (i) Orito, K,
Miyazawa, M.; Kanbayashi, R.; Tokuda, M.; Suginome, H. J. Org. Chem. 1999, 64, 6583.
(1) Matulenko M. A.; Meyers, A. I. J. Org. Chem. 1996, 61, 573. (k) Chrzanowska, M. J.
Nat. Prod. 1995, 58, 401. (I) Yasuda, S.; Hirasawa, T.; Hanaoka, M. Tetrahedron Lett.
1987, 28, 2399. (m) Iwasa, K.; Gupta, Y. P.; Cushman, M. J. Org. Chem. 1981, 46, 4744.
(n) Pandey, G. D.; Tiwari, K. P. Tetrahedron 1981, 37, 1213.

(3) Davis, F. A.; Mohanty, P. K. J. Org. Chem. 2002, 67, 1290.

(4) (a) Oh, K. R.; Kim, G. Bull. Korean Chem. Soc. 2012, 33, 3933. (b) Schultz, D. M
Wolfe, J. P. Synthesis 2012, 44, 351.

(5) Rosewall, C. F.; Sibbald, P. A.; Liskin, D. V.; Michael, F. E. J. Am. Chem. Soc. 2009, 131,

9488.

Dnyaneshwar N. Garad, Ph.D. Thesis Page 32



Chapter 1

(6) (a) Manna, M. K.; Hossian, A. Jana, R. Org. Lett. 2015, 17, 672. (b) Grigorjeva, L.;
Daugulis, O. Org. Lett. 2014, 16, 4684. (c) Zhu, C.; Wang, R.; Falck, J. R. Chem. Asian J.
2012, 7, 1502. (d) Scarborough, C. C.; Stahl, S. S. Org. Lett. 2006, 8, 3251; and references
cited therein.

(7) McDonald, R. I.; Liu, G.; Stahl, S. S. Chem. Rev. 2011, 111, 2981.

(8) Davis, T. A.; Hyster, T. K.; Rovis, T. Angew. Chem. Int. Ed. 2013, 52, 14181.

(9) Selected references: (a) Jayakumar, J.; Cheng, C.-H. Chem. -Eur. J. 2016, 22, 1800. (b)
Zhang, X.; Li, Y.; Shi, H.; Zhang, L.; Zhang, S.; Xu, X.; Liu, Q. Chem. Commun. 2014,
50, 7306. (c) Quinones, N.; Seoane, A.; Garcia-Fandino, R.; Mascarenas, J. L.; Gulias, M.
Chem. Sci. 2013, 4, 2874. (d) Xu, X.; Liu, Y.; Park, C.-M. Angew. Chem. Int. Ed. 2012,
51, 9372.

(10) Kim, G.; Lee, K. Y.; Yoo, C.-H. Synth. Commun. 2008, 38, 3251.

(11) Mulholland, G. K.; Zheng, Q.-H. Synth. Commun. 2001, 31, 3059.

(12) (a) Diao, T.; White, P.; Guzei, I.; Stahl, S. S. Inorg. Chem. 2012, 51, 11898. (b)
Steinhoff, B. A.; Fix, S. R.; Stahl, S. S. J. Am. Chem. Soc. 2002, 124, 766.

(13) Steinhoff, B. A.; Stahl, S. S. J. Am. Chem. Soc. 2006, 128, 4348.

(14) Perkin, W. H.; Jr., Ray, J. N.; Stauton, J.; Hist, M.; Robinson, R. J. Chem. Soc. 1925,
127, 740.

(15) (a) Kessar, S. V.; Singh, P.; Vohra, R.; Kaur, N. P.; Venugopal, D. J Org. Chem. 1992,

57, 6716. (b) Nimgirawath, S.; Ponghusabun, O. Aust. J. Chem. 1994, 47, 951.

Dnyaneshwar N. Garad, Ph.D. Thesis Page 33



Chapter 1

1.10. Spectra:
'H NMR Spectra

™S
8 I B88IY RBBY 2 88883 BRK 8
NN EERENS 8666 s w @ o5 5o es PNENEN
| N} e ) (e | R N ’f’
= < HN (6]
o
o
OMe
w9
s %9 52
o
i OMe
1.97
i ——
T T T T T T T
3.65 3.60 3.55
[
!
[
JL JUL N | !
0.95 1.00 1.04 1.97 2.04 3.123.04 2.07
— (] [ W] Ll (M) [
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
Chloroform-d
« ~ o Wwom w0 N~ M O M = :
8 SRL3 @8 B§KE8 & 83 3 =¥ s 8 5 0o
8 355¢ 8§ 838y 8 88 8 ~ S 4 @ S
< 8333 S 949489 5 S8 = NS 3 8 S
| Vo Vile— 1l | = I |
iy
e Ao ™ " n ™ e e r " ™
4 V N st S v Ll L " iy i oy A Ll Mol b by | Moy
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o]

Dnyaneshwar N. Garad, Ph.D. Thesis Page 34



Chapter 1

'H NMR Spectra

Chlorolformd

16°C
€6 NV

S6 N\\

85
695°€:
19°¢:

2t/
£Le
wel

18'G—

v
mmﬁ
2|
0L~y
80

0T'L:
8T,
6T,
€9'L—
mm,T\

16—

HN

OMe

OMe

4a

Chloroform-d

1.04

1.03 1.02
| —

| S—

€9°L:
€91
99'L:

9L~

2.00

I

3.09 2.10

2.04
=]

1.03 1.031.04 0.99
=]

0.93

—

HH

=]

L

3C NMR Spectra

Chloroform-d

Nmmm
ot OQW.

09—

0219—

69'9L:
- 00°LL
43 R\\

€0'88—

LGT0T—

¥L'60T—

0g'GTT—
0L'8TT—
6L722T~
9EVeT—
09921

S67ET—

3.5
peeal
egayt
05°25T—

8C'G9T—

YULT—
o' LyT—

€58rT—

05'26T—

T T T T T T T T T
152 151 150 149 148 147 146 145 144

T
153

o

190 180 170 160 150 140 130 120 110 100

200

Page 35

Dnyaneshwar N. Garad, Ph.D. Thesis



Chapter 1

Chloroform-d

'H NMR Spectra

10
Q
. o
- 000— ® o - S
= =
o (@)
o 3
z o 8976—
T a
0L0v—
3] 0
o El
o O q .
N 0095—
0TT9—
©
N
8
mm.ww - . mu m
oge] 2 5
3- 00U~
€5°€ s
mmﬂ o Fu o
156+ HIWM ST
esel e
m@.& - ER -
18°¢€ 3 o f,
<
5600T—
9 09'50T—
LL°60T— Lg
STHIT Ty 0ET— -
\ .
e ) 8ZSTT— €9/ owT\
o_w
oret |
) LT r
Er'sy 3 E TEHeT— ’
et 2 2dkw R y9'EET—
r0ET— o
o s 8 OEET— [=
_fo “ te
©
£9°9 8 o L9907y b
18'9 © 2 TE YT
069 3 8Lf¢ ]
269 © ° Lr7sT— o
o 8 87 rs
9%6'9 © S2FQ
169 1
0L ko ©
101 8 ..ru 97'59T— r
. n
60'L S F~ (&)
6T'L 51 D
8% T -
b 7] xm
%L 5 SIES
g
o o 19'99T—
) T LT—
1E2 . = e At
N > Lyt
n
3 S
o —

Page 36

130 120 110 100

170 140

200

Dnyaneshwar N. Garad, Ph.D. Thesis



Chapter 1

o)

Chloroform-d

'H NMR Spectra

w8e—
6e—

097
97
97
97
6877
Nw&\

659
09°9
B9
189
69
vool
6T~

OMe

OMe

2a

o
8
o.
£
9
g

S —

4.14

| S E—

3.35
ol

1.00

0.97

[}

2.05

2.04

1.09

[

1]

o]

]

3C NMR Spectra

Chloroform-d

88'6¢—

1788
8T6E—

8255
2295~

1ST9—

69'9L.
00°LLF
Hm.K\

S0'T0T—

TT90T—
85'80T—

€CSIT—
v0'ceT—

€5ECTS

9,°82T—
¢80ET—

om,@ﬁ
59 cﬁw.
0T'05T—
TUesT—

09'29T—

9,°82T—
B.mNT\

¢80eT—

05'9¥T:
mw.wiW

T
130

T
135

T
140

T
145

Fo

Page 37

1S

Thesi.

D

d, Ph

N. Gara

Dnyaneshwar



Chapter 1

'H NMR Spectra

T™S

Chloroform-d

18T
£8'CF
68 N\\

9G°€:
99°€
L9°€
89°¢:

6L€:
08¢

[73

SL W#
s

96
S0'L~,
L0,
60°L-
6TL
€9'L
mm&W
9 »H\
§9'L-

86'L7

MeO

HN

MeO

OMe

5b

OMe

Lk u

/,

2.85

©
@
0
Y
©
N

|
]

1.91
=]

5.96 2.85
L=N=

2.94
=]

1.05
[y

1.00
—

0.91
—

3C NMR Spectra

Gre.as e

Chloroform-d

69'6¢—
L6'7E—

S807—

mm.mm
S.omw.

1079—

00LL—

9ETIT:

XQSW
¢SIT—
19027~
SLeeT~
SEVCT
09921

65TET—

8Y'LyT:
99'LyT:
S0'6vT—
0G'25T—

L0°G9T—

£8'55
g.mmw
1095—

S0°6rT—

149

Fo

T T
180 170

T
190

200

Page 38

1S

Thesi.

D

d, Ph

N. Gara

Dnyaneshwar



Chapter 1

& 0o kS Fe
g c
) ) F2 3
= = ° 3
O O F
E E©S
(@) Fo Eo «
i 3 £
b E [9)
b Euo § kg
I 0 3 )
— Fe E 3
) o
o E Sl6e— Fo - £
4 <
Fo 3
o 0 E
Fu
E n
o © E &
o} [5) o 0655 0655~ °
2 2 Fo gomw Y095— £g 3
9195 9T95~ E
57 F PIT9— 0 - Fe
w2t 57 T
w7d =S 3 ]
19
2 3 z 3
ot £ gyor
99¢ Fo 2- oo,kw F
89e— e 5 €L °
uek - KE 5 8
E,& “E E
8% - ,m Fe 80'88—
E Eo
“ ® F ’
S |E 4
NI Fu 3
L8 < £
7\7 E £ i
[
N Q E
Fo ko
g |k o =
S, E 9 TI— -
34 :
3@ 5 SESTT— E
9|k Ewo
© i 0LT2T 25
Q N =
E8 3 - ES -
nL LeveT F
s lf o1 E
" o 65°9¢T
| ] ~ 1
-8 3 Ly E8
E E S07el— osuT—= E
MMJ F& 1T8yT— & FS
® g1k 05 4T 3
9 3 1Tt o E
3 o ke 8E6rT— y - 8
£ odf2 . 8E'67T— S
R YA &] 9525T— E b
g are E ES 3
m 6T'L: - o
€92 F2 3 Ee
© 8qF" © g i
= o - =AE s s = E
O 3 E g
D 6L - &1ke @ =
o e Q. £ )
%) E wn 95°25T— 3 3
(=]
i SR < a
S 2
> Pz 33
IS )
I ’
%)
i r -

Page 39

1S

Thesi.

D

d, Ph

N. Gara

Dnyaneshwar



Chapter 1

YEcE—

°L0r—

™S
8
T
MeO
HN O
MeO
| OMe
3b OMe
“ J‘ N |
I
|
’ A
2‘5 ) 2‘0 ) 1‘5 ) 1‘0 ) 0‘5 ) O‘O )
"8 40 s0 20 10 0

o] ) 8
17'59T— 9 - E
15°25T—

68'55— -
S E Eo
% ~ o Y0T9— ©
o2} S1fo
€6 NG E
95E
85°€ E - FR
65¢ o £ 899L
19%¢ &fo S. 00 3
veS o S oz °
IR a—— EL3 2 1eUL @
08 & ook 5
€9 FS E
% E ks
i © 9 L
J <
(v
= [=]
| S
S
? 3 ]
12 5
et ~ = 87 1580T— Fo
o “7F 28201 -
87 0o 06°ETT— = 3
55—~ - = C1kHs e
[=}
; E 6921~ N _ B
] TE9eT~ s z E
S (=] .
1 Fo La9ct— 16 2T~ -
b 60621 Wiv— g 8
£L8eT— = -
79 @/ ) £
. $ )
WM . 84 6L87T— 2 e
= F - —
6 o 15247 E
T 1693 - - SdEe LT o
- = SE~ P -
5. e — ] 6L8vT— 8 - o
s L0L F 1525T— - -
5 60 . E
5 6rL Eo )
: aqF™ - 3
91— - a7 LS

86'L—

1.01
| —
T
8.0
153

8.5

'H NMR Spectra
3C NMR Spectra

Page 40

1S

Thesi.

D

d, Ph

N. Gara

Dnyaneshwar



T™S

Chapter 1

Chloroform-d

'H NMR Spectra

- 00— FS
[ [ E
> >
(e} [e] F2
(@] E
Eo
3
=z
F2 26— -
a E
N ° 1188 _
EQ 0z6e— =
o (@] £
897 o] ]
Uz S S o
Uz Foi
97 _
62 ﬂ F 6675 _
d S5+ -
M w RS mm@&
987 0295 _
62 E 15197
867 -
Fo
o b <
we— o £ 890Ly
S6e— ato 2- U+
< o ol
5 1EL
E [§
oy 0
9 QA o b
197 87
mﬁv Al F
%7 o
16 «W &1k
%7 b
Ewo
n TM
60'60T~
r E 8 TIT—
Fo Fo 8TSTI— F
© ©
E E yG— [ Se]
072T— Bos 9
o-fe Fu [Zrane
www 199— 2 k3 85f¢ st b
@ 99/ 1 STE souz1)
b o7 68051~
mm,@l N o4 fo £6'56— [o
frf e et
ar1/ b E 0795
© Eo
Fo ~ oy
E ] 8611 Ex
TE o 0T05T—
2 ka Fo — resT—
4Fe @ [S] [
69— ] E (D]
s69-<\ i |F o
o Fo (2] 79— ]
E 0
" x
. L =
= = Z
Eo %)
o -

Page 41

T T T T T T T T T T T T
150 140 130 120 110

160

T

Dnyaneshwar N. Garad, Ph.D. Thesis



Chapter 1

'H NMR Spectra

Chloroform-d

SL'T
o».NW
8LC

1S°E
65€—¢
19°€
9

18'G5—
S6'G"

199
£9°9
899
oL'9
89~

98'9:
189
S6'9:

612/
6V'L~
05'L
152

HN

5¢c

H20 in .CD(J3

.

I

U

|

2.24

2.19

=]

2.14
Hu
6.0

2.143.20
e

1.00
=]

—

—

T
0.0

T
15 1.0 0.5

20

25

4.0 35

4.5

7.0 6.5 55 5.0

8.5

9.5

3C NMR Spectra

Ly'Ge—

12—

m#.w\r
No.tyW
8T'LL

06°00T-
NNAQHW

0£'80T—
0e'601/
23
S6'STT—
28°TeT

ozt
weet]

9L°2eT—

9L YT

€EE9T—

€0°GrT—

6T'WT—

Sy LyT—

9L LyT—

145.0 1445

1475 1470 1465 146.0 1455

148.0

149.0 148.5

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

Page 42

1S

Thesi.

D

d, Ph

N. Gara

Dnyaneshwar



Chapter 1

Chloroform-d

'H NMR Spectra

g g
N
o O
S} 0
S
Z
. o
_ S
O 1)
- 8
c. 3
< 0666
g eror
o_ O
4 °
&
0
&
06
Ea 57
7 NTES
62 °
o
- o m 699U
> - 00LF
: @ 5
el -= = 8" 5 wul
09°€ o 5
29 5
2 86'28—
0
< 0€'T0T
H@.HOHW
o
E 86'60T—
SSTIT
3 .
18°5TT—
0 89°8TT—
5
00221+
w ]
o
686~ 87 0
o > <4 )
86'S = aE2 ¥
3
o
9BVET— 20'5rT— g
3
L9 w0
589 © 20'SKT g
189 J NieAN 3
: 1 iy
mm.w —J 7 oL o
- 7 ¥ 5
569/ M JER o S
8L 3=
orL) 3= @
8v'L: o s
6L WM 0 -
05'L 4™ = 9r'g9T— o
152 [S] &
& @ 2T LrT—
€51 ° o . 0
] S W LyT— I
3
R o
@
0 M M
@
Z 2
SS8YT— g
. O
E )
-

Page 43

T T T T T T T T T
130 120 110 100

140

T

150

T

T T T
180 170 160

T

190

Dnyaneshwar N. Garad, Ph.D. Thesis

T



Chapter 1

Chloroform-d

'H NMR Spectra

m. Lo
VN °©
o O E
(@) [w
S
S £
I ]
_ i
0
09T— 3 - - 182e—
o_ O
NS Fe 9L '0v—
&
fo
o
82 F
%NW tlj el
¥ o
187 =
15°€
—Lwn
ey ﬂ'ﬁ dfs £ oo
95°€ s S\
. - 0oL
g F 5 00U
S L
Fo 5
<
0
F<
00'70T -
[ F2 setor]
© _
aret = 87 29S0T
F T00TT~.
[ N 05'TTT—
et = ope 8T HIT—
18511
~_F 96'T2T
185— od jrseay
S6'5" dfo
<
£ LT0ET L
299 zsoer)
89 ke 85EET~
. a_ L
989 87 3
189 w b
06'9 ~
T6'9-F ——— ; ° 00'SPT~ r
6'9 r Fr~ 9L~
69 _ TELWT 00'5HT— F2
P - F 2Lyt =
8L Fo o
o7 L% - Sk £
052
S.k F ©
E o fe
) EV'E9T— =
& 9
e F
E o 9197 T—
, 7 &
0
o @ Y € T—
N F M Wt F
@
, e Z &
# d @)
™
—

Page 44

180 170 160 150 140 130 120 110 100

190

Dnyaneshwar N. Garad, Ph.D. Thesis



Chapter 1

Chloroform-d

'H NMR Spectra

Page 45

N
o © F3
) O
°
z S kS
1} 0
N Fo
o_ O 62—
N Eo 19'62
=
[ 3 0z'8e
m Fuo osee] 0z8e—
o -
9 E 0e'8e—
I
Fo
I
19'55—
9z 3
19 Lo
LT _fe
6L © ?
€82 2F
<
%.NW S
987 81k £
20t - 8 oou
r <]
S0 <
90 5
Fo
]
°
F<
F 0T'T0T—
89 © 82201/
o Fe ¥6'50T— 09'82T—
MM.W 1 99'80T— 59'82T—
'\ o5 F 08'0TT—
8y & €171
98y Al fo
837 w0
887 TZ6TT—
06'F- F
Fa 09'82T
6
sog1>
F 05061/
®
68'5— Qatg
09— - 23f6
or'9— - ]
3 95°9YT
. 0L'9vT
659
199 3 Fe S8LYT
299/ @ 1 YO'8YT
619+ -— 8af
89/ - ] 95T~
o B
N |- 0L'9vT—
)
£ [S] 8€°79T—
[<5]
Eu Q.
~ (92]
F Y S8'LYT—
P08y T—
°
S
Fo O
@ ™
-

— T

128.5

T

110

120

T

T
129.0

U

140

147
160

170

180

190

Dnyaneshwar N. Garad, Ph.D. Thesis



Chapter 1

Chloroform-d

'H NMR Spectra

9L'C
mN.NW
m».mx\

hm.m
mm.mW
09°¢:
9

18—

m9—

099
199
299
99'9

ad
89'9
0L'9
6T°L:
€L

9E'L:
6ELF
7L
[

9°L
€9°L;

HN
5d
™S

H20 in CDCI3

JU

2.00

2.00

—

Chloroform-d

=]

| —

0.94 2.02

0.99
L

196 1.98
=)

—

3C NMR Spectra

6E'5E—

YT Tr—

26'00T—

66'80T—
o601/

L9T2T—

AN
95821
Wier—
852€T

65verS

YT WT~
06'LyT—

Sv'L9T—

Page 46

20

30

40

50

60

70

80

90

100

M

110

120

130

140

150

160

170

180

190

"

Dnyaneshwar N. Garad, Ph.D. Thesis

200



Chapter 1

'H NMR Spectra

Chloroform-d

16°C
mm.NW
S6°C
95°€:
85°€E

65€—F
ﬁo.m\\

w9—

°L9—
JAWE
mﬂ.n#
€E'L:
SE'L:
1817
0F'L:
'L
'L

B.NH\
69°L:

HN

4d

H20 in .CDO3

1

N

2.00

212

=]

2.16 1.02 097 2.04
== =] I

2.02

=]

=]

L

=]

3C NMR Spectra

L6'6E—F
mm.ov\

- 00LL—

Chloroform-d

S6'28—

€9'T0T—

L1'60T—

S9'8TT—

18921~
§582T~
SYTET~
9 PET
Y8 YETS

62T
69'87T—

09'29T—

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

Page 47

Dnyaneshwar N. Garad, Ph.D. Thesis



Chapter 1

'H NMR Spectra

Chloroform-d

S9T—

§8¢
B,Nv
68°C:

mmm
€5 mW

S5°€
1S°E:

s
ST mW
'S
8y mW

18'5—

ST'9—

099
989
68'
16'9
€69
56'9-¢
6T'L
L
6L
SELF
6E'L
L
'L
9L
YL

HN

3d

2.00

2.14

0.97

0.99

0.93 2.08
=]

I

1.00 1.01

W

214 227

=]

=]

=]

=)

=]

==

=]

3C NMR Spectra

Chloroform-d

197¢e—

TTTr—

899/
" 00LL
T1€°LL

0 T0T—
29'S0T—
L1°60T—

WYIT—

18'92T-
om.mwaw
om.omav.
05'0ET T
Ov'TET
mo.mmﬁ\
6V'VET

E8°9YT
mv.QHW

1S19T—

T

130

T

135

T

T
100

T
110

T
120

T
130

T
140

T T T T
160 150

T
170

T T T T
190 180

T
200

Page 48

Dnyaneshwar N. Garad, Ph.D. Thesis



Chapter 1

HRMS Spectra
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Quinazolinone Directed C—H Bond Activation

2.1. Abstract:

The existence of N-heterocycles is an essential structural feature in several biologically active
compounds, which encourage organic chemists to develop novel strategies for their synthesis.
Among the various N-heterocyclic scaffolds, quinazolinones are one of the important classes of
compounds found in many natural products and drugs. Quinazolinone derivatives possess a wide
range of medicinal and pharmacological activities. The need to synthesize a library of various
quinazolinone compounds and derivatization of quinazolinone natural products for SAR studies
has stimulated the development of step and atom economical processes such as C-H bond
activation. Given their importance, we have developed C-H bond activation protocols for

quinazolinones using substrate itself as a directing group.
2.2. Background:

Several classical synthetic routes for the construction of quinazolinone core are known in the
literature which uses cyclization reaction of 2-aminobenzoic acids and aldehydes or their
derivatives.® Albeit some advanced synthetic strategies for constructing quinazolinone core are
reported, but very few strategies are known where quinazolinone compounds itself were
functionalized by metal catalysis.? Quinazolinone scaffold contains two nitrogen atoms within
their structure which prompted us to use it as an intrinsic directing group for metal catalyst for
proximal C—H bond functionalization. Accordingly it was successfully applied for C(sp?)-
arylation and C(sp?)-acetoxylation. Based on these transformations, this chapter is divided into

two sections as follows.
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Section 1: Pd-Catalyzed Regioselective Mono-Arylation: Quinazolinone as the Inherent

Directing Group for C(sp®)-H Activation

Section 2: Diversification of Quinazolinones by Pd-Catalyzed C(sp®)-Acetoxylation

2.3. References

1. (a) Kshirsagar, U. A. Org. Biomol. Chem. 2015, 13, 9336. (b) Mhaske, S. B.; Argade, N. P.

Tetrahedron 2006, 62, 9787.

2. Rohokale, R. S.; Kshirsagar, U. A. Synthesis 2016, 48, 1253.
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Chapter 2
Section 1

Pd-Catalyzed Regioselective Mono-Arylation: Quinazolinone as the

Inherent Directing Group for C(sp®)-H Activation
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Section 1: Pd-Catalyzed Regioselective Mono-Arylation: Quinazolinone as the
Inherent Directing Group for C(sp?)-H Activation
2.1.1. Abstract:

The Pd-catalyzed quinazolinone-directed regioselective mono-arylation of aromatic rings by C—

H bond activation has been developed. The developed protocol uses diaryliodonium triflates as
an aryl source which also ultimately serves as an oxidant for Pd-catalyst. A broad substrate scope
is demonstrated for both quinazolinones as well as diaryliodonium triflates. Use of base was
found to be crucial for this transformation, unlike the known nitrogen-directed arylations. All the
novel quinazolinones of biological interest were synthesized using operationally simple Pd-
catalyzed arylation reaction. The Pd(I1)/Pd(IV) mechanism has been proposed for the developed

protocol.

0 (0]
R' R4 R!
R2 N + ©®/Ar —»Pd(“) R2 N
P | Na,CO; N/
S)
N R oTf G R®
H 22 examples R* O
(upto 86% yield)

This work has been published in J. Org. Chem. 2017, 82, 6366.
2.1.2. Introduction:

More than 70% of the top branded drugs contain at least one heterocyclic nucleus as a part of its
overall skeleton. In particular, many synthetic drugs, bioactive natural products, and
agrochemicals encompassing nitrogen-heterocyclic scaffolds are most common.* Quinazoline is
a nitrogen-containing fused bicyclic framework which is also known as benzo-1,3-diazine or 1,3-
diazanaphthalene. It is naturally occurred in Chinese plant aseru and first isolated from the same

plant.® The properties of quinazolines varies with substituent attached to them at various
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positions. Several derivatives of quinazolines such as ketone substituent attached to it known as
ketoquinazoline or quinazolinone are reported in the literature. Quinazolinones are one of the
important nitrogen-containing heterocyclic motifs found in more than 200 natural products as
well as in several drugs (Figure 1).? The quinazolinone derivatives possess wide range of
pharmacological properties such as antimalarial, anticancer, antimicrobial, anti-diabetic, anti-
inflammatory, antihypertensive, anticonvulsant, diuretic among others."® The synthesis of
various natural, and synthetic derivatives of quinazolinones has acquired immense attention by

the scientific community because of their wide range of biological properties.*?

The application of C—H bond functionalization to form new carbon-carbon (C—C) and C—

heteroatom (C—X) bonds in the synthesis of structurally complex natural or unnatural

compounds has emerged as a powerful tool, and it is an area of contemporary interest.* It

provides direct access and delivers more atom economical paths in the synthesis of complex
structures as compared to the traditional organic synthesis. Until now several C—H activation

reactions in the organic compounds have been developed with or without directing groups.*

N HOZC
d Q Cﬁ Hj ﬂ
)\ Me raltitrexed
™
methaqualone thymitaq (tom.udex )
(sedative/hypnotic) (anticancer) (anticancer)
N
KI @ﬁ (LA
N NH
/
\ R
sclerotigenin (R = H)
circumdatin F (R = Me)
bouchardatine luotonine A asperlicin C (R = 3-CH,-indole)

\ J

Figure 1. Selected quinazolinone drugs, and natural products.*?
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The metal-catalyzed inter- or intramolecular aromatic C—arylation is one of the widely used key-
step in the total synthesis of several natural products," and the late-stage derivatization of
bioactive molecules.*?

2.1.3. Literature Review:

The literature survey revealed that, although there are several classical methods available for the
synthesis of novel quinazolinone derivatives,>* there are only few reports in the literature where
quinazolinone compounds itself were functionalized by metal catalysis. Pd-catalyzed methods

such as acetoxylaton/methoxylation were reported by Reddy et al. (Scheme 1, eq 1).°

3)

arylation

acetoxylation/
methoxylation

_
'
R = Ac/Me ;)@

Reddy®

[Rh)/[Ru]
aza-Michael

R? N:L

6) . . —
Kaliappan
Peng'4c (8)

Peng'4 & Xuan14"

Scheme 1. Known transition-metal catalyzed functionalization of quinazolinone compounds

Intramolecular aerobic oxidative C—H amination of quinazolinones and their potential utility has

been demonstrated for fluorescent materials by Wu and co-workers (Scheme 1, eq 2).” Besson
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and co-workers reported Cu/Pd catalyzed microwave-enhanced regioselective arylation of (2H)-
quinazolin-4-ones with aryl iodides (Scheme 1, eq 3).® Pd-catalyzed syntheses of
phenanthridine/benzoxazine fused quinazolinones were reported using three different
approaches. Intramolecular biaryl cross-coupling on two distinct skeletons by C—H bond
activation with bromoarenes was reported by Hajela group (Scheme 1, eq 4i),” Banerji et al.

developed regioselective intramolecular oxidative C—H amination from cyclic strained amides of

quinazolinones with only linear fusion of two heterocyclic cores (Scheme 1, eq 4ii),'° and
cascade C-H/N-H arylation for modular synthesis of quinazolinone fused phenanthridinones
was reported by Peng group (Scheme 1, eq 4iii).'! Few other metal catalysts such as Ru, Cu and

Rh were utilized in the quinazolinone/quinazoline functionalization. Rhodium-catalyzed
regioselective direct C—H amidation by sulfonyl azides as the amine source to provide a variety

of amide-functionalized 2,4-diarylquinazolines in high efficiency was reported by Peng et al.
(Scheme 1, eq 5),"? Cu-catalyzed C—H functionalization/two-fold C—N bond formation protocol
for the syntheses of N-aryl benzimidazoquinazolinones was developed by Kaliappan (Scheme 1,
eq 6), and Rh/Ru-catalyzed cascade C—H activation/aza-Michael reactions with olefins was
developed by Peng and Xuan group independently (Scheme 1, eq 7).%%® Additionally, the

annulation reaction with alkynes was reported by Peng and co-workers (Scheme 1, eq 8).**

2.1.4. Origin of the Work:

In literature, few reports on quinazolinone functionalization with transition metal catalyst were
known but to the best of our knowledge quinazolinone scaffold has not been used as an inherent
directing group for metal-catalyzed C—H activation process until this report. In this account, we

have planned to use quinazolinone scaffold as an inherent-directing group for the metal catalyst
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for intermolecular arylation of quinazolinone compounds using diaryliodonium triflates as aryl

Ssource.

2.1.5. Objective of the work:

Due to the extensive occurrence of quinazolinone nucleus in bioactive organic compounds, we
envisioned that the quinazolinone core could be exploited as the inherent directing group for the
metal-catalyzed regioselective arylation, which would afford novel quinazolinones for structure-
activity-relationship (SAR) studies. Herein, we report a protocol for the arylation of various

quinazolinones.

2.1.6. Result and Discussion:

The optimization of the protocol was carried out by screening various reaction parameters. Initial
attempts on N—H free quinazolinone 1 as the substrate with various aryl sources 2/2a-c failed to
produce coupling product 3. Hence, we planned to study the protocol on various N-substituted
quinazolinones. The N-methyl substituted quinazolinone substrate 1a on treatment with halo-
benzenes 2, Pd-catalyst, and other additives did not furnish the expected product 3a under
various reaction conditions (Table 1). These observations suggest that more activated arylation
reagent was necessary for this transformation. Diaryliodonium salts are well-known compounds
as an arylation reagent due to their easy accessibility, and high reactivity.® Because of their
highly electron-deficient nature, and good leaving group aptitude, they serve as versatile
arylation agents with various metal catalysts.'® Hence, we changed the phenyl source from halo-
benzenes to diphenyliodonium triflate 2a, and to our delight the expected product 3a was formed
in 35% yield (entry 2). The variation in solvents did not show the formation of expected product

(entries 3, 4). Also the use of unsymmetrical iodonium salt 2b or iodonium salt 2c having
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different counterion gave lower yields (entries 5, 6). We did not observe the expected product 3a
in the absence of a base (entry 7), and the substrate 1a was recovered unchanged, which suggests

that the use of base is crucial for this reaction. This observation is in contrast to the reported Pd-

Table 1. Optimization Studies

0
NR Pd(OAC), (10 mol%) nR
+2/2a¢c T >
P2 95°C —
N N

1(R=H)

1a (R =Me) g;TRZH,\)A:)h
©\ ©\®/Ph ©\®/Mes ® ph
z(x=Ci(Br, ) 2 o » ot 2 =
entry” > 2/2a-c(equiv) additive (equiv) solvent yield (%)°

1 2(2) AgOAc (2) AcOH N.R.
2 2a (1) K,CO, (1) AcOH 35
3 2a (1) K,CO, (1) toulene N.R.
4 2a (1) K,CO, (1) 1,4-dioxane N.R.
5 2b (1) K,CO, (1) AcOH 30
6 2¢ (1) K,CO, (1) AcOH 25
7 2a (1) - AcOH NR.
8 2a(2) Na,CO, (2) AcOH 55
9 2a (3) Na,CO, (2) AcOH 71
10 2a (3) NaOAc (2) AcOH 35
11 2a (3) Na,CO,(2) PivOH Trace
12 2a (3) Na,CO,(2)  AcOH:PivOH 48

3Selected entries, "Reaction conditions: 1a(0.2 mmol), AcOH (1 mL) in sealed tube for 36 h. CIsolated yield. N.R. = No reaction.

catalyzed nitrogen-directed arylation by C—H activation using diaryliodonium salts.** When two
equivalents of the iodonium salt 2a was used in combination with Na,COs, we observed an
improvement in the yield to 55% (entry 8). The highest possible yield of the product 3a was 71%
wherein three equivalent of salt 2a was used (entry 9). Further, variation in the optimized

conditions like a change in the base NaOAc (entry 10), solvent PivOH (entry 11), solvent

Dnyaneshwar N. Garad, Ph.D. Thesis Page 59



Chapter 2

combinations of AcOH : PivOH (entry 12), and temperature, among others resulted in either low
or trace amount of product formation.

With the optimized conditions in hand, we next turned our attention to develop a general scope
of the protocol. We planned to study the effect of substituent variation in the quinazolinone core
on the arylation reaction (Table 2). Initially, the effect of N-substitution was studied. N-Primary

alkyl substituted quinazolinones furnished the expected products 3a-c with moderate to good

yields.
Table 2. Pd-Catalyzed Arylation of Various Quinazolinones®”
o}
R’
d ©\® ph  Pd(OAc); (10 mol%) RL&N
)\E} @ow Na,CO3, AcOH N)IB»RS
3a-r Ph
0
509 ”M d o oL
;‘ ;‘ ‘/éO 0 TO0
3a (71%) 3b (55%) 3¢ (53%) 3d (44%) 3e (trace®)
o}
o s ey Mw@& see
“‘*‘ ;‘ ;‘ SO LS O
3g (63%) 3h (25%) 3 (trace®) 3’ (76%) 3k (70%)
o] o o}
@ﬁ @& @
: O \
3m (74%) 3n (43%) 30 (21%) (16%) 3q (86%) 3r (45%)

®Reaction conditions: 1a-r (0.2 mmol), 2a (0.6 mmol), Pd(OAc), (10 mol%), Na,CO3 (0.4 mmol), AcOH (1 mL), 30-36 h, 90-
120 °C. PIsolated yield. “Trace product formation was confirmed by TLC, and HRMS.
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We observed that with the increase in the chain length the yield of the respective product
decreases. The quinazolinone substrate with N-benzyl substituent resulted in the moderate yield
of 3d. The N-phenyl substituted quinazolinone provided only trace amount of product 3e. The
reason behind this observation might be the steric hindrance caused by the N-phenyl ring, which
enforces the other phenyl ring out of the plane, thus inhibiting the formation of palladacycle. The
quinazolinone substrate with N-methoxy substituent furnished 3f in good yield. The N-methyl
substituted quinazolinone provided better yield than the substrates with other N-substituents,
hence keeping the N-methyl substitution constant, the further scope of the arylation reaction with
varyingly substituted quinazolinone core was explored. 5-Methyl-substituted quinazolinone gave
the corresponding arylated product 3g in good yield; however, 6-chloro, and 6-nitro-substituted
quinazolinones resulted in low, and trace yield of products 3h, and 3i respectively. Most
probably, the electron withdrawing substituents weakens the coordinating ability of these
substrates with the metal catalyst, which resulted in lower yields. Electron-rich substituents
provided the arylated products 3j and 3k in very good yields. The heterocyclic substrate could
only afford trace amount of product 3l due to electron withdrawing effect of the pyridine ring.
Furthermore, we began to explore the substrate scope of the aromatic ring attached to the
quinazolinone core. The quinazolinone substrate with alkyl substituted aromatic ring resulted in
the decent yield of product 3m, however, as anticipated chloro, and other electron withdrawing
substituents resulted in moderate to a low yield of products 3n-p. Electron-rich substituent
enhanced the C—H activation process, and the product 3q was obtained in excellent yield.
Pleasingly, the heterocyclic indole substrate could be arylated at the 2-position of indole to

afford the product 3r.
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We also investigated the application of various diaryliodonium triflates in the developed
arylation protocol (Table 3). The substrate 1q was chosen for this purpose. It is well known that
the sterically less hindered aryl group of diaryliodonium triflate undergoes metal-catalyzed
coupling,'®® hence we kept sterically hindered mesitylene as one of the substituents in the

arylation reagent, and varied other aryl substituents. Various substituents on the arylation reagent

Table 3. Pd-Catalyzed Arylation with Various Diaryliodonium Triflates*”

s N

o + R

M

N-Ve @\@ Pd(OAC), (10 mol%)
/)\©\ -Mes TTNa,C05 ACOH
N )

ome  OTf
1q 2b-i
o o o

q (69%) s (71%) t (44%)

M

P

10
O OMe O OMe
CO,Me NO,

3v (75%) 3w (74%) 3x (68%)

" J

P4
N\
o]
=
)

®Reaction conditions: 1q (0.2 mmol), 2b-i (0.6 mmol), Pd(OAc), (10 mol%), Na,COs (0.4 mmol), AcOH (1 mL), 30-36 h, 90-95
°C. PIsolated yield.

were tolerated under the developed protocol. The arylated products such as unsubstituted 3q and
methyl substituted 3s could be obtained in very good yields. The para-fluoro compound 3t was
obtained in moderate yield. The arylation reagents with electron withdrawing groups underwent
smooth reactions under the developed protocol. The trifluoromethyl and ester groups at meta-

position of arylation reagent were well tolerated, and expected products 3u and 3v have been
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synthesized in decent yields respectively. Nitro groups at meta- and para-positions of arylating
reagents provided good yields of products 3w, and 3x respectively. Overall, it was observed that
electron withdrawing groups on arylation reagents facilitates the reaction. It can be reasoned that
the palladium insertion takes place promptly on more electron deficient coupling partner. As
evident from the substrate scope study (Tables 2, and 3), the developed protocol is very general,

and it will be suitable for the generation of a library of quinazolinone compounds.

A plausible mechanism for the developed arylation protocol is depicted in Figure 2, based on the
literature precedence.”"!” We believe that in the first step Pd(l1) coordinates with the imine
nitrogen of quinazolinone la, and activates the proximal proton to form a five-membered

palladacycle A.

4 )\
(@] (0]
\NJEQ J]@
X
N
3a
Ph 1a
AcOX
reductive AcOH
elimination
(0] (0]
\N \N
\N X
vy fo
Pd-OAc pa "
P OTF OAc
B A
®06
Phl Ph—I—Ph OTf
2 2a
& J

Figure 2. Proposed mechanism.

Dnyaneshwar N. Garad, Ph.D. Thesis Page 63



Chapter 2

Diphenyliodonium triflate 2a oxidatively adds to the palladacycle A [Pd(Il)] to form the
palladacycle B [Pd(IV)]. Subsequently, base promoted reductive elimination affords product 3a,

and Pd(11) regenerates for the next catalytic cycles.

2.1.7. Conclusion:

In summary, quinazolinone scaffold has been demonstrated as the inherent directing group in Pd-
catalyzed intermolecular regioselective mono-arylation reaction. Diaryliodonium triflates have
been used as arylation reagents in the C—H activation process, which provided a wide range of
new quinazolinones. This novel protocol could be used for late-stage derivatization of bioactive
quinazolinones, and natural products for SAR studies. This newly developed directing group
could be used for other C—H activation processes such as in the natural product synthesis or in
the development of novel methodologies. The novel derivatives synthesized here could be

screened for anticancer and antimalarial activities.

2.1.8. Experimental Procedures and Characterization Data of Compounds:

15¢-d,18 19,20

All diaryliodonium triflates and quinazolinone starting materials were prepared

according to well-known literature procedures.

)] Experimental Procedures for the Synthesis of Starting Materials:
Method A:
@ 0
R 1
@N o DMSO, 120°C, 48h ©\)LN'R
H + )J\ - - )\
NH, H Ar in open flask N/ Ar
4 5 1a-r

The literature known procedure was followed.'® N-Substituted anthranilamides (1.0 mmol; 1.0

equiv.), and aromatic aldehydes (1.2 mmol; 1.2 equiv.) were dissolved in DMSO (5 mL). Then,
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the reaction mixture was stirred at 120 °C in an open flask, and the progress was monitored by
TLC. After complete consumption (48 h) of the starting materials, the reaction mixture was
poured onto water and extracted with DCM. The organic layer was combined, dried over
anhydrous sodium sulfate, and concentrated in vacuo. The crude mixture was purified by silica
gel column chromatography using Pet. ether / EtOAc (5:1) as an eluent to afford 2,3-

disubstituted-4(3H)-quinazolinones la-r.

Method B:

( )
0O 0]
R0 al
i) p-TsOH, THF, r.t.
i JL 08 - Bg
NH, r (i) PIDA, r.t. N Ar
4 5 1a-r
& J

The literature known procedure was followed.?’ To the solution of N-substituted anthranilamides
4 (1 mmol) and p-TsOH (0.05 mmol) in THF (10 mL) was added aldehyde 5 (1.1 mmol) and the
reaction mixture was then stirred at room temperature (RT) for 10 min., followed by portion wise
addition of PIDA (1.5 mmol) over 5 min. After stirring for 1 h, the reaction mixture was diluted
with EtOAc (20 mL), quenched with the saturated aqueous NaHCOj3 solution (20 mL), and then
extracted with EtOAc (3 x 20 mL). The combined organic layer was washed with brine (3 x 30
mL), dried over sodium sulfate and concentrated in vacuo. The crude mixture was purified by
silica gel column chromatography using Pet. ether / EtOAc (5:1) as an eluent to afford 2,3-

disubstituted-4(3H)-quinazolinones la-r.
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3-methyl-2-phenylquinazolin-4(3H)-one (1a):*°

e A
O
O\)LN/
=
N)\©
1a
. J

Following the Method A procedure, 1a was obtained as white solid (178
mg; 75% yield). *H NMR (200 MHz, CDCls) § (ppm) 8.35 (dt, J = 7.9,

1.1 Hz, 1H), 7.80-7.73 (m, 2H), 7.63-7.43 (m, 6H), 3.51 (s, 3H).

3-ethyl-2-phenylquinazolin-4(3H)-one (1b):*

( )
O
~
N)\©
1b
. J

Following the Method A procedure, 1b was obtained as white solid (167
mg; 67% vyield). *H NMR (200 MHz, CDCls) 6 (ppm) 8.35 (dt, J = 7.9,
1.0 Hz, 1H), 7.80-7.72 (m, 2H), 7.59-7.47 (m, 6H), 4.05 (q, J = 7.1 Hz,

2H), 1.23 (t, J = 7.1 Hz, 3H).

3-butyl-2-phenylquinazolin-4(3H)-one (1c):*

Following the Method A procedure 1c was obtained as white solid
(122 mg; 44% yield). *H NMR (200 MHz, CDCls) & (ppm) 8.34 (m,

1H), 7.79-7.70 (m, 2H), 7.56-7.46 (m, 6H), 4.05-3.92 (m, 2H), 1.65-

( A
(0]
@ .Bn
N
~
N)\@
1d
(. J

1.50 (m, 2H), 1.28-1.08 (m, 2H), 0.78 (t, J = 7.1 Hz, 3H).
3-benzyl-2-phenylquinazolin-4(3H)-one (1d):*°

Following the Method A procedure, 1d was obtained as white solid (119
mg; 38% vyield). *H NMR (200 MHz, CDCls) & (ppm) 8.43-8.34 (m, 1H),
7.83-7.73 (m, 2H), 7.59-7.50 (m, 1H), 7.50-7.31 (m, 5H), 7.26-7.15 (m,

3H), 6.99-6.87 (m, 2H), 5.29 (s, 2H).
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2,3-diphenylquinazolin-4(3H)-one (1e):*°

Following the Method A procedure 1e was obtained as white solid (203
mg; 68% vyield). *H NMR (200 MHz, CDCl3) J (ppm) 8.37 (dt, J = 7.9,
1.0 Hz, 1H), 7.87-7.80 (m, 2H), 7.60-7.50 (m, 1H), 7.39-7.27 (m, 5H),

7.26-7.13 (m, 5H).

3-methoxy-2-phenylquinazolin-4(3H)-one (1f):%

Following the Method B procedure, 1f was obtained as white solid (163
mg; 65% yield). 'H NMR (200 MHz, CDCls) 6 (ppm) 8.36 (dt, J =7.9, 1
Hz, 1H), 7.96-7.86 (m, 2H), 7.82-7.76 (m, 2H), 7.61-7.46 (m, 4H), 3.78

(s, 3H).

3,5-dimethyl-2-phenylquinazolin-4(3H)-one (19):

Following the Method A procedure, 1g was obtained as white solid (113
mg; 45% vyield). Rf: 0.4 (1:4 EtOAc: Pet. ether); mp 105-107 °C; 'H
NMR (400 MHz, CDCl3) ¢ (ppm) 7.63-7.48 (m, 7H), 7.30-7.22 (m, 1H),

3.46 (s, 3H), 2.94 (s, 3H); *C NMR (100 MHz, CDCls) § (ppm) 163.2,

155.8, 148.9, 140.9, 1355, 133.4, 129.9, 129.5, 128.8, 127.9, 125.7, 119.1, 34.1, 23.1; HRMS

(ESI-TOF) m/z: [M + H]" Calcd for C16H15N,0, 251.1179; found, 251.1181.

6-chloro-3-methyl-2-phenylquinazolin-4(3H)-one (1h):

s

1h

\ Following the Method B procedure, 1h was obtained as white solid
(192 mg; 67% vyield). Rf: 0.35 (1:4 EtOAc: Pet. ether); mp 126-128

°C; 'H NMR (400 MHz, CDCI3) & (ppm) 8.30 (s, 1H), 7.78-7.64 (m,
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2H), 7.62-7.45 (m, 5H), 3.51 (s, 3H); **C NMR (100 MHz, CDCls) 6 (ppm) 161.7, 156.4, 145.8,
135.1, 134.7, 132.7, 130.2, 129.2, 128.9, 127.9, 126.0, 121.5, 34.4; HRMS (ESI-TOF) m/z: [M +

H]" Calcd for Cy5H1,N,OCI, 271.0633; found, 271.0636.

3-methyl-6-nitro-2-phenylquinazolin-4(3H)-one (1i):%

N
J

Following the Method A procedure, 1i was obtained as yellow solid
OZN\@?H( (90 mg; 32% vyield). *H NMR (200 MHz, CDCls) 6 (ppm) 9.21 (d, J

~
NJ\@ = 2.5 Hz, 1H), 8.55 (dd, J = 9.0, 2.5 Hz, 1H), 7.85 (d, J = 9.0 Hz,
1i

1H), 7.64-7.57 (m, 5H), 3.57 (s, 3H).

6-methoxy-3-methyl-2-phenylquinazolin-4(3H)-one (1j):*®

, o Y\ Following the Method A procedure, 1j was obtained as white solid

Meo@\)%/ (102 mg: 38% yield). *H NMR (200 MHz, CDCls) & (ppm) 7.78-

~

. N)\© 7.65 (M, 2H), 7.63-7.48 (m, 5H), 7.37 (dd, J = 9.0, 3 Hz, 1H), 3.95
(s, 3H), 3.52 (s, 3H).

7-methoxy-3-methyl-2-phenylquinazolin-4(3H)-one (1k):*®

. . Following the Method A procedure, 1k was obtained as white solid

/@\)LN/ (120 mg: 45% vield). *H NMR (200 MHz, CDCls) & (ppm) 8.24 (d,
MeO N/)\© J = 8.8 Hz, 1H), 7.61-7.48 (m, 5H), 7.14 (d, J = 2.4 Hz, 1H), 7.09

. J (dd, J=8.8, 2.4 Hz, 1H), 3.91 (s, 3H), 3.49 (s, 3H).
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3-methyl-2-phenylpyrido[2,3-d]pyrimidin-4(3H)-one (11):**

J

Following the Method A procedure 11 was obtained as white solid (87

mg; 37% vield). *H NMR (200 MHz, CDCls) & (ppm) 9.01 (dd, J = 4.6, 2

Hz, 1H), 8.66 (dd, J = 7.9, 2 Hz, 1H), 7.71-7.60 (m, 2H), 7.58-7.41 (m,

4H), 3.56 (s, 3H).

3-methyl-2-(p-tolyl)quinazolin-4(3H)-one (1m):®

J

Following the Method A procedure, 1m was obtained as white solid
(160 mg; 64% yield). 'H NMR (200 MHz, CDCl3) & (ppm) 8.34 (d, J =
7.8 Hz, 1H), 7.70-7.69 (m, 2H), 7.56-7.41 (m, 3H), 7.33 (d, J = 8 Hz,

2H), 3.52 (s, 3H), 2.45 (s, 3H).

2-(4-chlorophenyl)-3-methylquinazolin-4(3H)-one (1n):*

Following the Method A procedure, 1n was obtained as white solid
(152 mg; 56% yield). *H NMR (200 MHz, CDCls) 6 (ppm) 8.32 (d, J

= 7.5 Hz, 1H), 7.83-7.67 (m, 2H), 7.60-7.45 (m, 5H), 3.50 (s, 3H).

3-methyl-2-(4-(trifluoromethyl)phenyl)quinazolin-4(3H)-one (10):

Following the Method B procedure, 10 was obtained as white solid
(131 mg; 43% yield). Rf: 0.35 (1:4 EtOAc: Pet. ether); mp 119-121

°C; *H NMR (400 MHz, CDCl3) 6 (ppm) 8.35 (d, J = 7.9 Hz, 1H),

7.88-7.69 (m, 6H), 7.54 (t, J = 7.3 Hz, 1H), 3.50 (s, 3H); **C NMR

(100 MHz, CDCl3) 6 (ppm) 162.4, 154.7, 147, 138.7, 134.5, 132.1 (q, J = 33.1 Hz), 128.6, 127.5,
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127.4,126.8, 125.9 (q, J = 3.8 Hz), 123.6 (q, J = 272 Hz), 120.6, 34.1; HRMS (ESI-TOF) m/z:

[M + H]" Calcd for Cy6H1,N,OF3, 305.0896; found, 305.0893.

3-methyl-2-(4-nitrophenyl)quinazolin-4(3H)-one (1p):*°

Following the Method B procedure, 1p was obtained as yellow
solid (129 mg; 46% vyield). *"H NMR (200 MHz, CDCls) § (ppm)

8.43 (d, J = 8.8 Hz, 2H), 8.37 (d, J = 8.7 Hz, 1H), 7.87-7.74 (m,

4H), 7.63-7.51 (m, 1H), 3.51 (s, 3H).

2-(4-methoxyphenyl)-3-methylquinazolin-4(3H)-one (1q):%

J

Following the Method A procedure, 1q was obtained as white solid
(181 mg; 68% yield). *H NMR (200 MHz, CDCls) § (ppm) 8.32 (d,

J = 7.7 Hz, 1H), 7.78-7.68 (m, 2H), 7.59-7.44 (m, 3H), 7.08-6.98

(m, 2H), 3.88 (s, 3H), 3.54 (s, 3H).

3-methyl-2-(1-methyl-1H-indol-3-yl)quinazolin-4(3H)-one (1r):

J

.

Following the Method A procedure, 1r was obtained as white solid
(130 mg; 45% vyield). Rf: 0.4 (1:1 EtOAc: Pet. ether); mp 194-196 °C;
'H NMR (400 MHz, CDCls3) § (ppm) 8.35 (d, J = 7.3 Hz, 1H), 7.80-

7.70 (m, 3H), 7.55 (s, 1H), 7.51-7.45 (m, 1H), 7.42 (d, J = 7.9 Hz,

1H), 7.34 (t, J = 7.9 Hz, 1H), 7.27 (t, J = 7.9 Hz, 1H), 3.91 (s, 3H), 3.72 (s, 3H); *C NMR (100

MHz, CDCl3) d (ppm) 163.3, 152.1, 147.9, 136.8, 134.1, 130.6, 127.2, 126.6, 126.4, 126.2,

122.9, 121.2, 120.7, 120.1, 110.5, 109.9, 34.1, 33.2; HRMS (ESI-TOF) m/z: [M + H]" Calcd for

C1sH16N30, 290.1288; found, 290.1293.
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) General Experimental Procedure for Arylations by C-H Activation:

+
_R! Pd(OAC R
R2 N @\(?/Ar (—)2> R2 N
/J\ : €] Na,CO3 N/

R3 OTf AcOH

2a-i 3a-x Q
(Ar=Ph/ Mes)

A sealed tube was charged with quinazolinone 1a-r (0.2 mmol), diaryl iodonium triflate 2a-i (0.6

mmol), sodium carbonate (42 mg; 0.4 mmol) and Pd(OAc), (4.5 mg; 10 mol%). To the above

mixture AcOH (1 ml; 0.2M) was added and flushed twice with argon gas. The tube was packed

with screw cap and placed in preheated oil bath at 90 °C-120 °C. The progress of the reaction

was monitored by TLC. The reaction mixture was cooled to RT after 30-36 h, diluted with ethyl

acetate and evaporated under vacuo to dryness. After agueous workup the residue was purified

by column chromatography to afford pure quinazolinone 3a-x.

2-([1,1'-biphenyl]-2-yI)-3-methylquinazolin-4(3H)-one (3a):

Following the general experimental procedure, 3a was obtained as a
colorless solid (44 mg; 71% vyield); Reaction Time: 36 h at 95 °C. Rf: 0.4
(1:4 EtOAC:Pet. ether); mp 125-127 °C; *H NMR (400 MHz, CDCls) ¢
(ppm) 8.27 (d, J = 7.9 Hz, 1H), 7.84-7.76 (m, 2H), 7.67-7.57 (m, 2H),

7.56-7.47 (m, 3H), 7.37-7.30 (m, 2H), 7.27-7.22 (m, 3H), 3.01 (s, 3H);

13C NMR (100 MHz, CDCls) & (ppm) 162.1, 156.4, 147.1, 140.2, 139.4, 134.2, 134.1, 130.4,

130.2, 129.2, 128.7, 128.5, 128.1, 128, 127.5, 126.9, 126.7, 120.4, 32.6; HRMS (ESI-TOF) m/z:

[M + H]" Calcd for C,;H7N,0, 313.1335; found, 313.1337.
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2-([1,1'-biphenyl]-2-yI)-3-ethylquinazolin-4(3H)-one (3b):

- ~ Following the general experimental procedure, 3b was obtained as a
NI colorless solid (36 mg, 55% vyield); Reaction time: 36 h at 100 °C; Rg:

Z
N O 0.4 (1:4 EtOAC:Pet. ether); mp 137-139 °C; *H NMR (400 MHz, CDCl5)

3b
O d (ppm) 8.27 (d, J = 7.93, 1H), 7.88-7.75 (m, 2H), 7.65-7.55 (m, 2H),

. J
7.54-7.49 (m, 3H), 7.40-7.32 (m, 2H), 7.26-7.16 (m, 3H), 4.0-3.90 (m, 1H), 3.37-3.27 (m, 1H),
0.96 (t, J = 7.0 Hz, 3H); *C NMR (100 MHz, CDCl3) J (ppm) 161.5, 156.1, 146.6, 140.0, 139.3,
134.3, 133.7, 130.4, 130.1, 129.2, 128.7, 128.6, 127.9, 127.8, 127.2, 127, 126.7, 120.8, 40.5,

13.5; HRMS (ESI-TOF) m/z: [M + H]" Calcd for C»H1gN,0, 327.1492; found, 327.1495.

2-([1,1'-biphenyl]-2-yl)-3-butylquinazolin-4(3H)-one (3c):

s N Following the general experimental procedure, 3c was obtained as a
N~ 1BY colorless solid (37 mg, 53% vyield); Reaction time: 30 h at 90 °C; R:

—

N O 0.4 (1:4 EtOAc:Pet. ether); mp 108-110 °C; 'H NMR (400 MHz,

3c
O CDC|3) 0 (ppm) 8.26 (d, J =7.94, 1H), 7.83-7.76 (m, 2H), 7.63-7.56

(m, 2H), 7.55-7.48 (m, 3H), 7.37-7.32 (m, 2H), 7.26-7.21 (m, 3H), 3.87-3.77 (m, 1H), 3.27-3.17
(m, 1H), 1.45-1.32(m, 2H), 1.11-1.0(m, 2H), 0.66 (t, J = 7.32, 3H) ; *C NMR (100 MHz,
CDCls) § (ppm) 161.8, 156.2, 147, 140, 139.4, 134.2, 134.1, 130.3, 130, 129.5, 128.6, 127.9,
127.8, 127.4, 126.8, 126.7, 120.9, 45, 30.1, 19.8, 13.3; HRMS (ESI-TOF) m/z: [M + H]* Calcd

for C24H23N0, 355.1805; found, 355.1806.
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2-([1,1'-biphenyl]-2-yI)-3-benzylquinazolin-4(3H)-one (3d):

- 5 ~ Following the general experimental procedure, 3d was obtained as a
@N/B” colorless solid (34 mg, 44% vyield); Reaction time: 36 h at 120 °C; Rs
N O 0.4 (1:4 EtOAC:Pet. ether); mp 84-85 °C; *H NMR (400 MHz, CDCls) ¢
* O (ppm) 8.29 (d, J = 7.94, 1H), 7.82 (d, J = 6.72 Hz, 2H), 7.59-7.50 (m,

L )

3H), 7.40-7.28 (m, 5H), 7.27-7.20 (m, 2H), 7.16-7.09 (m, 3H), 6.77 (d, J = 7.32, 2H), 5.27 (d, J
= 15 Hz, 1H), 4.30 (d, J = 15 Hz, 1H),"*C NMR (100 MHz, CDCls) J (ppm) 162, 156.3, 146.8,
139.9, 139.4, 136.2, 134.5, 133.7, 130.4, 130, 129.9, 128.8, 128.7, 128.3, 128, 127.7, 127., 127.3,
127.1, 120.8, 47.7; HRMS (ESI-TOF) m/z: [M + H]* Calcd for Co7H21N,O, 389.1648; found,

389.1648.

2-([1,1'-biphenyl]-2-yl)-3-phenylquinazolin-4(3H)-one (3e):

N
J

Following the general experimental procedure, 3e was formed in trace
amount by TLC analysis and also confirmed by LC-HRMS; Reaction

_Ph
O time: 36 h at 120 °C; HRMS (ESI-TOF) m/z: [M + H]* Calcd for

3e
O ) CysH19N-0, 375.1492; found, 375.1500.

2-([1,1'-biphenyl]-2-yl)-3-methoxyquinazolin-4(3H)-one (3f):

- ~ Following the general experimental procedure, 3f was obtained as a

0
©ka/o\ colorless solid (45 mg; 69% yield); Reaction Time: 36 h at 90 °C. Rf: 0.4
N

~
O (1:3 EtOAC:Pet. ether); mp 101-103 °C: 'H NMR (400 MHz, CDCl5) &

3f
O (ppm) 8.28 (d, J = 7.9 Hz, 1H), 7.82-7.76 (m, 2H), 7.65 (d, J = 7.3 Hz,

1H), 7.61 (d, J = 7.3 Hz, 1H), 7.55-7.48 (m, 3H), 7.37-7.31 (m, 2H), 7.26-7.20 (M, 3H), 3.62 (s,

3H); °C NMR (100 MHz, CDCl3) & (ppm) 157.6, 156.5, 146.3, 141.6, 140.1, 134.4, 131.4,
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130.5, 130, 129.1, 128.5, 128.4, 127.9, 127.5, 127.2, 127, 126.7, 122.7, 64, HRMS (ESI-TOF)

m/z: [M + H]" Calcd for C21:H17N,0,, 329.1285; found, 329.1286.

2-([1,1'-biphenyl]-2-yl)-3,5-dimethylquinazolin-4(3H)-one (3g):

~N
J

Following the general experimental procedure, 3g was obtained as a

0
dLN/ colorless solid (41 mg; 63% yield); Reaction Time: 36 h at 95 °C. Rf: 0.4
~
N O (1:4 EtOAC:Pet. ether); mp 124-126 °C; *H NMR (400 MHz, CDCls) §

3g
O (ppm) 7.66-7.49 (m, 6H), 7.39-7.32 (M, 2H), 7.29-7.23 (m, 4H), 2.95 (s,

| J

3H), 2.87 (s, 3H); *C NMR (100 MHz, CDCl3) & (ppm) 162.7, 156.1, 148.8, 140.9, 140.2,

139.6, 134.2, 133.3, 130.3, 130.2, 129.5, 129.2, 128.7, 128.6, 128.1, 127.9, 125.7, 119, 32.5,
23.1; HRMS (ESI-TOF) m/z: [M + H]" Calcd for C»,H19N,0, 327.1492; found, 327.1494.

2-([1,1'-biphenyl]-2-yl)-6-chloro-3-methylquinazolin-4(3H)-one (3h):

- S ~ Following general experimental procedure 3h was obtained as a
Cl\@fLN/ colorless solid (17 mg; 25% yield); Reaction Time: 36 h at 120 °C. Rf:
N” O 0.35 (1:3 EtOAC:Pet. ether); mp 129-131 °C: *H NMR (400 MHz,

3" O CDClI3) 6 (ppm) 8.22 (s, 1H), 7.76-7.69 (m, 2H), 7.66-7.60 (m, 1H),

7.59-7.51 (m, 3H), 7.34-7.29 (m, 2H), 7.27-7.21 (m, 3H), 3.00 (s, 3H); *C NMR (100 MHz,
CDCl3) 6 (ppm) 161.1, 156.7, 145.6, 140.3, 139.3, 134.8, 133.8, 132.7, 130.6, 130.2, 129.2,
129.1, 128.8, 128.5, 128.1, 127.06, 126, 121.4, 32.7; HRMS (ESI-TOF) m/z: [M + H]* Calcd for

Cx1H16N2OCI, 347.0946; found, 347.0951.
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2-([1,1'-biphenyl]-2-yl)-3-methyl-6-nitroquinazolin-4(3H)-one (3i):

Following the general experimental procedure, 3i was formed in
trace amount by TLC analysis and also confirmed by LC-HRMS;
Reaction time: 36 h at 120 °C; HRMS (ESI-TOF) m/z: [M + H]"

Calcd for C,1H16N303, 358.1186; fOUﬂd, 358.1188.

2-([1,1'-biphenyl]-2-yl)-6-methoxy-3-methylquinazolin-4(3H)-one (3j):

~
J

Following the general experimental procedure, 3] was obtained as a
colorless solid (52 mg; 76% yield); Reaction Time: 36 h at 95 °C.
Rf: 0.35 (1:2 EtOAc:Pet. ether); mp 177-179 °C; *H NMR (400

MHz, CDCl3) & (ppm) 7.74 (d, J = 8.5 Hz, 1H), 7.65-7.48 (m, 5H),

7.39 (dd, J = 8.5, 2.4 Hz, 1H), 7.35-7.29 (m, 2H), 7.28-7.20 (m, 3H), 3.93 (s, 3H), 3.01 (s, 3H);

3C NMR (100 MHz, CDCls) § (ppm) 162, 158.5, 154.2, 141.8, 140.3, 139.5, 134.1, 130.4,

130.1, 129.3, 129.1, 128.7, 128.5, 128.1, 127.9, 124.7, 121.2, 105.9, 55.8, 32.6; HRMS (ESI-

TOF) m/z: [M + H]" Calcd for CyH19N,0,, 343.1441; found, 343.1441.

2-([1,1'-biphenyl]-2-yl)-7-methoxy-3-methylquinazolin-4(3H)-one (3k):

Following general experimental procedure 3k was obtained as a
colorless solid (48 mg; 70% vyield); Reaction Time: 36 h at 95 °C.
Rf: 0.35 (1:2 EtOAcC:Pet. ether); mp 197-199 °C; 'H NMR (400

MHz, CDCl) & (ppm) 8.15 (d, J = 8.6 Hz, 1H), 7.65-7.48 (m, 4H),

7.37-7.30 (m, 2H), 7.28-7.22 (m, 3H), 7.19 (d, J = 1.8 Hz, 1H), 7.08 (dd, J = 8.5, 1.8 Hz, 1H),

3.94 (s, 3H), 2.98 (s, 3H); **C NMR (100 MHz, CDCls) ¢ (ppm) 164.5, 161.7, 157.2, 149.3,
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140.1, 1394, 134.2, 130.4, 130.1, 129.1, 128.7, 128.5, 128.2, 128.03, 128, 117.2, 114, 107.8,

55.6, 32.4; HRMS (ESI-TOF) m/z: [M + H]" Calcd for C»,H19N,0,, 343.1441; found, 343.1432.

2-([1,1'-biphenyl]-2-yl)-3-methylpyrido[2,3-d]pyrimidin-4(3H)-one (3I):

Following the general experimental procedure, 3| was formed in trace
amount by TLC analysis and also confirmed by LC-HRMS; Reaction
time: 36 h at 120 °C; HRMS (ESI-TOF) m/z: [M + H]* Calcd for

C20H16N30, 3141288, fOUﬂd, 314.1286.

3-methyl-2-(5-methyl-[1,1'-biphenyl]-2-yl)quinazolin-4(3H)-one (3m):

Following the general experimental procedure, 3m was obtained as a
colorless solid (48 mg; 74% yield); Reaction Time: 36 h at 95 °C.
Rf: 0.4 (1:4 EtOAcC:Pet. ether); mp 151-153 °C; *H NMR (400 MHz,
CDCls) & (ppm) 8.26 (d, J = 7.9 Hz, 1H), 7.82-7.74 (m, 2H), 7.55-

7.44 (m, 2H), 7.38-7.29 (m, 4H), 7.26-7.17 (m, 3H), 3.00 (s, 3H),

2.49 (s, 3H); ®C NMR (100 MHz, CDCl3) § (ppm) 162.2, 156.6, 147.2, 140.5, 140.1, 139.6,

134.2, 131.4, 130.8, 129.1, 128.68, 128.66, 128.5, 127.8, 127.4, 126.8, 126.6, 120.4, 32.6, 21.4,

HRMS (ESI-TOF) m/z: [M + H]" Calcd for CoH1oN,0, 327.1492; found, 327.1494.

2-(5-chloro-[1,1'-biphenyl]-2-yl)-3-methylquinazolin-4(3H)-one (3n):

I Cl

~

Following the general experimental procedure, 3n was obtained as a
colorless solid (30 mg, 43% yield); Reaction time: 30 h at 90 °C; R:
0.5 (1:2 EtOAC:Pet. ether); mp 148-150 °C; 'H NMR (400 MHz,

CDCl3) 6 (ppm) 8.26 (d, J = 7.9 Hz, 1H), 7.83-7.75 (m, 2H), 7.58-
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7.48 (m, 4H), 7.34-7.29 (m, 2H), 7.29-7.21 (m, 3H), 2.99 (s, 3H); *C NMR (100 MHz, CDCls) ¢
(ppm) 162, 155.4, 147, 142, 138.2, 136.4, 134.4, 132.6, 130.7, 130.1, 128.9, 128.5, 128.4, 128.1,
127.5, 127.1, 126.7, 120.5, 32.5; HRMS (ESI-TOF) m/z: [M + H]" Calcd for CyHi6N,OCI,

347.0946; found, 347.0941.

3-methyl-2-(5-(trifluoromethyl)-[1,1'-biphenyl]-2-yl)quinazolin-4(3H)-one (30):

- 5 ~, Following the general experimental procedure, 30 was obtained as
@N/ a colorless solid (16 mg; 21% yield); Reaction Time: 36 h at 120
N O °C. Rf: 0.35 (1:2 EtOAC:Pet. ether); mp 140-142 °C; *H NMR (400
% O i MHz, CDCl3) 6 (ppm) 8.28 (d, J = 7.9 Hz, 1H), 7.85-7.70 (m, 5H),

L )

754 (t, J = 7.3 Hz, 1H), 7.39-7.32 (m, 2H), 7.32-7.27 (m, 3H), 3.01 (s, 3H); *C NMR (100
MHz, CDCls) J (ppm) 161.9, 155, 146.9, 141.2, 138, 137.3, 134.5, 132.6 (g, J = 33.1 Hz), 130,
129, 128.7, 128.4, 127.5, 127.3, 127.1 (g, J = 3.9 Hz), 126.8, 124.9 (g, J = 3.9 Hz), 123.6 (¢, J =
272 Hz), 120.5, 32.6; HRMS (ESI-TOF) m/z: [M + H]" Calcd for CHisN,OFs, 381.1209;

found, 381.12009.

3-methyl-2-(5-nitro-[1,1'-biphenyl]-2-yl)quinazolin-4(3H)-one (3p):

- 5 ~ Following the general experimental procedure, 3p was obtained as
dLN/ a colorless solid (11 mg; 16% yield); Reaction Time: 36 h at 120
Z
N O °C. Rf: 0.3 (1:2 EtOAC:Pet. ether): mp 215-217 °C; 'H NMR (400
3p N02
MHz, CDClIs) 6 (ppm) 8.43 (s, 1H), 8.39 (d, J = 8.6 Hz, 1H), 8.28
g J

(d, J = 7.9 Hz, 1H), 7.87-7.75 (m, 3H), 7.56 (t, J = 7.3 Hz, 1H), 7.41-7.29 (m, 5H), 2.99 (s, 3H);

13C NMR (100 MHz, CDCl3) & (ppm) 161.7, 154.3, 148.9, 146.8, 142.1, 139.7, 137.2, 134.6,

Dnyaneshwar N. Garad, Ph.D. Thesis Page 77



Chapter 2

130.8, 129.2, 128.4, 127.56, 127.55, 126.8, 125.1, 122.8, 120.5, 32.4; HRMS (ESI-TOF) m/z: [M

+ H]" Calcd for Cy;H16N303, 358.1186; found, 358.1185.

2-(5-methoxy-[1,1'-biphenyl]-2-yl)-3-methylquinazolin-4(3H)-one (3q):

g . Following the general experimental procedure, 3q was obtained as
©\)(1N/ a colorless solid (59 mg, 86% yield); Reaction time: 30 h at 90 °C;
N7 Rr: 0.5 (1:1 EtOAc:Pet. ether); mp 192-194 °C; *H NMR (400
3 O o~ MHz, CDCls) § (ppm) 8.25 (d, J = 7.94, 1H), 7.81-7.75 (m, 2H),

L )

7.55-7.46 (m, 2H), 7.36-7.32 (m, 2H), 7.26-7.22 (m, 3H), 7.07-
7.07 (m, 2H), 3.92 (s, 3H), 3.0 (s, 3H); ;*C NMR (100 MHz, CDCl3) J (ppm) 162.3, 161, 156.5,
147.2, 141.9, 139.5, 134.2, 130.8, 128.7, 128.4, 128.1, 127.4, 126.9, 126.8, 126.6, 120.4, 115.5,
113.4, 55.6, 32.7; HRMS (ESI-TOF) m/z: [M + H]" Calcd for CaH1oN,05, 343.1441; found,

343.1443.
3-methyl-2-(1-methyl-2-phenyl-1H-indol-3-yl)quinazolin-4(3H)-one (3r):

Following the general experimental procedure, 3r was obtained as a

Ve

0
N~ colorless solid (33 mg; 45% vyield); Reaction Time: 36 h at 100 °C.
Z
A
N
(J

(. J

Rf: 0.5 (1:4 EtOAc:Pet. ether); mp 198-200 °C; *H NMR (400 MHz,

3r CDCls) 6 (ppm) 8.31 (d, J = 7.9 Hz, 1H), 7.79-7.72 (m, 2H), 7.64

(d, J = 7.9 Hz, 1H), 7.51-7.33 (m, 8H), 7.28-7.23 (m, 1H), 3.80 (s,
3H), 3.20 (s, 3H); *°C NMR (100 MHz, CDCls) & (ppm) 163, 152.2, 147.8, 140, 137.5, 134,
130.6, 129.9, 129.02, 128.95, 127.5, 126.8, 126.6, 126.5, 123.1, 121.5, 120.4, 119.6, 110, 109.5,

32.9, 31.4; HRMS (ESI-TOF) m/z: [M + H]" Calcd for CosH20N3O, 366.1601; found, 366.1606.
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2-(5-methoxy-4'-methyl-[1,1'-biphenyl]-2-yl)-3-methylquinazolin-4(3H)-one (3s):

- 5 ~ Following the general experimental procedure, 3s was obtained as a
@N/ colorless solid (51 mg, 71% yield); Reaction time: 36 h at 95 °C; R¢
N O 0.5 (1:1 EtOAc:Pet. ether); mp 130-132 °C; 'H NMR (400 MHz,
> O (I) CDClg) 6 (ppm) 8.26 (d, J = 7.93, 1H), 7.84-7.76 (m, 2H), 7.54-7.44

L J

(m, 2H), 7.22 (m, J = 7.32, 2H), 7.08-7.00 (m, 4H), 3.91 (s, 3H), 2.99 (s, 3H), 2.28 (s, 3H); °C
NMR (100 MHz, CDCls) 6 (ppm) 162.3, 160.9, 156.7, 147.3, 141.9, 138, 136.6, 134.2, 130.8,
1295, 128.2, 127.4, 126.8, 126.7, 126.6, 120.4, 115.4, 113.1, 55.5, 32.60 21.1; HRMS (ESI-

TOF) m/z: [M + H]" Calcd for C»3H21N,0,, 357.1598; found, 357.1600.

2-(4'-fluoro-5-methoxy-[1,1'-biphenyl]-2-yl)-3-methylquinazolin-4(3H)-one (3t):

N
J

Following the general experimental procedure, 3t was obtained as a

©ka/ colorless solid (32 mg, 44% yield); Reaction time: 36 h at 90 °C; Ry
N

~
O 0.5 (1:1 EtOAc:Pet. ether); mp 155-157 °C; ‘H NMR (500 MHz,
(0]

3t
- O 'l cDCly) & (ppm) 8.26 (d, J = 7.62, 1H), 7.82-7.7.76 (m, 2H), 7.53-

7.48 (m, 2H), 7.34-7.29 (m, 2H), 7.05 (dd, J = 2.7, 8.6 Hz, 1H), 7.01 (d, J = 2.7, 1H), 6.95 (t, J =
8.6 Hz 2H), 3.92 (s, 3H), 3.02 (s, 3H); *C NMR (125 MHz, CDCls) § (ppm) 162.5 (d, J = 248
Hz), 162.2, 161, 156.2, 147.2, 140.8, 135.5 (d, J = 2.86 Hz), 134.3, 130.8, 130.1 (d, J = 7.63 Hz),
127.4, 126.9, 126.9, 126.7, 120.4, 115.8 (d, J = 21 Hz), 115.6, 113.4, 55.56, 32.7; HRMS (ESI-

TOF) m/z: [M + H]" Calcd for C,H1gN»O,F, 361.1347; found, 361.1347.
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2-(5-methoxy-3'-(trifluoromethyl)-[1,1'-biphenyl]-2-yl)-3-methylquinazolin-4(3H)-one (3u):

Following the general experimental procedure, 3u was obtained as a

0
: I N colorless solid (60 mg; 73% yield); Reaction Time: 36 h at 95 °C. Rf:
NG O 0.3 (1:2 EtOAc:Pet. ether); mp 142-144 °C; 'H NMR (400 MHz,
3u O O] cDC:) 5 (ppm) 8.25 (d, J = 7.3 Hz, 1H), 7.83-7.72 (m, 2H), 7.68 (s,
CFs 1H), 7.57-7.45 (m, 4H), 7.35 (t, J = 7.3 Hz, 1H), 7.13-7.07 (m, 1H),

7.05 (d, J = 1.8 Hz, 1H), 3.94 (s, 3H), 3.02 (s, 3H); *C NMR (100 MHz, CDCl5) J (ppm) 162.2,
161, 155.6, 146.9, 140.21, 140.17, 134.3, 131.6, 131.1 (q, J = 32.4 Hz), 130.7, 129.2, 127.3, 127,
126.9, 126.6, 125.5 (g, J = 3.9 Hz), 124.7 (g, J = 3.9 Hz), 123.6 (q, J = 272.8 Hz), 120.3, 115.6,
113.9, 55.7, 32.7; HRMS (ESI-TOF) m/z: [M + H]" Calcd for CasH1gN20,F3, 411.1315; found,
411.1324.

Methyl 5'-methoxy-2'-(3-methyl-4-ox0-3,4-dihydroquinazolin-2-yl)-[1,1'-biphenyl]-3-

carboxylate (3v):

- S L Following the general experimental procedure, 3v was obtained as a
©5LN/ colorless solid (60 mg, 75% vyield); Reaction time: 30 h at 90 °C.R¢.
N O 0.4 (1:2 EtOAc:Pet. ether); mp 118-120 °C; 'H NMR (400 MHz,

3v O (|) CDClI3) 6 (ppm) 8.25 (d, J = 7.94, 1H), 8.09 (s, 1H), 7.92 (d, J = 3.66,

L CO,Me ) 1H), 7.78 (d, J = 3.66, 2H), 7.56-7.47 (m, 3H), 7.30 (d, J = 7.94, 1H),

7.11-7.06 (m, 2H), 3.93 (s, 3H), 3.72 (s, 3H), 3.0 (s, 3H); *C NMR (100 MHz, CDCls) 6 (ppm)
166.4, 162.2, 161, 156, 147.1, 140.6, 139.56, 134.2, 132.6, 130.7, 129.6, 129.1, 128.8, 127.4,
126.9, 126.6, 120.4, 115.5, 113.8, 55.6, 52, 32.7; HRMS (ESI-TOF) m/z: [M + H]" Calcd for

C24H21N204, 401.1496; found, 401.1505.
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2-(5-methoxy-3'-nitro-[1,1'-biphenyl]-2-yl)-3-methylquinazolin-4(3H)-one (3w):

p 5 . Following the general experimental procedure, 3w was obtained as
@N/ a colorless solid (57 mg, 74% yield); Reaction time: 30 h at 90 °C;
N7 O Rr 0.5 (1:1 EtOAc:Pet. ether); mp 158-160 °C; 'H NMR (400

w O P MHz, CDCl5) 6 (ppm) 8.33 (s, 1H), 8.24 (d, J = 7.9 Hz, 1H), 8.12

§ NO, J (d,3=79Hz, 1H), 7.82-7.74 (m, 2H), 7.63 (d, J = 7.3, 1H), 7.55

(d, =85, 1H), 7.51 (t, J = 7.32, 1H), 7.39 (t, J = 7.93. 1H), 7.13 (d, J = 8.5, 1H), 7.07 (s, 1H),
3.95 (s, 3H), 3.07 (s, 3H); *C NMR (100 MHz, CDCl3)  (ppm) 162.2, 161.1, 155.2, 148.3,
146.9, 141.1, 139.2, 134.5, 134.3, 130.8, 129.7, 127.4, 127.2, 126.6, 126.7, 123.6, 122.9, 120.3,
115.8, 114.3, 55.7, 32.8; HRMS (ESI-TOF) m/z: [M + H]" Calcd for CpH1sN3O4, 388.1292;

found, 388.1292.

2-(5-methoxy-4'-nitro-[1,1'-biphenyl]-2-yl)-3-methylquinazolin-4(3H)-one (3x):

. 5 ~ Following general experimental procedure 3x was obtained as a
@N/ colorless solid (53 mg, 68% yield); Reaction time: 36 h at 90 °C;
N O R 0.5 (1:1 EtOAC:Pet. eher); mp 205-207 °C; *H NMR (400 MHz,

(::N O T CDCl3) 6 (ppm) 8.26 (d, J = 7.94, 1H), 8.12 (d, J = 8.54, 2H), 7.82-

7.72 , 2H), 7.58-7.49 (m, 4H ), 7.13 (dd, J = 8.54, 1.83, 1H), 7.05
(s, 1H), 3.94 (s, 3H), 3.08 (s, 3H); *C NMR (100 MHz, CDCls) & (ppm) 162.1, 161, 155.3,
147.3, 146.9, 146.1, 139.5, 134.5, 130.9, 129.4, 127.4, 127.3, 126.8, 126.7, 123.9, 120.3, 115.8,
114.4, 55.7, 32.8; HRMS (ESI-TOF) m/z: [M + H]" Calcd for CxHi1gN30,, 388.1292; found,

388.1298.
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2.1.10.
'H NMR Spectra
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'H NMR Spectra
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Chapter 2
Section 2

Diversification of Quinazolinones by Pd-Catalyzed C(sp®)-

Acetoxylation
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Section 2: Diversification of Quinazolinones by Pd-Catalyzed C(sp?)-
Acetoxylation
2.2.1. Abstract:

The quinazolinone ring has been employed as a directing group for C(sp®)-H functionalization
for the first time. The proximal C-y(sp®)-H bonds have been oxidized by palladium-catalyzed
acetoxylation reaction. Various functional groups on the quinazolinone scaffold were tolerated to
provide novel quinazolinone derivatives. The use of base was found to be crucial for the
monoselective acetoxylations. The activation of C(sp®)-H bond was favored over C(sp?-H

bond, as well as activation of C-y(sp®)—H bond was preferred over benzylic C(sp®)-H bond.

(e} (e}
N’R1 N’R1
3 2 T . 3 2
R o N/)j(jR R N/)\@q
B
v
H H OAc

(11 examples)

0 0
R () !
4 N . N’R
R E—— <
N “
| Bl v N
L y [
H H AcO

(7 examples)

Key Features:

~Quinazolinone directing group

~C(sp®)-H Functionalization

~The base is crucial for the monoselectivit
~upto 95% yield

This work has been published in J. Org. Chem. 2017, 82, 10470.
2.2.2. Introduction:

Quinazolinones is one of the significant classes of heterocyclic compounds, which are commonly
found in many natural products and pharmaceuticals.® Several biological activities such as

antimalarial, antidiabetic, antihypertensive, anticonvulsant, diuretic, anticancer, hypnotic,
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antitussive, anti-inflammatory, among others possessed by the quinazolinone alkaloids have
gained considerable attention in synthetic as well as medicinal chemistry. Many of the
quinazolinone natural products like phaitanthrin E, (—) serantrypinone, vasicinone, adhavasinone
balaglitazone, tryptanthrin, among others having good therapeutic assets commonly encompass j

1ce

or ysp*-oxidized carbons (Figure 1).2* We envisioned that they could be potentially accessed by

selective oxidation using metal catalyzed directed C—H activation process.

4 N\

o

vasicinone (R = H)
adhavasinone (R = OMe)

phaitanthrin E
(cytotoxic) (-) serantrypinone
(GABA receptor)

Io) balaglitazor?e tryptanthrin O
(PPARY agonist) (antibiotic)

. J

Figure 1. Selected Quinazolinone Natural Products Containing £ or ysp>-oxidized Carbons

Such C-H bond activation process would assist to eliminate the number of steps and also avoid
pre-functionalization of starting materials. The major challenge associated with C—H bond
activation is regio-selectivity because organic compounds contain a wide variety of C—H bonds.
One of the best ways to overcome the regio-selectivity issue is to use a directing-group, which
can bring a metal catalyst into close proximity of precise C—H bond by chelation with a metal
catalyst. The major development in the area of C—H bond activation mainly focuses on the
C(sp?)-H bond functionalization. The C(sp?)-H bonds are comparatively easy to activate
because of arene’s/olefin’s m-Stabilizing interaction with a metal catalyst to form strong

olefin/aryl-metal bond. In contrast, activation of C(sp®)-H bonds is underdeveloped and
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challenging because of the absence of =m-Stabilizing interaction with metal center similar to

arenes/olefins.?
2.2.3. Literature Review:

Directed C—H bond activation has emerged as a powerful tool for the transformation of a C-H
bond into C-C and C-X bond (X = O, N, F, Cl, Br, I, Si). Formation of cyclopalladated
complexes using monodentate/bidentate chelating group coordination is well known in the
literature.” Some pioneering examples of Pd(I1) palladacycles resulting from a directed C(sp®)-H

bond activation were reported in the literature (Figure 2).2

Hartwell, 197034

Shaw, 19783¢

Hiraki, 19833

HO. Cl M
N N Cl N e Me
NN e || N
- \ —
Me P Me Pd/N\MM"
Me Me Me \CI e

van Koten, 199332

L J

Figure 2. Known pioneering examples of Pd(l1) palladacycles resulted from directed C(sp*)—H bond activation

Notable development has been done in the area of C(sp®)-H bond activation where various
directing groups (including mono as well as bidentate) have been exploited in the C(sp*)-H bond
functionalization.>* Several metal catalysts like Pd, Rh, Ir, Ru, Co, Cu, and Fe have been used
for introducing various functional groups on the sp® carbons. Arylation, alkylation, olefination,
alkynylation, alkoxylation, acetoxylation, hydroxylation, amination, and halogenation are some
of the functionalizations, which are often used for C(sp®)—H diversification by transition metal
catalysis (Scheme 1a).%’ Though the quinazolinone scaffolds have been synthesized by several

advanced strategies™ and few metal-catalyzed C(sp?)-H activation approaches,® nevertheless, to
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the best of our knowledge, quinazolinone-directed C(sp®)-H functionalization was not known

until this report.

a) Previous catalytic C(sp?)-H functionalization systems

H FG
DCJ Pd"/Rh"/1"/Ru"/Co"/Cu" U

DG = Mono/Bidentate directing groups ~ Where, FG = aryl, OR, SR, NRR,
alkyl, olefins, alkynes, halogens, etc.

b) This work: Quinazolinone directed C(sp?)- acetoxylatlons

CH3 CH3
NaZCO3 CH3

Scheme 1. Transition metal-catalyzed C(sp3)—H functionalizations

2.2.4. Origin of the Work:

Site-selective C—H bond functionalization now could be considered as a reliable strategy for
derivatization of complex synthetic intermediates, but its use for late-stage diversification of
bioactive molecules is limited, particularly at unactivated sp*-hybridized C—H bonds of bioactive
compounds. Recently, our laboratory has introduced a new protocol for regioselective C(sp?)-
arylations of quinazolinone, directed by intrinsic quinazolinone scaffold.? In continuation of our
interest in the functionalization of quinazolinone alkaloids by C-H bond activation, we
anticipated that quinazolinone scaffold could be used as an intrinsic directing group for the
C(sp®)-H functionalizations. The C(sp®)-acetoxylation is widely studied process by using various
directing groups. In this context, herein we planned to develop quinazolinone directed diverse

C(sp®)-acetoxylations (Scheme 1b).
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2.2.5. Objective of the work:

Due to the extensive occurrence of quinazolinone scaffold in bioactive natural products and
pharmaceuticals, derivatization of quinazolinones would provide novel quinazolinones for the
screening of various biological activities. We envisioned that the quinazolinone core could be
exploited as the intrinsic directing group for the metal-catalyzed C(sp®)-H bond activation,
which would afford novel quinazolinones for structure-activity-relationship (SAR) studies and
developed protocol could be used for the synthesis of natural products and diversification of

bioactive molecules.

2.2.6. Result and Discussion:

The optimization of the desired protocol was carried out on the substrate 1a (Table 1). We first
attempted the commonly used C(sp®)-acetoxylation reaction condition using Pd-catalyst and
diacetoxy iodobenzene (PIDA) in acetic acid, but we observed the expected product 2a
formation in moderate yields (entries 1, 2). Interestingly, we did not observe any C(sp?)-
acetoxylated product for this substrate.®” Increase in the oxidant mole ratio showed a little
improvement in the yield (entry 3). To our delight, when the catalyst loading was doubled, the
expected product 2a was obtained in very good yield (entry 4). Further increase in the oxidant
did not improve the yield substantially (entry 5). Many other deviations from the standard
condition (entry 4) including solvent, additive, without metal, other metal-catalyst and oxidants
resulted in either no reaction or inferior yields (entries 6-11). It is interesting to note that the
optimized reaction condition (entry 4) could furnish acetoxylated product 2a in good yield
without using acetic anhydride as a co-solvent, which is generally used for such acetoxylation

reactions.
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Table 1. Optimization Studies

(0}
_CH
_catalyst, additive N s
Z
)\@ solvent, temp N)\©
OAc 2a

entrya catalyst (x mol%) oxidant (equiv) solvent/temp °C yield (%)b
1 Pd(OACc), (10) Phl(OAc), (1) AcOH/100 52
2 Pd(OAC). (5) PhI(OAc), (1.1) AcOH/120 58
3 Pd(OAC). (5) PhI(OAC), (1.5) AcOH/120 63
4 Pd(OAc), (10) PhI(OAc); (1.5) AcOH/120 80
5 Pd(OAc), (10) Phl(OAc), (2) AcOH/120 81
6 Pd(OAc), (10) PhI(OACc), (1.5) toluene/120 N.R.
7° Pd(OAc), (10) PhI(OAC), (1.5) AcOH/120 62
8 - PhI(OAC), (1.5) AcOH/120 N.R.
9 Cu(OAc), (10) PhI(OAC), (1.5) AcOH/120 N.R.
10 Pd(OAc), (10) K2S,05 (1.5) AcOH/120 13
11 Pd(OACc), (10) oxone (1.5) AcOH/120 25

3Reaction conditions: 1a (0.2 mmol), AcOH (1 mL) in glass tube with screw cap for 24 h. Plsolated yield. N.R. = No reaction.
‘Additive: 1.5 equiv Na,CO4

After having the identified optimal condition, we next evaluated the scope of the reaction with
respect to the substituent variation at various positions of quinazolinones (Scheme 2). The N-H
free quinazolinone, when subjected under the developed protocol, ended up in the complex
reaction mixture, and no expected product 2b was detected. Hence, initially N-Me substitution
was kept constant and the effect of variation at the second position of quinazolinone ring was
studied. As mentioned above, quinazolinone with the phenyl ring substituent at the second
position provided product 2a in very good yield, however with electron-donating/withdrawing
and halo-substituents on the phenyl ring the expected products 2c-e were observed in moderate
to good vyields. The steric hindrance of the aromatic ring at the second position might be
affecting the metal coordination and thus resulting in the moderate yields. Pleasingly, the

quinazolinones with heterocyclic substituents at the second position produced expected products
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(Pf‘\ cat. Pd(OAc)2
OAc 2

O

N,CH3 N-CHa
/ N/)\® NS
OAC 0, OAc NF OAc N

2a (R Me 80%) 2c (60%) 2d 45% 29 68% 2f (80%) 29 (91%)

2b (R = H, ND)

o 0 0 /@
N’g:z )N/\Ph )N

N/)\f—cH3 N7 N

oac OAc OAC OAc OAc
2h (trace)® 5% (82%) (85%) 21 (89%) 2m (95%)

®Instead other isomer (scheme 4, 2p) formed as a major product. ND = not detected.

Scheme 2. Palladium catalyzed benzylic-acetoxylations of various quinazolinones

2f and 2g in good to excellent yields. Probably the heteroatoms of these substituents coordinate
with the metal catalyst more effectively, and substrates behave like a bidentate directing group
and hence enhance the reaction. Surprisingly, when alkyl substituted quinazolinone was
subjected under the developed protocol, the expected product 2h was formed in a trace amount
along with the formation of other C(sp®)-acetoxylation product. The quinazolinone without
substitution at the second position provided product 2i in very good vyield. Furthermore, the
scope of the reaction with respect to N-substituent variation was studied. Various N-substitutions
were well tolerated and furnished the corresponding products such as primary alkyl 2j,

cyclohexyl 2k, benzyl 21 and phenyl 2m in very good to excellent yields.

The result obtained in the scheme 2 with substrate 1h, prompted us to investigate the scope of the
C(sp®)-acetoxylation reaction on 2-tert-butyl substituted quinazolinones. We prepared substrate
1n for this study (Scheme 3). Application of our standard condition on 1n provided the

monoacetoxylated product 2n and diacetoxylated product 2na in almost equivalent ratio
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(Condition A). To improve the selectivity, we tried few additives, and gratifyingly addition of
sodium carbonate furnished selectively the monoacetoxylated product 2n in very good yield
(Condition B). The crucial effect of a base on the outcome of a reaction was previously observed
for C(sp?)/C(sp®)-arylation.”'® Further increase in the oxidant and additive showed enhancement
in the diacetoxylated product 2na along with substantial amount of monoacetoxylated product 2n
(Condition C, D). However, in the absence of the base, we observed the exclusive formation of
diacetoxylated product 2na in moderate yield (Condition E). We did not observe the formation

of the corresponding triacetoxylated product 2nb in any of these reactions.

Pd(OAc),
| _(10mol%)

120°C, 24 h
2n  AcO H 2na AcO 2nbAcO
Reaction Conditions [ yield(%)]
2n:2na:2nb
Condition A: PhI(OAc), (1.1 equiv) 18: 20 :ND

Condition B: Phl(OAc), (1.1 equiv), Na,CO3 (1.1 equiv) 85: <2 :ND

Condition C: Phl(OAc), (3 equiv), Na,CO3 (3 equiv) 38: 55 :ND
Condition D: Phl(OAc), (5 equiv), Na,CO3 (5 equiv) 21: 73 :ND
Condition E: Phl(OAc), (5 equiv) ND : 45 :ND

Scheme 3. The effect of a base on Palladium catalyzed C(sp®)-acetoxylations

With the optimized condition (scheme 3) for selective monoacetoxylation of 2-tert-butyl
quinazolinones in hand, we planned to study the scope of the reaction (Scheme 4). The
quinazolinone substrate without any substitution at aromatic ring afforded the product 2n in good
yield. The methyl substituted quinazolinones 20 and 2p were obtained in good and moderate
yields respectively. The 6-methoxy substituted quinazolinone under the developed protocol

conceded product 2g formation in good yield. The reaction scope could be further extended to
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o] o)
_CH _CH
. N“7 % cat. Pd(OAc), N
R P CHj3 W»R P CH3
N/KtCHB a2t N/‘\tCHa
2 OAc

1 H

o) o) 0 0
\CHa  HC \CH \CHa  Meo \-CHa
CH, CH, CH, CH,
— — b —
N/KtCH3 N/‘\tCH-j N/KtCH\o, N/‘\tCHg,
) )

CHs

OAc 2p (45%

OAc OAc OAc

2n (85%) 2q (75%)

20 (80%

0 0 0
| _CH . .
\-CHs F \-CHs \-CHs
CHs CHs CH,
P~ P 7
N CHs N/KECH3 O,N N/KECHa
C

OA 0A 0A
2r (65%) 2s (64%) ¢ 2t (70%) ¢

Trace amount of diacetoxylated products were observed in all the cases.

Scheme 4. Palladium-catalyzed C(sp®)-acetoxylations of various quinazolinones
obtain iodo 2r and fluoro 2s quinazolinones. The electron deficient quinazolinone with a nitro

substituent was also tolerated and furnished the product 2t in very good yield.

Pd(OAc); (10 mol%)

N by (20 mol%) N-CHs
N/) Oxone (3 equiv) } N/)
AcOH, 120 °C, 12 h
H 1i OAc 2i (76%)

Scheme 5. Reaction with catalytic lodobenzene and Oxone

Having developed a wide substrate scope of the reaction, we decided to study a catalytic version
of our protocol, which may be useful for practical applications. The reagent PIDA could be
regenerated in situ in the reaction from iodobenzene (20 mol%) and oxone in the acetic acid,
which would eventually act as an oxidant for the metal catalyst (Scheme 5). The product 2i was

synthesized in good yield using this catalytic process.
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A plausible mechanism for the developed C(sp®)-H activation protocol is depicted in figure 3.
According to the literature analogy,® we believe that in the first step, Pd(l1) chelates with the
imine nitrogen of quinazolinone 1 and activates the C(sp®)-H bond to form a five-membered
palladacycle A. PIDA oxidatively adds to the palladacycle A to form the palladacycle B
[PA(1V)]. The final step involves C-O bond forming reductive elimination to afford the product
2. It may proceed either by an intramolecular elimination from the metal center or Sy2 attack by

an external acetate ion.®

0 o
R’ R
N N’
~ ~
N~ "R2 N~ "R2
2 1
OAc Pd(OAc), H
S
OAc - AcOH
N,R N’R1
N/)\RZ A
© [ N" R
AcO_n_ Fd=OAc Pd
or AcO OAc ‘OAc
B A
%
Phl Ph—I_
. .4 OAc
Oxone+AcOH

Figure 3. Plausible mechanism

2.2.7. Conclusion:

In summary, quinazolinone scaffold has been successfully used as an inherent directing group for
Pd-catalyzed C(sp®)-H functionalization. Diverse novel quinazolinone derivatives have been
synthesized. The developed acetoxylation protocol could be used for the synthesis of natural
products and derivatization of bioactive quinazolinones for SAR studies. A base controlled

monoselective acetoxylation demonstrated herein may find important applications in the area of
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C-H activation. Currently, the work towards the development of quinazolinone directed
asymmetric C-H activation processes for the synthesis of bioactive natural products and their

congeners is underway in our laboratory.

2.2.8. Experimental Procedures and Characterization Data of Compounds:

)] Experimental Procedures for the Synthesis of Starting Materials:

All quinazolinone starting materials were prepared according to modified literature

procedures.**?

Method A
R3CHO;DMSO

O 0O

120 °C, 24h 0 ,
) R
2 1 e
- ~
NH, THF, rt NH, N

a) PivCl, pyridine
b) I, HMDS,
benzene

Step i: General Procedure for the Synthesis of Anthranilamides:
0 0
R1~©\)J\OH i) CDI, RQNHz‘ RL@\)kNHRz
NH, THF, rt NH,
I I

To a solution of substituted anthranilic acid I (1 mmol) in THF (5 mL) was added 1,1'-

carbonyldiimidazole (CDI) (1 mmol) under argon atmosphere and the resulting reaction mixture
was stirred at room temperature (RT) for 12 h. The corresponding amine (1.1 mmol) [or 40%

aqueous solution in case of methyl amine (5 mmol)] was added to the above reaction mixture at
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RT and stirred for another 4 h. It was diluted with ethyl acetate (50 mL), and the organic layer
was washed with water and brine followed by drying over anhydrous sodium sulfate and

concentration in vacuo. The crude anthranilamide 11 was used further without purification.

Step ii: General Procedures for the Synthesis of Quinazolinones from Anthranilamides:

: - |
Method A: Method A
o} 0
2 .R?
R NHR” R°CHO; DMSO _ 1 jl\
NH, 120 °C, 24h NT RS
I 1
(. J

The N-substituted anthranilamides 11 from step (i) (1.0 mmol; 1.0 equiv) and the corresponding
aldehydes (1.1 mmol; 1.1 equiv) [or 40% aqueous solution in the case of formaldehyde (1.5
mmol; 1.5 equiv)] were dissolved in DMSO (5 mL). The reaction mixture was stirred at 120 °C
in an open flask and the progress was monitored by TLC. After complete consumption (24 h) of
the starting materials, the reaction mixture was poured onto water and extracted with DCM. The
organic layer was combined, dried over anhydrous sodium sulfate, and concentrated in vacuo.
The crude mixture was purified by silica gel column chromatography using petroleum ether /

EtOAc (5-10:1) as eluents to afford quinazolinone 1.

Method B:

Method B

NHR? a) PivCl, pyridine N/R2

1 > 51

R b) I,, HMDS, benzene R _
NH, N

I 1

(& J

(a) To the solution of N-substituted anthranilamides Il from step (i) (1.0 mmol; 1.0 equiv) in

DCM (10 mL) was added pyridine (3 mmol; 3 equiv). After 5 minutes pivaloyl chloride (1.1

mmol; 1.1 equiv) was added slowly at RT and the resulting mixture was stirred for another 6 h.
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The reaction mixture was then diluted with DCM (50 mL) and washed with HCI (aqueous, 1M),
saturated aqueous NaHCOj3 and brine. The organic phase was dried over sodium sulfate and

concentrated in vacuo. The crude product was used further without purification.

(b) lodine (4 mmol; 4 equiv) was added to the solution of crude product from step (a) (1.0 mmol;
1.0 equiv) in benzene (10 mL). Subsequently HMDS (5 mmol; 5 equiv) was added slowly and
the reaction mixture was heated to 80 °C for 12 h. It was allowed to cool to RT and diluted with
DCM (50 mL). The organic layer was washed with agueous Na,SOs, brine and water. The
organic layer was dried over anhydrous sodium sulfate and concentrated in vacuo. The crude
product was purified by silica gel column chromatography using petroleum ether / EtOAc (5-

10:1) as eluents to afford quinazolinone 1.

3,8-Dimethyl-2-phenylquinazolin-4(3H)-one (1a)

. o N Following the Method A procedure, 1a was obtained as a colorless solid
N (153 mg; 61% vyield). Rf: 0.5 (1:4 EtOAc: Pet. ether); mp 121-124 °C;
b7
N)\© 'H NMR (400 MHz, CDCls) 6 (ppm) 8.19 (d, J = 7.9 Hz, 1H), 7.65-7.58
. J

(m, 3H), 7.56-7.50 (m, 3H), 7.39 (t, J = 7.9 Hz, 1H), 3.52 (s, 3H), 2.61
(s, 3H); *C NMR (100 MHz, CDCls) & (ppm) 163.3, 154.6, 146, 136.1, 135.8, 134.8, 129.9,
128.6, 128.4, 126.5, 124.3, 120.4, 34.4, 17.3; HRMS (ESI-TOF) m/z: [M+H]" calcd for

C16H150N, 251.1179, found 251.1177.
2-(4-Methoxyphenyl)-3,8-dimethylquinazolin-4(3H)-one (1c)

Following the Method A procedure, 1c was obtained as a colorless solid (118 mg; 42% yield).
Rf: 0.4 (1:4 EtOAC: Pet. ether); mp 161-163 °C; *H NMR (400 MHz, CDCls) 6 (ppm) 8.17 (d, J

= 7.9 Hz, 1H), 7.64-7.52 (m, 3H), 7.37 (t, J = 7.9 Hz, 1H), 7.04 (d, J = 8.5 Hz, 2H), 3.90 (s, 3H),
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( o Y 3.56 (s, 3H), 2.61 (s, 3H); **C NMR (100 MHz, CDCl3) § (ppm)
/N/ 163.5, 160.9, 154.5, 146.1, 135.9, 134.7, 130.2, 128.2, 126.2, 124.3,
NJ\@\O/ 120.3, 114, 55.4, 34.6, 17.3; HRMS (ESI-TOF) m/z: [M+H]" calcd

- “ for C17H170,N, 281.1285, found 281.1284.

3,8-Dimethyl-2-(4-nitrophenyl)quinazolin-4(3H)-one (1d)

Following the Method A procedure, 1d was obtained as a pale
0

N~ yellow solid (148 mg; 50% vyield). Rf: 0.5 (1:3 EtOAc: Pet. ether);

N/)\©\ mp 221-223 °C; *H NMR (400 MHz, CDCls) § (ppm) 8.41 (d, J =
NO,

8.5 Hz, 2H), 7.19 (d, J = 7.9 Hz, 1H), 7.83 (d, J = 8.5 Hz, 2H), 7.64

& J

(d, J = 6.7 Hz, 1H), 7.43 (d, J = 7.4 Hz, 1H), 3.52 (s, 3H), 2.59 (s, 3H); °C NMR (100 MHz,

CDCls) 0 (ppm) 162.8, 152.3, 148.5, 145.6, 141.5, 136.3, 135.1, 129.7, 127.3, 124.4, 124, 120.6,

34.2, 17.2; HRMS (ESI-TOF) m/z: [M+H]" calcd for C16H;403N3 296.1030, found 296.1030.

2-(2-Fluorophenyl)-3,8-dimethylquinazolin-4(3H)-one (1e)

- N Following the Method A procedure, 1e was obtained as a colorless solid
0
N~ (161 mg; 60% yield). Rf: 0.5 (1:4 EtOAc: Pet. ether); mp 129-131 °C; 'H
~
NJ?@ NMR (400 MHz, CDClI3) ¢ (ppm) 8.20 (d, J = 7.9 Hz, 1H), 7.66-7.49 (m,
F
- 2 3H), 7.41 (t, J=7.9 Hz, 1H), 7.34 (t, J = 7.9 Hz, 1H), 7.22 (t, J = 9.2 Hz,

1H), 3.48 (s, 3H), 2.61 (s, 3H); *C NMR (100 MHz, CDCl3)  (ppm) 162.7, 159.4 (d, J = 248.9
Hz), 150.4, 146, 136.2, 134.8, 132 (d, J = 8.5 Hz), 130.7 (d, J = 3.1 Hz), 126.8, 124.9 (d, J = 3.1
Hz), 124.3, 124 (d, J = 15.4 Hz), 120.7, 115 (d, J = 20.8 Hz), 32.8 (d, J = 3.9 Hz), 17.3; HRMS

(ESI-TOF) m/z: [M+H]" calcd for C1H14ON,F 269.1085, found 269.1084.
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3,8-Dimethyl-2-(pyridin-2-yl)quinazolin-4(3H)-one (1f)

- = ~ Following the Method A procedure, 1f was obtained as a colorless solid
N~ (138 mg; 55% vyield). Rf: 0.5 (1:2.3 EtOAc: Pet. ether); mp 165-167 °C;

N7 T | H NMR (400 MHz, CDCl3) d (ppm) 8.72 (d, J = 4.3 Hz, 1H), 8.20 (d, J

- - = 7.9 Hz, 1H), 7.96-7.88 (m, 2H), 7.61 (d, J = 7.3 Hz, 1H), 7.48-7.37

(m, 2H), 3.65 (s, 3H), 2.63 (s, 3H); *C NMR (100 MHz, CDCls) & (ppm) 163.1, 154.1, 152.3,
1485, 145.8, 137.2, 136.1, 134.7, 126.8, 124.9, 124.5, 124.4, 120.9, 33.6, 17.2; HRMS (ESI-

TOF) m/z: [M+H]" calcd for C15sH140N3 252.1131, found 252.1129.

3,8-Dimethyl-2-(quinolin-2-yl)quinazolin-4(3H)-one (19)

- N Following the Method A procedure, 1g was obtained as a colorless
0
N~ solid (157 mg; 52% yield). Rf: 0.5 (1:4 EtOAc: Pet. ether); mp 198-
NS 200 °C; 'H NMR (400 MHz, CDCls) & (ppm) 8.38 (d, J = 8.5 Hz,
N~
1H), 8.23 (d, J = 7.9 Hz, 1H), 8.16 (d, J = 8.5 Hz, 1H), 8.05 (d, J =

7.9 Hz, 1H), 7.93 (d, J = 7.9 Hz, 1H), 7.81 (t, J = 7.9 Hz, 1H), 7.66 (t,
J=7.9Hz, 1H), 7.62 (d, J = 7.3 Hz, 1H), 7.42 (t, J = 7.9 Hz, 1H), 3.78 (s, 3H), 2.65 (s, 3H); *C
NMR (100 MHz, CDCls) 6 (ppm) 163.2, 153.6, 152.4, 146.7, 145.8, 137.3, 136.2, 134.7, 130.2,
129.7, 128, 127.8, 127.6, 127, 124.5, 121.9, 121, 33.7, 17.3; HRMS (ESI-TOF) m/z: [M+H]"

calcd for C19H160N3 302.1288, found 302.1284.
2-(tert-Butyl)-3,8-dimethylquinazolin-4(3H)-one (1h)

Following the Method B procedure, 1h was obtained as a beige solid (124 mg; 54% yield). Rf:
0.5 (1:6 EtOAC: Pet. ether); mp 56-58 °C; *H NMR (400 MHz, CDCls) J (ppm) 8.09 (d, J = 7.9

Hz, 1H), 7.55 (d, J = 7.3 Hz, 1H), 7.32 (t, J = 7.9 Hz, 1H), 3.76 (s, 3H), 2.60 (s, 3H), 1.57 (s,

Dnyaneshwar N. Garad, Ph.D. Thesis Page 109



Chapter 2

0 9H); *C NMR (100 MHz, CDCls) § (ppm) 164.4, 159.9, 145.1, 136.1,
N 134.3, 126, 123.9, 119.7, 39.6, 33.4, 29.6, 17; HRMS (ESI-TOF) m/z:
~

NH/

[M+H]" calcd for C14H190N, 231.1492, found 231.1491.

3,8-Dimethylquinazolin-4(3H)-one (1i)

Following the Method A procedure, 1i was obtained as a colorless solid (139
mg; 80% vield). Rf: 0.5 (1:2 EtOAc: Pet. ether); mp 81-84 °C; *H NMR (400

MHz, CDCI3) 6 (ppm) 8.16 (d, J = 7.9 Hz, 1H), 8.06 (s, 1H), 7.59 (d, J = 7.3

Hz, 1H), 7.38 (t, J = 7.9 Hz, 1H), 3.59 (s, 3H), 2.61 (s, 3H); *C NMR (100 MHz, CDCls) &
(ppm) 161.9, 146.9, 145.5, 135.8, 134.8, 126.8, 124.2, 121.9, 34, 17.4; HRMS (ESI-TOF) m/z:

[M+H]" calcd for C1oH11:ON, 175.0866, found 175.0865.
8-Methyl-3-propylquinazolin-4(3H)-one (1j)

Following the Method A procedure, 1j was obtained as a colorless solid

0
N | (136 mg; 67% yield). Rf: 0.4 (1:4 EtOAcC: Pet. ether); mp 100-102 °C;'H

P

N NMR (400 MHz, CDCls) J (ppm) 8.17 (d, J = 7.9 Hz, 1H), 8.05 (s, 1H),

7.59 (d, J = 7.3 Hz, 1H), 7.38 (t, J = 7.9 Hz, 1H), 3.97 (¢, J = 6.7 Hz,
2H), 2.61 (s, 3H), 1.89-1.80 (m, 2H), 1.00 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CDCls) ¢
(ppm) 161.4, 146.7, 145.4, 135.7, 134.7, 126.7, 124.4, 122.2, 48.5, 22.6, 17.4, 11.1; HRMS (ESI-

TOF) m/z: [M+H]" calcd for C1,H350N, 203.1179, found 203.1176.
3-Cyclohexyl-8-methylquinazolin-4(3H)-one (1k)

Following the Method A procedure, 1k was obtained as a colorless solid (109 mg; 45% yield).

Rf: 0.5 (1:6 EtOAC: Pet. ether); mp 162-164 °C; *H NMR (500 MHz, CDCls) 6 (ppm) 8.17 (d, J
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5 = 7.6 Hz, 1H), 8.16 (s, 1H), 7.59 (d, J = 6.9 Hz, 1H), 7.38 (t, J = 7.6

NN | Hz, 1H), 4.86-4.76 (m, 1H), 2.61 (s, 3H), 2.01 (d, J = 11.4 Hz, 2H),

»
N 1.94 (d, J = 13.3 Hz, 2H), 1.79 (d, J = 13.7 Hz, 1H), 1.69-1.58 (m,

2H), 1.58-1.46 (m, 2H), 1.32-1.20 (m, 1H); *C NMR (125 MHz, CDCls) § (ppm) 161, 146.1,
142.7, 135.5, 134.7, 126.7, 124.6, 121.9, 53.2, 32.6, 25.9, 25.3, 17.3; HRMS (ESI-TOF) m/z:

[M+H]" calcd for C15H190N, 243.1492, found 243.1490.
3-Benzyl-8-methylquinazolin-4(3H)-one (11)
Following the Method A procedure, 1l was obtained as a colorless
o)
N/\@ solid (163 mg; 65% yield). Rf: 0.5 (1:4 EtOAc: Pet. ether); mp 143-
N/) 144 °C; 'H NMR (400 MHz, CDCls) 6 (ppm) 8.19 (d, J = 7.9 Hz,

1H), 8.14 (s, 1H), 7.61 (d, J = 7.3 Hz, 1H), 7.44-7.28 (m, 6H), 5.21

(s, 2H), 2.61 (s, 3H); **C NMR (100 MHz, CDCls) 6 (ppm) 161.4, 146.6, 145.1, 135.9, 135.8,
134.9, 129, 128.3, 128, 126.9, 124.6, 122.2, 49.5, 17.4; HRMS (ESI-TOF) m/z: [M+H]" calcd

for C16H150N, 251.1179, found 251.1175.
8-Methyl-3-phenylquinazolin-4(3H)-one (1m)

Following the Method A procedure, 1m was obtained as a colorless

0
N/© solid (85 mg; 36% yield). Rf: 0.4 (1:9 EtOAc: Pet. ether); mp 117-119

N/) °C; 'H NMR (400 MHz, CDCls) & (ppm) 8.23 (d, J = 7.9 Hz, 1H), 8.16

(s, 1H), 7.66 (d, J = 7.3 Hz, 1H), 7.56 (t, J = 7.3 Hz, 2H), 7.50 (t, J =
7.3 Hz, 1H), 7.47-7.41 (m, 3H), 2.67 (s, 3H); *C NMR (100 MHz, CDCls) 6 (ppm) 161.1, 146.4,
144.8, 137.6, 136, 135.2, 129.6, 129, 127.2, 127, 124.9, 122.4, 17.4; HRMS (ESI-TOF) m/z:

[M+H]" calcd for C15H130N, 237.1022, found 237.1019.
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2-(tert-Butyl)-3-methylquinazolin-4(3H)-one (1n)

Following the Method B procedure, 1n was obtained as a colorless solid
0

©\)LN/ (119 mg; 55% yield). Rf: 0.5 (1:6 EtOAC: Pet. ether): mp 63-65 °C; 'H
N/)\~/ NMR (400 MHz, CDCl3) ¢ (ppm) 8.25 (d, J =7.9 Hz, 1H), 7.70 (t, J = 7.3

Hz, 1H), 7.64 (d, J = 7.9 Hz, 1H), 7.43 (t, J = 7.3 Hz, 1H), 3.76 (s, 3H),

1.55 (s, 9H); °C NMR (100 MHz, CDCl3) & (ppm) 164, 161.3, 146.7, 133.8, 127.4, 126.4, 126.3,
119.8, 39.2, 33.6, 29.6; HRMS (ESI-TOF) m/z: [M+H]" calcd for C1sH17ON, 217.1335, found

217.1335.

2-(tert-Butyl)-3,6-dimethylquinazolin-4(3H)-one (10)

Following the Method B procedure, 10 was obtained as a colorless solid
0

\O\)LN/ (104 mg; 45% vyield). Rf: 0.5 (1:9 EtOAC: Pet. ether); mp 104-106 °C; *H
N’)\~/ NMR (400 MHz, CDCls) 6 (ppm) 8.04 (s, 1H), 7.53 (t, J = 9.2 Hz, 2H),

3.75 (s, 3H), 2.48 (s, 3H), 1.55 (s, 9H); **C NMR (100 MHz, CDCls) &

(ppm) 164.1, 160.4, 144.8, 136.5, 135.4, 127.3, 125.7, 119.6, 39.1, 33.6, 29.7, 21.3; HRMS (ESI-

TOF) m/z: [M+H]" calcd for C14H190N, 231.1492, found 231.1490.

2-(tert-Butyl)-6-methoxy-3-methylquinazolin-4(3H)-one (1q)

Following the Method B procedure, 1q was obtained as a thick oil
0

Meo\©\)LN/ (99 mg; 40% yield). Rf: 0.5 (1:4 EtOAc: Pet. ether); H NMR (400
N/)\~/ MHz, CDCls) § (ppm) 7.61 (d, J = 2.4 Hz, 1H), 7.57 (d, J = 8.6 Hz,

1H), 7.31 (dd, J = 8.6, 2.4 Hz, 1H), 3.92 (s, 3H), 3.77 (s, 3H), 1.55 (s,
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9H); **C NMR (100 MHz, CDCl3) & (ppm) 163.9, 159.1, 158.1, 141.5, 129.1, 124.4, 120.5,
105.4, 55.8, 39, 33.7, 29.7; HRMS (ESI-TOF) m/z: [M+H]" calcd for C1sH150,N, 247.1441,

found 247.1439.

2-(tert-Butyl)-6-iodo-3-methylquinazolin-4(3H)-one (1r)

S Following the Method B procedure, 1r was obtained as a colorless solid

|\©\)LN/ (120 mg; 35% vield). Rf: 0.5 (1:9 EtOAc: Pet. ether); mp 109-111 °C; *H
N/)\\/ NMR (400 MHz, CDClg) 6 (ppm) 8.58 (d, J = 1.8 Hz, 1H), 7.95 (dd, J =

8.6, 1.8 Hz, 1H), 7.37 (d, J = 8.6 Hz, 1H), 3.74 (s, 3H), 1.54 (s, 9H); *C NMR (100 MHz,

CDCls) J (ppm) 162.6, 162.1, 146, 142.6, 135.2, 129.4, 121.5, 90.6, 39.4, 33.8, 29.6; HRMS

(ESI-TOF) m/z: [M+H]" calcd for C13H160N,I 343.0302, found 343.0299.

2-(tert-Butyl)-6-fluoro-3-methylquinazolin-4(3H)-one (1s)

Following the Method B procedure, 1s was obtained as a colorless
0

F\©\)kN/ solid (112 mg; 48% yield). Rf: 0.5 (1:9 EtOAc: Pet. ether); mp 69-71
N/)\~/ °C; 'H NMR (400 MHz, CDCl3) 6 (ppm) 7.87 (dd, J = 8.6, 2.4 Hz, 1H),

7.65 (dd, J = 9.2, 4.9 Hz, 1H), 7.42 (dt, J = 8.6, 2.4 Hz, 1H), 3.76 (s,

3H), 1.55 (s, 9H); °C NMR (100 MHz, CDCls) & (ppm) 163.4 (d, J = 3.1 Hz), 160.7 (d, J =
247.4 Hz), 160.6 (d, J = 1.5 Hz), 143.4, 129.9 (d, J = 8.5 Hz), 122.5 (d, J = 23.9 Hz), 120.9 (d, J
= 8.5 Hz), 110.9 (d, J = 23.9 Hz), 39.2, 33.7, 29.6; HRMS (ESI-TOF) m/z: [M+H]" calcd for

Ci13H160N,F 235.1241, found 235.1240.

Dnyaneshwar N. Garad, Ph.D. Thesis Page 113



Chapter 2

2-(tert-Butyl)-3-methyl-7-nitroquinazolin-4(3H)-one (1t)

o Following the Method B procedure, 1t was obtained as a pale yellow

dN/ solid (86 mg; 33% vield). Rf: 0.5 (1:4 EtOAc: Pet. ether); mp 152-
o N/)\k

154 °C; 'H NMR (400 MHz, CDCls) & (ppm) 8.49 (d, J = 1.8 Hz,

1H), 8.39 (d, J = 8.6 Hz, 1H), 8.18 (dd, J = 8.6, 1.8 Hz, 1H), 3.79 (s, 3H), 1.57 (s, 9H); *C NMR
(100 MHz, CDCl3) & (ppm) 163.9, 162.8, 151.4, 147.2, 128.3, 123.8, 123.2, 120, 39.6, 33.9,

29.5; HRMS (ESI-TOF) m/z: [M+H]" calcd for C13H1603N3 262.1186, found 262.1185.

) Experimental Procedures for Pd-Catalyzed C(sp®)-Acetoxylation:

General Procedure- 1:
'd N\
0 0
1 R1
N/R cat. Pd(OAc), )N\/
/

N/)\Rz P re

H 1am OAc 2a-m
\\ J

A glass tube with screw cap was charged with quinazolinone 1a-m (0.2 mmol), Pd(OAc), (0.02
mmol) and diacetoxy iodobenzene (PIDA) (0.3 mmol). To this mixture, AcOH (1 mL; 0.2M)
was added and the tube was flushed twice with argon gas. It was sealed with a Teflon screw cap
and placed in a preheated oil bath at 120 °C. The progress of the reaction was monitored by TLC.
The reaction mixture was cooled to RT after 8-24 h, diluted with ethyl acetate, and evaporated
under vacuo to dryness. The residue was purified by column chromatography to afford pure

quinazolinone 2a-m.
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General Procedure-2:

@\»

A glass tube with screw cap was charged with quinazolinone 1n-t (0.2 mmol), Pd(OAc), (0.02

-CH3

cat. Pd(OAc)2 d
CH3 CH

2nt

3

mmol), diacetoxy iodobenzene (PIDA) (0.22 mmol) and sodium carbonate (0.22 mmol). To this
mixture, AcOH (1 mL; 0.2M) was added and the tube was flushed twice with argon gas. It was
sealed with a teflon screw cap and placed in a preheated oil bath at 120 °C. The progress of the
reaction was monitored by TLC. The reaction mixture was cooled to RT after 24 h, diluted with
ethyl acetate, and evaporated under vacuo to dryness. The residue was purified by column

chromatography to afford pure quinazolinone 2n-t.

I11)  Experimental Procedure-3 (Catalytic PIDA):

N

P

_CH, Pd(OAC); (10 moi%)

Phl (20 mol%)

’

N Oxone (3 equiv) N
(6] -
Rt AcOH, 120 °C, 12 h OAc 2i (76%)

& J

A glass tube with screw cap was charged with quinazolinone 1i (35 mg; 0.2 mmol), Pd(OAc),
(4.5 mg; 0.02 mmol), iodobenzene (5 pL; 0.04 mmol) and oxone (185 mg; 0.6 mmol). To this
mixture, AcCOH (1 mL; 0.2M) was added and the tube was flushed twice with argon gas. It was
sealed with a teflon screw cap and placed in a preheated oil bath at 120 °C. The progress of the

reaction was monitored by TLC. The reaction mixture was cooled to RT after 12 h, diluted with
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ethyl acetate, and evaporated under vacuo to dryness. The residue was purified by column

chromatography to afford pure quinazolinone 2i (35 mg; 76%).

(3-Methyl-4-ox0-2-phenyl-3,4-dihydroquinazolin-8-yl)methyl acetate (2a)

N
J

According to the general procedure-1, the title compound 2a was

0
N obtained as a colorless solid (49 mg; 80% vyield); reaction time: 24 h;
~
N)\© Rf: 0.4 (1:4 EtOAc: Pet. ether); mp 137-139 °C; *H NMR (400 MHz,
OAc
(. J

CDCls) 6 (ppm) 8.31 (d, J = 7.9 Hz, 1H), 7.80 (d, J = 7.3 Hz, 1H), 7.65-
7.58 (m, 2H), 7.57-7.46 (M, 4H), 5.62 (s, 2H), 3.54 (s, 3H), 2.14 (s, 3H); *C NMR (100 MHz,
CDCls) 6 (ppm) 170.9, 162.9, 155.5, 145.2, 135.4, 133.2, 133, 130.1, 128.6, 128.4, 126.6, 126.5,
1205, 62, 34.5, 21; HRMS (ESI-TOF) m/z: [M+H]" calcd for CigH17O3N, 309.1234, found

309.1230.

(2-(4-Methoxyphenyl)-3-methyl-4-oxo-3,4-dihydroquinazolin-8-yl)methyl acetate (2c)

e 5 N According to the general procedure-1, the title compound 2c was
N~ obtained as a colorless solid (41 mg; 60% vyield); reaction time: 24
=
N)\©\ h; Rf: 0.5 (1:3 EtOAC: Pet. ether); mp 117-119 °C; *H NMR (400
OAc OMe
C J MHz, CDCl3) ¢ (ppm) 8.29 (d, J = 7.9 Hz, 1H), 7.79 (d, J = 7.3

Hz, 1H), 7.58 (d, J = 8.5 Hz, 2H), 7.47 (d, J = 7.3 Hz, 1H), 7.04 (d, J = 8.5 Hz, 2H), 5.62 (s, 2H),
3.90 (s, 3H), 3.57 (s, 3H), 2.14 (s, 3H); *C NMR (100 MHz, CDCls) § (ppm) 170.9, 163.1,
161.1, 155.3, 145.3, 133, 130.2, 127.7, 126.5, 126.3, 120.3, 113.9, 62, 55.5, 34.7, 21.1; HRMS

(ESI-TOF) m/z: [M+H]" calcd for C1oH1904N, 339.1339, found 339.1335.
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(3-Methyl-2-(4-nitrophenyl)-4-oxo-3,4-dihydroquinazolin-8-yl)methyl acetate (2d)

4 ) N According to the general procedure-1, the title compound 2d was
N obtained as a pale yellow solid (32 mg; 45% yield); reaction time:
~
N)\©\ 24 h; Rf: 0.4 (1:3 EtOAC: Pet. ether); mp 201-203 °C; 'H NMR
OAc NO,
> (400 MHz, CDCls) 6 (ppm) 8.41 (d, J = 8.5 Hz, 2H), 8.32 (d, J =

7.9 Hz, 1H), 7.88-7.77 (m, 3H), 7.55 (t, J = 7.9 Hz, 1H), 5.58 (s, 2H), 3.53 (s, 3H), 2.14 (s, 3H);
13C NMR (100 MHz, CDCl3) & (ppm) 170.8, 162.4, 153.3, 148.6, 144.8, 141, 133.4, 129.7,
127.4, 126.6, 124, 120.6, 61.7, 34.3, 21; HRMS (ESI-TOF) m/z: [M+H]" calcd for C15H160sNs

354.1084, found 354.1077.

(2-(2-Fluorophenyl)-3-methyl-4-oxo0-3,4-dihydroquinazolin-8-yl)methyl acetate (2e)

- ~ According to the general procedure-1, the title compound 2e was
0
N E obtained as a colorless solid (44 mg; 68% yield); reaction time: 24 h;
N/)\© Rf: 0.4 (1:3 EtOAC: Pet. ether); mp 89-91 °C; *H NMR (500 MHz,
OA
L ¢ ) CDCly) & (ppm) 8.32 (d, J = 8 Hz, 1H), 7.82 (d, J = 7.3 Hz, 1H), 7.60-

7.49 (m, 3H), 7.34 (t, J = 7.6 Hz, 1H), 7.23 (t, J = 8.8 Hz, 1H), 5.60 (s, 2H), 3.50 (d, J = 1.5 Hz,
3H), 2.14 (s, 3H); **C NMR (125 MHz, CDCls) d (ppm) 170.9, 162.3, 159.3 (d, J = 248.9 Hz),
151.4, 145.2, 133.3, 133, 132.2 (d, J = 8.6 Hz), 130.7 (d, J = 1.9 Hz), 126.9, 126.6, 124.9 (d, J =
2.9 Hz), 123.7 (d, J = 15.3 Hz), 120.8, 115.9 (d, J = 21 Hz), 61.9, 32.9, (d, J = 3.8 Hz), 21;

HRMS (ESI-TOF) m/z: [M+H]" calcd for C1gH1603N,F 327.1139, found 327.1135.
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(3-Methyl-4-oxo0-2-(pyridin-2-yl)-3,4-dihydroquinazolin-8-yl)methyl acetate (2f)

f o N\ According to the general procedure-1, the title compound 2f was
N7 obtained as a colorless solid (50 mg; 80% vyield); reaction time: 12 h; Rf:
~
A
N Nl P 0.4 (1:2 EtOAc: Pet. ether); mp 164-166 °C; 'H NMR (400 MHz,
OAc

.

g

CDCls) § (ppm) 8.72 (d, J = 4.3 Hz, 1H), 8.33 (d, J = 7.9 Hz, 1H), 7.92

(d, J = 3.7 Hz, 2H), 7.81 (d, J = 7.3 Hz, 1H), 7.52 (t, J = 7.3 Hz, 1H), 7.46 (m, 1H), 5.63 (s, 2H),
3.68 (s, 3H), 2.14 (s, 3H); *C NMR (100 MHz, CDCls) J (ppm) 170.9, 162.7, 153.8, 153.2,
148.4, 145, 137.3, 133.2, 133.1, 126.9, 126.7, 125.1, 124.7, 121, 61.9, 33.7, 21; HRMS (ESI-

TOF) m/z: [M+H]" calcd for C17H1603N3 310.1186, found 310.1181.

(3-Methyl-4-oxo-2-(quinolin-2-yl)-3,4-dihydroquinazolin-8-yl)methyl acetate (29)

e o N According to the general procedure-1, the title compound 2g was
N obtained as a colorless solid (65 mg; 91% yield); reaction time: 12 h;

N7 1 N Rf: 0.5 (1:3 EtOAC: Pet. ether); mp 175-177 °C; *H NMR (400 MHz,

Ohe C CDCly) 6 (ppm) 8.41-8.32 (m, 2H), 8.15 (d, J = 8.6 Hz, 1H), 8.04 (d,

J=8.6 Hz, 1H), 7.94 (d, J = 7.9 Hz, 1H), 7.86-7.77 (m, 2H), 7.67 (t,
J=7.3Hz, 1H), 7.54 (t, J = 7.3 Hz, 1H), 5.65 (s, 2H), 3.81 (s, 3H), 2.14 (s, 3H); *C NMR (100
MHz, CDCls) & (ppm) 170.9, 162.8, 153.2, 146.6, 144.9, 137.3, 133.2, 133.1, 130.3, 129.7, 128,
127.97, 127.7, 127, 126.8, 121.9, 121, 61.9, 33.8, 21; HRMS (ESI-TOF) m/z: [M+H]" calcd for

C21H1803N3 360.1343, found 360.1338.
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(3-Methyl-4-o0x0-3,4-dihydroquinazolin-8-yl)methyl acetate (2i)

According to the general procedure-1, the title compound 2i was obtained as
a colorless solid (39 mg; 85% vyield); reaction time: 12 h; Rf: 0.4 (1:2 EtOAc:
Pet. ether); mp 128-130 °C; *H NMR (400 MHz, CDCl3) & (ppm) 8.30 (d, J =

7.9 Hz, 1H), 8.08 (s, 1H), 7.81 (d, J = 7.3 Hz, 1H), 7.50 (t, J = 7.9 Hz, 1H),

5.58 (s, 2H), 3.60 (s, 3H), 2.13 (s, 3H); *C NMR (100 MHz, CDCls) J (ppm) 170.8, 161.5,

146.4, 146.37, 133.8, 133, 126.9, 126.7, 122.1, 61.9, 34.1, 21; HRMS (ESI-TOF) m/z: [M+H]"

caled for C1,H1303N, 233.0921, found 233.0918.

(4-Oxo-3-propyl-3,4-dihydroquinazolin-8-yl)methyl acetate (2j)

J

J

According to the general procedure-1, the title compound 2j was
obtained as a colorless solid (43 mg; 82% yield); reaction time: 18 h; Rf:
0.3 (1:4 EtOAC: Pet. ether); mp 97-100 °C; *H NMR (400 MHz, CDCl5)

S (ppm) 8.29 (d, J = 7.9 Hz, 1H), 8.06 (s, 1H), 7.80 (d, J = 7.3 Hz, 1H),

7.48 (t, 3 = 7.9 Hz, 1H), 5.58 (s, 2H), 3.97 (t, J = 7.3 Hz, 2H), 2.13 (s, 3H), 1.89-1.77 (m, 2H),

1.00 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CDCls) § (ppm) 170.8, 160.9, 146.3, 146.2, 133.8,

132.9, 126.8, 122.2, 61.9, 485, 22.6, 21, 11.1; HRMS (ESI-TOF) m/z: [M+H]" calcd for

C14H1703N; 261.1234, found 261.1231.

(3-Cyclohexyl-4-oxo0-3,4-dihydroquinazolin-8-yl)methyl acetate (2k)

~

According to the general procedure-1, the title compound 2k was
obtained as a colorless solid (51 mg; 85% yield); reaction time: 11 h;

Rf: 0.4 (1:6 EtOAC: Pet. ether); mp 115-117 °C; *H NMR (400 MHz,
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CDCl3) 6 (ppm) 8.30 (d, J = 7.9 Hz, 1H), 8.18 (s, 1H), 7.80 (d, J = 7.3 Hz, 1H), 7.48 (t, J = 7.9
Hz, 1H), 5.58 (s, 2H), 4.81 (t, J = 11 Hz, 1H), 2.14 (s, 3H), 2.05-1.89 (m, 4H), 1.80 (d, J = 12.8
Hz, 1H), 1.70-1.45 (m, 4H), 1.35-1.17 (m, 1H); *C NMR (100 MHz, CDCl3) & (ppm) 170.9,
160.6, 145.6, 143.7, 133.9, 132.7, 127.2, 126.7, 122, 61.9, 53.4, 32.6, 25.9, 25.2, 21; HRMS

(ESI-TOF) m/z: [M+H]" calcd for C17H,1;03N, 301.1547, found 301.1543.

(3-Benzyl-4-oxo0-3,4-dihydroquinazolin-8-yl)methyl acetate (2I)

- S ~ According to the general procedure-1, the title compound 21 was
N/\O obtained as a colorless solid (55 mg; 89% yield); reaction time: 8 h;

N/) Rf: 0.4 (1:4 EtOAcC: Pet. ether); mp 124-126 °C; *H NMR (400 MHz,

(__ Ohc J CDCls) 5 (ppm) 8.32 (d, J = 7.9 Hz, 1H), 8.15 (s, 1H), 7.82 (d, J = 7.3

Hz, 1H), 7.50 (t, J = 7.9 Hz, 1H), 7.41-7.29 (m, 5H), 5.58 (s, 2H), 5.21 (s, 2H), 2.13 (s, 3H); °C
NMR (100 MHz, CDCls) § (ppm) 170.8, 161, 146.1, 146, 135.6, 134, 133.1, 129, 128.4, 128.1,
127, 122.3, 61.8, 49.6, 21; HRMS (ESI-TOF) m/z: [M+H]" calcd for CisH1703N, 309.1234,

found 309.1230.

(4-Oxo0-3-phenyl-3,4-dihydroquinazolin-8-yl)methyl acetate (2m)

4 Y\ According to the general procedure-1, the title compound 2m was
o)
N@ obtained as a colorless solid (56 mg; 95% vyield); reaction time: 12 h;

N Rf: 0.3 (1:6 EtOAC: Pet. ether); mp 141-143 °C; *H NMR (400 MHz,

. " CDCls) 6 (ppm) 8.36 (d, J = 7.9 Hz, 1H), 8.17 (s, 1H), 7.86 (d, J = 7.3
Hz, 1H), 7.61-7.47 (m, 4H), 7.45-7.39 (m, 2H), 5.63 (s, 2H), 2.16 (s, 3H): *C NMR (100 MHz,
CDCls) & (ppm) 170.8, 160.6, 146, 145.7, 137.4, 134.3, 133.2, 129.6, 129.1, 127.3, 126.9, 122.5,

61.9, 21: HRMS (ESI-TOF) m/z: [M+H]" calcd for C17H1503N, 295.1077, found 295.1074.
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2-Methyl-2-(3-methyl-4-oxo0-3,4-dihydroquinazolin-2-yl)propyl acetate (2n)

- ~ According to the general procedure-2, the title compound 2n was

©\)LN/ obtained as a beige solid (47 mg; 85% vyield); reaction time: 24 h; Rf:

Z on. 1
N 0.5 (1:3 EtOAC: Pet. ether); mp 75-77 °C; "H NMR (400 MHz, CDCly)
OAc
J

J (ppm) 8.25 (d, J = 7.9 Hz, 1H), 7.71 (t, J = 7.9 Hz, 1H), 7.62 (d, J =

7.9 Hz, 1H), 7.45 (t, J = 7.9 Hz, 1H), 4.52 (s, 2H), 3.75 (s, 3H), 2.06 (s, 3H), 1.56 (s, 6H); °C
NMR (100 MHz, CDCls) 6 (ppm) 171.1, 163.8, 158.2, 146.4, 134, 127.5, 126.8, 126.4, 119.9,
72.1, 42.4, 33, 23.6, 21; HRMS (ESI-TOF) m/z: [M+H]" calcd for C1sH103N, 275.1390, found

275.1385.

2-Methyl-2-(3-methyl-4-oxo-3,4-dihydroquinazolin-2-yl)propane-1,3-diyl diacetate (2na)

4 o Y\ According to the general procedure-2 with PIDA (3 equiv or 5
dN/ equiv) and Na,COg3 (3 equiv or 5 equiv), the title compound 2na was
—
NJ\E\OAC obtained as a beige solid (37 mg; 55% yield or 49 mg; 73% vyield
OAc
. J

respectively); with 5 equiv of PIDA without base (30 mg; 45%
yield), reaction time: 24 h; Rf: 0.3 (1:3 EtOAC: Pet. ether); mp 114-116 °C; *H NMR (400 MHz,
CDCl3) & (ppm) 8.26 (d, J = 7.9 Hz, 1H), 7.73 (t, J = 7.3 Hz, 1H), 7.65 (d, J = 7.9 Hz, 1H), 7.47
(t, J = 7.3 Hz, 1H), 4.67 (d, J = 11.6 Hz, 2H), 4.57 (d, J = 11.6 Hz, 2H), 3.75 (s, 3H), 2.03 (5,
6H), 1.54 (s, 3H); *C NMR (100 MHz, CDCls) & (ppm) 170.7, 163.5, 155, 146.1, 134.1, 127.6,
127.1, 126.5, 120, 66.4, 46, 32.1, 20.8, 18.7; HRMS (ESI-TOF) m/z: [M+H]" calcd for

C17H2105N; 333.1445, found 333.1440.
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2-(3,6-Dimethyl-4-o0xo0-3,4-dihydroquinazolin-2-yl)-2-methylpropyl acetate (20)

According to the general procedure-2, the title compound 20 was
obtained as a colorless solid (46 mg; 80% vyield); reaction time: 24 h;

Rf: 0.3 (1:6 EtOAC: Pet. ether); mp 100-102 °C; *H NMR (400 MHz,

OAc
J

CDCI3) 6 (ppm) 8.04 (s, 1H), 7.52 (apparent s, 2H), 4.51 (s, 2H), 3.74

(s, 3H), 2.48 (s, 3H), 2.05 (s, 3H), 1.55 (s, 6H); *C NMR (100 MHz, CDCls) & (ppm) 171.1,

163.8, 157.3, 144.5, 136.9, 135.5, 127.3, 125.7, 119.7, 72.1, 42.3, 32.9, 23.7, 21.3, 21; HRMS

(ESI-TOF) m/z: [M+H]" calcd for C16H2103N, 289.1547, found 289.1545.

2-(3,8-Dimethyl-4-oxo0-3,4-dihydroquinazolin-2-yl)-2-methylpropyl acetate (2p)

X

.

OAc

J

.

According to the general procedure-2, the title compound 2p was
obtained as a beige solid (26 mg; 45% yield); reaction time: 24 h; Rf:
0.5 (1:4 EtOAc: Pet. ether); mp 81-82 °C; 'H NMR (400 MHz, CDCls)

S (ppm) 8.10 (d, J = 7.9 Hz, 1H), 7.57 (d, J = 7.3 Hz, 1H), 7.34 (t, J =

7.9 Hz, 1H), 4.54 (s, 2H), 3.75 (s, 3H), 2.56 (s, 3H), 2.07 (s, 3H), 1.57 (s, 6H); **C NMR (100

MHz, CDCls) 6 (ppm) 171.1, 164.2, 156.9, 144.9, 136.1, 134.5, 126.4, 124.1, 119.9, 72.2, 42.7,

32.9, 23.7, 21.3, 21; HRMS (ESI-TOF) m/z: [M+H]" calcd for CisH2O0sN, 289.1547, found

289.1541.

2-(6-Methoxy-3-methyl-4-o0xo0-3,4-dihydroquinazolin-2-yl)-2-methylpropyl acetate (2q)

J

According to the general procedure-2, the title compound 2q
was obtained as a colorless solid (46 mg; 75% yield); reaction

time: 24 h; Rf: 0.3 (1:4 EtOAc: Pet. ether); mp 118-120 °C; 'H
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NMR (400 MHz, CDCls) & (ppm) 7.60 (d, J = 2.4 Hz, 1H), 7.55 (d, J = 9 Hz, 1H), 7.30 (dd, J =
9, 2.4 Hz, 1H), 4.50 (s, 2H), 3.91 (s, 3H), 3.75 (s, 3H), 2.05 (s, 3H), 1.54 (s, 6H); *C NMR (100
MHz, CDCls) 6 (ppm) 171.1, 163.7, 158.4, 155.9, 141.2, 129.1, 124.5, 120.6, 105.5, 72.1, 55.8,
42.2, 33, 23.7, 21; HRMS (ESI-TOF) m/z: [M+H]" calcd for CyeH2104N, 305.1496, found

305.1493.

2-(6-1odo-3-methyl-4-o0x0-3,4-dihydroquinazolin-2-yl)-2-methylpropyl acetate (2r)

e Y\ According to the general procedure-2, the title compound 2r was

I\©\)LN/ obtained as a colorless solid (52 mg; 65% yield); reaction time: 24 h;
~
N)\k

Rf: 0.3 (1:6 EtOAC: Pet. ether); mp 131-133 °C; *H NMR (400 MHz,

OAc
~ 7 CDCl3) o (ppm) 8.58 (s, 1H), 7.96 (dd, J = 8.5, 1.8 Hz, 1H), 7.35 (d,

J =85 Hz, 1H), 4.49 (s, 2H), 3.74 (s, 3H), 2.05 (s, 3H), 1.55 (s, 6H); *C NMR (100 MHz,
CDCls) d (ppm) 171, 162.4, 159, 145.7, 142.8, 135.2, 129.4, 121.6, 91, 71.9, 42.6, 33.1, 23.6, 21;

HRMS (ESI-TOF) m/z: [M+H]" calcd for C;5sH1503N,1 401.0357, found 401.0363.

2-(6-Fluoro-3-methyl-4-oxo-3,4-dihydroquinazolin-2-yl)-2-methylpropyl acetate (2s)

N
J

According to the general procedure-2, the title compound 2s was

F\©\)LN/ obtained as a colorless solid (37 mg; 64% yield); reaction time: 24 h;
~
N)\k

Rf: 0.3 (1:6 EtOAC: Pet. ether); mp 106-108 °C; *H NMR (400 MHz,

OAc
~ g CDCl3) 6 (ppm) 7.87 (dd, J =7.9, 2.4 Hz, 1H), 7.63 (dd, J =9.2, 4.9

Hz, 1H), 7.43 (dt, J = 8.5, 2.4 Hz, 1H), 4.50 (s, 2H), 3.75 (s, 3H), 2.06 (s, 3H), 1.55 (s, 6H); °C
NMR (100 MHz, CDCls) 6 (ppm) 171, 163.1 (d, J = 3.1 Hz), 160.9 (d, J = 247.4 Hz), 157.5 (d, J

= 1.5 Hz), 143.1, 130 (d, J = 8.5 Hz), 122.7 (d, J = 23.9 Hz), 121.1 (d, J = 9.3 Hz), 111.1 (d, J =
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23.1 Hz), 72, 42.4, 33.1, 23.7, 21; HRMS (ESI-TOF) m/z: [M+H]" calcd for CisH1303N,F

293.1296, found 293.1293.

2-Methyl-2-(3-methyl-7-nitro-4-oxo-3,4-dihydroquinazolin-2-yl)propyl acetate (2t)

e o N According to the general procedure-2, the title compound 2t was

/@\)LN/ obtained as a colorless solid (45 mg; 70% vyield); reaction time: 24
O2N N/)\k h; Rf: 0.3 (1:4 EtOAc: Pet. ether); mp 117-119 °C; *H NMR (400
\ OA%) MHz, CDCl) & (ppm) 8.47 (d, J = 1.8 Hz, 1H), 8.41 (d, J = 9.2 Hz,

1H), 8.20 (dd, J = 8.6, 1.8 Hz, 1H), 4.52 (s, 2H), 3.78 (s, 3H), 2.06 (s, 3H), 1.58 (s, 6H); *C
NMR (100 MHz, CDCls) & (ppm) 170.9, 162.6, 160.9, 151.5, 146.8, 128.4, 123.9, 123.2, 120.4,
71.6, 42.9, 33.4, 23.8, 20.9; HRMS (ESI-TOF) m/z: [M+H]" calcd for CisH1s0sN3 320.1241,

found 320.1239.
2.2.9. References:

(1) (a) Ajani, O. O.; Audu, O. Y.; Aderohunmu, D. V.; Owolabi , F. E.; Olomiegja, A. O. Am. J.
Drug. Discov. Dev. 2017, 7, 1. (b) Rohokale, R. S.; Kshirsagar, U. A. Synthesis 2016, 48, 1253.
(c) Kshirsagar, U. A. Org. Biomol. Chem. 2015, 13, 9336. (d) Kahn, 1.; lbrar, A.; Ahmed, W.;
Saeed, A. Eur. J. Med. Chem. 2015, 90, 124. (e) Mhaske, S. B.; Argade, N. P. Tetrahedron 2006,
62, 9787.

(2) Rouquet, G.; Chatani, N. Angew. Chem. Int. Ed. 2013, 52, 11726.

(3) (a) Alsters, P. L.; Engel, P. F.; Hogerheide, M. P.; Copijn, M.; Spek, A. L.; van Koten, G.
Organometallics 1993, 12, 1831. (b) Fuchita, Y.; Hiraki, K.; Uchiyama, T. J. Chem. Soc. Dalton

Trans. 1983, 897. (c) Constable, A. G.; McDonald, W. G.; Sawkins, L. C.; Shaw, B. L. J. Chem.

Dnyaneshwar N. Garad, Ph.D. Thesis Page 124



Chapter 2

Soc. Chem. Commun. 1978, 1061. (d) Hartwell, G. E.; Lawrence, R. V.; Smas, M. J. J. Chem.
Soc. Chem. Commun. 1970, 912.

(4) (a) Moghimi, S.; Mahdavi, M.; Shafiee, A.; Foroumadi, A. Eur. J. Org. Chem. 2016, 2016,
3282. (b) Davies, H. M. L.; Morton, D. J. Org. Chem. 2016, 81, 343. (c) Li, H.; Li, B.-J.; Shi, Z.-
J. Catal. Sci. Technol. 2011, 1, 191. (d) Lyons, T. W.; Sanford, M. S. Chem. Rev. 2010, 110,
1147.

(5) Selected references for C(sp*)-alkoxylation: (a) Zhao, R.; Lu, W. Org. Lett. 2017, 19, 1768.
(b) Xu, Y.; Yan, G.; Ren, Z.; Dong, G. Nature Chem. 2015, 7, 829. (¢) Li, B.; Wang, S.-Q.; Liu,
B.; Shi, B.-F. Org. Lett. 2015, 17, 1200. (d) Takemura, N.; Kuninobu, Y.; Kanai, M. Org.
Biomol. Chem. 2014, 12, 2528. (e) Zhang, S.; Luo, F.; Wang, W.; Jia, X.; Hu, M.; Cheng, J.
Tetrahedron Lett. 2010, 51, 3317.

(6) Selected references for C(sp®)-acetoxylation: (a) Yang, Q.-L.; Li, Y.-Q.; Ma, C.; Fang, P.;
Zhang, X.-J.; Mei, T.-S. J. Am. Chem. Soc. 2017, 139, 3293. (b) Wang, Z.; Kuninobu, Y.; Kanali,
M. Org. Lett. 2014, 16, 4790. (c) Li, Q.; Zhang, S.-Y.; He, G.; Nack, W. A.; Chen, G. Adv.
Synth. Catal. 2014, 356, 1544. (d) Rit, R. K.; Yadav, M. R.; Sahoo, A. K. Org. Lett. 2012, 14,
3724. (e) Ren, Z.; Mo, F.; Dong, G. J. Am. Chem. Soc. 2012, 134, 16991. (f) Wang, D.-H.; Hao,
X.-S.; Wu, D.-F.; Yu, J.-Q. Org. Lett. 2006, 8, 3387. (g) Giri, R.; Liang, J.; Lei, J.-G.; Li, J.-J.;
Wang, D.-H.; Chen, X.; Naggar, I. C.; Guo, C.; Foxman, B. M.; Yu, J.-Q. Angew. Chem. Int. Ed.
2005, 44, 7420. (h) Desal, L. V.; Hull, K. L.; Sanford, M. S. J. Am. Chem. Soc. 2004, 126, 9542.
(i) Dick, A. R.; Hull, K. L.; Sanford, M. S. J. Am. Chem. Soc. 2004, 126, 2300.

(7) Selected references for C(sp®)-hydroxylation: (a) Chen, M. S.; White, M. C. Science 2010,

327, 566. (b) Chen, M. S.; White, M. C. Science 2007, 318, 783.

Dnyaneshwar N. Garad, Ph.D. Thesis Page 125



Chapter 2

(8) Selected references for quinazolinone C(sp?)-H activation: (a) Banerji, B.; Bera, S.;
Chatterjee, S.; Killi, S. K.; Adhikary, S. Chem. Eur. J. 2016, 22, 3506. (b) Banerjee, A.;
Subramanian, P.; Kaliappan, K. P. J. Org. Chem. 2016, 81, 10424. (c) Jiang, X.; Yang, Q.; Yuan,
J.; Deng, Z.; Mao, X.; Peng, Y.; Yu, C. Tetrahedron 2016, 72, 1238. (d) Yu, Y.; Yue, Y.; Wang,
D.; Li, X.; Chen, C.; Peng, J. Synthesis 2016, 48, 3941. (e) Gupta, P. K.; Yadav, N.; Jaiswal, S.;
Asad, M.; Kant, R.; Hajela, K. Chem. Eur. J. 2015, 21, 13210. (f) Reddy, B. V. S.; Narasimhulu,
G.; Umadevi, N.; Yadav, J. S. Synlett 2012, 23, 1364.

(9) Garad, D. N.; Viveki, A. B.; Mhaske, S. B. J. Org. Chem. 2017, 82, 6366.

(10) Wasa, M.; Yu, J.-Q. Tetrahedron 2010, 66, 4811.

(11) Kim, N. Y.; Cheon, C.-H. Tetrahedron Lett. 2014, 55, 2340.

(12) Kshirsagar, U. A.; Mhaske, S. B.; Argade, N. P. Tetrahedron Lett. 2007, 48, 3243.

Dnyaneshwar N. Garad, Ph.D. Thesis Page 126



Chapter 2

2.2.10. Selected Spectra: i P
'H NMR Spectra \

<
3
N
OAc
2a
S8 2R
® ® N
Sl S
0.93 1.01
[E— [E———
8.3 8.2 . 8.0 9 7.8
Chemical Shift (ppm)
o~
&
o
<
D
~
3
«|~ [CHLOROFORM-d
Lo
3@
ey
=
3ls 2
CY)'\ !
R ]
o T b~
I Q@ ~
~ |
o
093 1.011.973.96 2.00 3.04 2.95
[} [y ) [ [ —
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5 ¢}
Chemical Shift (ppm)
CHLOROFORM-d
s
5]
N
N
57T e
c 8
e
=5
133 132 131 130 129 128 127
Chemical Shift (ppm)
<
S
S
S
8
~l®
328§ ©
@8 8
83l 2 2
T 3 2
o
]
o
o N
5o
8 2 < B E‘{ E
S S o i
A
| t
VDTIO NO D L —
NS 4 iy el I Y f ity i 4
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chermical Shift (ppm)

Dnyaneshwar N. Garad, Ph.D. Thesis Page 127



Chapter 2

o ey s
=3 5 psi N/
Pz
OAc OMe
2c
CHLOROFORM
o~
«©«
p
CHLOROFORM:
5 8
g T8
~ | B
=
el
©
o
L\,
0.93 0.96 1.991.02 2.01 2.00 3.01 3.02 2.85
= = = =l =l =l =l
T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 o}
Chemical Shift (ppm)
CHLOROFORM
=
S o
8RS
N
«
N
S
S
bt
T T T T T T T T T T
133 132 131 130 129 128 127 126
Chemical Shift (pprm)
Q
S =8
= 5]
o
8 o
| = .
gl g8 308 @
Se g :
| S © B
~ 8
N
s o~
@ < ~ b
& 8z 3 & 5 8
IS4 @ e w — g
587 8 =1 | I
N | | l
s el aakiani i ol U L L T L , i oA A f Nty A i
200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

Dnyaneshwar N. Garad, Ph.D. Thesis

Page 128



Chapter 2

'H NMR Spectra
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Chapter 3

Ru—Catalyzed Cascade Annulation of Acrylamides with 2-Alkynoates by
aza-Michael/C-H Activation Sequence for the Synthesis of Various 6-

Oxo Nicotinic Acid Esters
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3.1. Abstract:

Chapter 3 deals with Ru—catalyzed regioselective cascade annulation of acrylamides with 2-
alkynoates via aza-Michael/C—H activation sequence for the synthesis of various 6-0xo nicotinic
acid esters. The regioselectivity of the protocol has been confirmed by performing silver
mediated protodecarboxylation of the corresponding 6-oxo nicotinic acid to furnish 2-pyridone.
The developed protocol is copper or silver salt-free and uses inexpensive, safe, and
environmentally benign peroxide-based ‘Oxone’ as the sole oxidant. Redox-neutral version of
the protocol is also demonstrated. The control reactions were undertaken to detect reaction

intermediates for the understanding of the reaction mechanism.

-

o CO,R5 o o
R2 _RYA [RuCly(p-cym)], KOAc _ R? _R'YAr i) NaOH
B)LH < o : 14d'2 > 1\ B
xone; 1,4-dioxane ii) Ag,CO
R R4 RN R ) AG260s Z
C02R5 ‘confirms regioselectivity'

0 20 examples
via
ﬁ“/ T
g
CO,Et

'detected by HRMS'

3.2. Introduction:

Pyridone is one of the privileged heteroaromatic rings, which widely occurr in biologically active
molecules, natural products, and pharmaceutical agents.” In particular, 6-oxo nicotinic acid esters
and hydroxypyridinecarboxylic acids constitute the biologically important class of compounds.?
They are used for metal chelation therapy because of their good binding capacity towards

aluminum(Il) and iron(lll). Milrinone, ciclopirox, pirfenidone, cytisine, flavipucine,
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camptothecin (CPT) and perampanel are some of the important natural products and
pharmaceuticals featuring pyridone core (Fig. 1)."® As a result, several methods for the selective
preparation of these heterocycles and their derivatives are reported in the literature.**?** Among
these methods C—H bond activation has emerged as a cost and step economical tool for the
synthesis of the pyridone class of N-heterocycles because it avoids the pre-activation steps of
starting materials, such as halogenation and stoichiometric metalation, which are most

commonly required in traditional cross-coupling reactions.” Transition-metal-catalyzed oxidative

2- methyl -6-0x0-1,6-dihydro

nicotinic acid milrinone ciclopirox plrfenldone
(metal chelation therapy) (PDES inhibitor) (antifungal) (pulmonary fibrosis)
NC
(o]
NH O Q- l
N X
S eaato N l
N N0 o N~ "0
H OH Ph
(-) cytisine flavipucine camptothecin (CPT) perampanel
(antibiotic & phytotoxic) (anticancer) (antiepileptic)

Figure 1. Selected Pyridone Containing Natural Products and Drugs*

annulation of amides with alkynes by C-H bond activation is one of the most commonly used
methods for the synthesis of pyridones® and isoquinolones.” Transition metal-catalyzed
annulations from acrylamides/acryloyl-hydroxamates and alkynes, proceeding with C-H bond
activation and leading to pyridones, are known. However, it should be noted that the latter
annulation reactions have been much less investigated than related processes involving

benzamides or benzhydroxamates as a route to isoquinolones.
3.3. Literature Review:

Previously, ruthenium and rhodium catalytic systems with stoichiometric copper salts as an

oxidant have been employed on acrylamides and unsymmetrical alkynes for the regioselective
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synthesis of g-alkyl pyridones (Scheme 1, eq 1).°*" Recently, Fan and co-workers reported Rh-
catalyzed redox neutral annulation protocol for the annulation of benzoyl and acryloyl
hydroxamates with ynoates possessing a tertiary propargyl alcohol for the regioselective
synthesis of y-lactone ring-fused pyridones (Scheme 1, eq 2).® The regioselectivity of this
protocol was accomplished by the chelation of metal catalyst with hydroxyl group present in the
ynoates. The literature known strategies®® mostly follow C-H activation/alkyne insertion
sequence to form C—C bond followed by C—N bond formation via reductive elimination to get 3-

alkyl substituted pyridones.

Previous Work

i + A 2 i 1
R? .R! [Ru] or [Rh] R n-R

N I = | 1)
| H o
3
R3 Alk R ﬁ Ar
Alk
CO,R? -3,

RE Y, ’ [Rh] R"E‘ /\: ?
Lo L2 "
LOR* _, 07N 2

(o] H R Ron H R' R
This Work
o CO,Et , o \
R2 _R! Ru R -R
VS I e [N 3)
| H Py
3
R3 Alk R B Alk
COZEt%
inverse regioselectivity

Scheme 1. Annulation of Acrylamides with unsymmetrical Alkynes/2-Alkynoates
3.4. Origin of the Work:
We envisioned that RuCl,(p-cymene) catalyzed reaction might follow aza-Michael/C-H
activation sequence with 2-alkynoates due to the high electron withdrawing nature of the ester
moiety to accomplish complete reverse regioselectivity on the contrary to the known ruthenium

or rhodium catalyzed protocols with other unsymmetrical alkynes.
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3.5. Objective of the work:

In the context of getting revere regioselectivity, we have developed a protocol for inverse
regioselective oxidative annulation of acrylamides with 2-alkynoates for the synthesis of various
6-0x0 nicotinic acid esters (a-alkyl pyridones) using ruthenium catalysis (Scheme 1, eq 3). The
developed protocol is copper or silver salt-free and uses inexpensive, safe, and environmentally
benign peroxide-based ‘Oxone’ as the sole oxidant. We have also investigated redox-neutral
version of the protocol by employing acryloyl-hydroxamates as a substrate. We further describe
a few control reactions, which shed some light on the regioselectivity and mechanism of this
transformation.

3.6. Result and Discussion:

We began to optimize the oxidative coupling by employing N-phenyl acrylamide (1a) and ethyl
2-butynoate (2a, Table 1). First, we attempted the literature known oxidative annulation
conditions® with [RuCl,(p-cymene)], catalyst and copper acetate in t-amyl alcohol but ended up
in the complex reaction mixture, and the expected product 3a was not observed (entry 1).

Interestingly, the change in the solvent from t-amyl alcohol to DCE resulted in the expected

Table 1. Optimization Studies

o
0 CO,Et
[RuCl,(p-cymene)], N
N . |
| H l
1

l

‘conditions’

a 2a 3a

\ J

entry catalyst (mol%) additive (equiv) oxidant (equiv) solvent/temp (°C) result”
1 5 Cu(OAc), (2) TAA/120
2 5 Cu(OAc), (2) DCE/100 18%
3 5 Cu(OAcC); (2) 1,4-dioxane/110 22%
4 5 KOAc (0.1) K2S,05 (2) 1,4-dioxane/110 35%
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5 5 KOACc (0.1) Oxone (2) 1,4-dioxane/110 45%
6 5 KOAc (0.1) Oxone (2) 1,4-dioxane/100 35%
7 5 KOAc (0.1) Oxone (2) 1,4-dioxane/120 40%
8 2 KOAc (0.1) Oxone (2) 1,4-dioxane/110 30%
9 10 KOAc (0.1) Oxone (2) 1,4-dioxane/110 46%
10 20 KOACc (0.1) Oxone (2) 1,4-dioxane/110 44%

®Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), [RuCly(p-cym)], (5 mol%), KOAc (10 mol%), oxidant (0.6
mmol), 1,4 dioxane (3 mL) in glass tube for 30 h at 110 °C. ®Isolated yield. TAA = t-amyl alcohol.

product formation though in low yield (entry 2). Remarkably, single regioisomer formation was
observed in the reaction. When the reaction was performed in 1,4-dioxane at 110 °C, little
improvement in the yield was observed (entry 3). To our delight, when 10 mol% KOAc additive
and nonmetallic oxidant K,S,0g was used with Ru-catalyst [RuCl,(p-cymene)],, a substantial
increment in the yield was observed (entry 4). Pleasingly, a clean reaction was observed (entry 5)
when catalytic [RuCl,(p-cymene)], and KOAc along with Oxone was used as the oxidant. The
known annulation protocols usually require stoichiometric amounts of mostly metallic oxidants,

which compromises the overall sustainable nature of C—H bond activation process.>® The use of

inexpensive and non-metallic oxidants in such protocols is still rare.® Herein, we have
demonstrated its use in the regioselective annulation protocol using ruthenium catalysis. Further
deviation in the reaction temperature (entries 6, 7) or variation in the catalyst loading (entries 8-
10) did not show considerable improvement in the yield. The probable reason for the low yield
of this transformation is the instability of the starting materials at a higher temperature under the
present conditions. To check the stability of alkynoates we subjected 2a to our reaction condition
in the absence of 1a and observed decomposition of 2a. Only 45% of 2a could be recovered after
24 h. Thus, the optimum condition for this transformation is as follows: [RuCl,(p-cym)]. (5

mol%), KOAc (10 mol%), Oxone (2 equiv) in 1,4-dioxane at 110 °C.
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After having optimal conditions in hand, we turned our attention to the evaluation of the scope
of the reaction (Scheme 2). The protocol has been generalized to access varyingly substituted 6-
0xo0 nicotinic acid esters. Initially, N-aryl substituted pyridones were synthesized using various
N-aryl substituted acrylamides and ethyl 2-butynoate (2a). As mentioned in the optimization
studies, the N-phenyl substituted acrylamide furnished pyridone 3a in 45% yield. We also
performed the reaction of 1a with 2a at the 10 mmol scale and observed consistency in the yield

(44%) of 3a. The N-(p-tolyl) substituted acrylamide delivered pyridone 3b in moderate yield

o CO,Et o
R2 _RYAr [Ru] R? N,R1/Ar
N s — P
R3 Me R? Me
1 2a 3 COqEt

¢© ¢© ¢Q S WON

= Me
CO,Et CO,Et CO,Et CO,Et
3a [45% (44%)?] 3b (42%) 3c (47%) 3d (42%)
: COMe
Qﬂ il ﬁf
CO,Et CO,Et CO,Et CO,Et
3e (47%) 3f (45%) 39 (55%) 3h (58%)
o
NS Me N,Me
Me & Me
COzEt C02Et C02Et CO,Et
(48%) 3j [30% (25%)°] 3k (38%)° 31 (40%)°

A J

410 mmol scale reaction, "Reaction with N-Acetyl acrylamide, “Reaction was carried out at 120 °C in the sealed tube

Scheme 2. Ru-Catalyzed Annulation of Various Acrylamides with ethyl 2-butynoate

under the developed protocol. N-(3-(Trifluoromethyl) phenyl)acrylamide and N-(3-

fluorophenyl)acrylamide smoothly underwent oxidative annulation with 2a and furnished the
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corresponding pyridones 3c and 3d respectively in acceptable yields. Electron withdrawing ester
group and electron releasing methoxy group at the para position of phenyl ring attached to the
nitrogen of acrylamide did not affect much on annulation reaction and analogous pyridones 3e
and 3f were obtained in modest yields. Various N-alkyl substituted acrylamides have also been
used for the oxidative annulation with 2a and resulted into formation of N-benzyl 3g, N-Methyl
3h, and N-propyl 3i pyridones in better yields as compared to the N-aryl acrylamides. Whereas,
annulation of acrylamide and alkynoate 2a produced pyridone 3j in 30% yield. The formation of
pyridone 3j was also observed when N-acetyl acrylamide was used as the substrate. Acetyl group
deprotection was observed under these conditions and 3j was isolated in 25% yield. The data of
3j is in agreement with the literature report,*® which confirms the regioselectivity of our protocol.
The effect of substituents on the various position of N-methyl acrylamide was also studied and
varyingly methyl substituted pyridones 3k and 3l were synthesized with reasonable yields. It
should be noted that for the synthesis of pyridones 3k and 3l, a higher reaction temperature and
longer reaction time were required and these reactions were performed in a sealed tube. The
higher temperature required for these substrates may be due to the steric effect of methyl
substituents at the S-position of acrylamides.

After having studied the substrate scope with respect to various N-substituted acrylamides, we
decided to study the substrate scope with various 2-alkynoates (Scheme 3). The reaction of N-
phenyl acrylamide and ethyl 2-pentynoate conceded pyridone 3m in moderate yield. As observed
above in the substrate scope studies (Scheme 2) N-methyl acrylamide furnished the highest yield
of pyridone 3h, hence for further studies N-methyl acrylamide was chosen as a fixed substrate
and reacted with various alkynoates. The pyridones with various substituents at the second

position such as ethyl 3n, decyl 30, cyclopropyl 3p, and cyclopentyl 3q were synthesized in low
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o CO,Et o
N,MelPh [Ru]
| H Al
R4
1alh 2
G
.Me
) )
4 4
CO,Et CO,Et CO,Et
3m (38%) 3n (40%) 30 (35%)
o) o)
M Me
sa N
4 4
CO,Et CO,Et
3p (28%)° 3q (26%)°

. J

Scheme 3. Ru-Catalyzed Annulation of N-Me/Ph Acrylamides with 2-Alkynoates

to moderate yields from the corresponding alkynoates. For the synthesis of pyridones 3p and 3q
also higher temperature and more time were required, and these reactions were performed in a
sealed tube. Probably, steric hindrance of cyclopropyl and cyclopentyl rings of 2-alkynoate
affects the rate of annulation.

After having studied the substrate scope of oxidative annulation protocol with the external
oxidant, we decided to study oxidant-free annulation reaction of acrylamides and 2-alkynoates
(Scheme 4). One solution to overcome the use of an external oxidizing reagent involves the
development of redox-neutral version with hydroxamates.”"® When N-methoxy acrylamide 1n

was reacted with ethyl 2-butynoate (2a) at room temperature without external oxidant, the

o . CO,Et o

ﬁuzo""e | _RuChtp-cymls KOA NH

R 1,4-dioxane, rt, 24 h Z R4
CO,Et
1n 2al2b _
3j, R*= Me, 45%
3r, R*= Et, 40%
\\

Scheme 4. Ru-Catalyzed Redox-Neutral Annulation of N-Methoxy Acrylamide with 2-Alkynoates
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corresponding N-H free pyridone 3j was obtained in 45% yield. Comparison of the NMR
spectral data of 3j with those described in the literature'® for this compound confirms the
structure of this latter compound and the regioselectivity of the ruthenium-catalyzed annulation.
The N-H free pyridone 3r was also synthesized by employing redox neutral strategy using N-
methoxy acrylamide 1n and ethyl 2-pentynoate as substrates. Here, the substrate itself acts as an

oxidant and no external oxidant is required for these reactions.

The regioselectivity of our protocol was also confirmed by synthesizing 6-methyl-1-

phenylpyridin-2(1H)-one (Scheme 5A). Initially, ester hydrolysis of pyridone 3a was carried out

A: Synthes:s of 2- Oxopyndone

(o]
/@ 2N NaOH /@ AgyCO4 N/@
EtOH rt Na2C03 PivOH
COZ

88% 42%

CO,Et confirms regioselectivity
3a 5a
B: Alkyne substrates without ¢ hydrogen
o CO,R5 a R
HJ\N"F | l 'standard conditions' | N~
| H Za
R* R
CO,R5

no reaction; when R* = Ph/tert-Bu, R° = Et, R' = Ph/Me
R*= CO,Me, R5= Me, R' = OMe

C: HRMS Study

o
] _
N
[RuCl,(p-cym)],, KOAc ﬁ
1h + 2a Y/ —> 3h
Oxone, 1,4-dioxane _Ru

110°C;1h CO,Et

detected by HRMS
[M+H]* cacld 432.1107
found 432.1104

Scheme 5. Control Reactions

using aqueous NaOH in ethanol to obtain acid 4a in excellent yield. The acid 4a was then
subjected under various protodecarboxylation conditions. Under the silver carbonate mediated

condition in N,N-dimethylacetamide it furnished the pyridone 5a in 42% yield. The NMR

Dnyaneshwar N. Garad, Ph.D. Thesis Page 145



Chapter 3

spectral data of compound 5a were consistent with those described in the literature.** This
reconfirms our hypothesis and regioselectivity of this protocol. Additionally, it shows the utility
of our method for the synthesis of 2-pyridones. During the substrate scope study, we utilized 2-
alkynoates having a-hydrogens. We were curious to know the outcome of the protocol in the
absence of a-hydrogen. Interestingly, when R* of 2-alkynoates is phenyl/tertiary butyl/ester
(Scheme 5B), the expected products were not observed, which could be mostly due to
steric/electronic factors. However, the protocol works well when R* is the primary or secondary
alkyl group, which suggests that the possible involvement of allene intermediates in the reaction
cannot be ruled out. The HRMS study of the reaction mixture was also carried out to detect the
possible intermediates of the reaction (Scheme 5C), and interestingly M+H peak of ruthenacycle

Il was detected by HRMS analysis.

A plausible reaction mechanism is proposed based on the above experimental outcome (Scheme
6) and literature reports.”®® Initially, ligand exchange of ruthenium catalyst with potassium
acetate to form diacetate ruthenium p-cymene as an active catalyst. The acrylamide 1h reacts
with the active catalyst formed to get intermediate 1 with the loss of one molecule of acetic acid.
The intermediate | then reacts with alkynoate 2a first through Michael addition then followed by
with C-H bond activation to furnish the ruthenacycle intermediate Il (detected by HRMS).
Product 3h could be formed after reductive elimination of metal from ruthenacycle Il. The
oxidation of Ru(0) to Ru(ll) by Oxone makes the active catalyst available for further catalytic

cycles.
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[RuCl,(p-cym)], === [RuCl(p-cym)]

2 KOAc

N/
H

[0}
[RuOAc,(p-cym)] Kj\
Oxone + 2 AcOH Th
AcOH

[o]

[Rul® ﬂ 'f_

CozEt ’\\
” AcOH 2a

CO,Et
I

Detected by HRMS

Scheme 6. Proposed Mechanism

3.7. Conclusion:

In summary, Ruthenium catalyzed inverse regioselective annulation of acrylamides with alkynes
has been developed. The reverse regioselectivity and tentative mechanism is supported by
controlled experiments. The annulation protocol is further extended as the redox neutral process,
where the substrate acts as an oxidant for the metal catalyst. Diverse novel 6-0xo nicotinic acid
esters have been synthesized using the developed protocol. The developed protocol uses non-
metallic, inexpensive, safe, and environmentally benign oxidant. Further improvement in the
protocol to access various 6-0xo nicotinic acid esters in higher yields and its application in the

synthesis of natural products and bioactive molecules is under progress in our laboratory.
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3.8. Experimental Procedures and Characterization Data of Compounds:

N-alkyl and N-alkoxy substituted acrylamides,”® N-aryl substituted acrylamides®® and
commercially unavailable 2-alkynoate'* starting materials were prepared according to literature

procedures.

1) Experimental Procedures for Ru—Catalyzed Annulation:

General Procedure-1:

4 N\
0 CO,Et ) 0
sz)LN/R//-\F | | [RuCly(p-cym)],, KOAc R | N,R/Ar
+ ? e
1| H Oxone, 1,4-dioxane R Z Me
R Me
110 °C
CO,Et
1a-m 2a-e 3a-q

(. J

To a mixture of [RuCly(p-cymene)], (0.015 mmol; 9.2 mg) and KOAc (0.03 mmol; 3 mg) in a
glass tube with side arm was added 1,4-dioxane (3 mL; 0.1M) under argon atmosphere and the
reaction mixture was stirred for 1 h at room temperature (rt). Acrylamide 1a-m (0.3 mmol), 2-
alkynoate 2a-e (0.6 mmol) and Oxone (0.6 mmol; 185 mg) were added to the above mixture and
the glass tube was placed in a preheated oil bath at 110 °C for the stipulated time. The progress
of the reaction was monitored by TLC. After complete consumption of acrylamide 1a-m (30-40
h), the reaction mixture was cooled to rt, diluted with ethyl acetate, filtered through a short pad
of celite, and the filtrate was evaporated under vacuo to dryness. The resulting residue was

purified by column chromatography to afford pure pyridones 3a-q.
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0 CO,Et f
N/OMe [RuCly(p-cym)],, KOAC NH
| H + | | |
1,4-di t 7R3
R3 ,4-dioxane, r R
CO,Et
1n 2a/b 3jir
\_ J

To a mixture of [RuCl,(p-cymene)], (0.015 mmol; 9.2 mg) and KOAc (0.03 mmol; 3 mg) in
glass tube with side arm was added 1,4-dioxane (3 mL; 0.1M) under argon atmosphere and the
reaction mixture was stirred for 1 h at rt. Acrylamide 1n (0.3 mmol) and 2-alkynoate 2a/b (0.6
mmol) were added to the above mixture and it was stirred at rt. The progress of the reaction was
monitored by TLC. After complete consumption of acrylamide 1n (24 h), the reaction mixture
was diluted with ethyl acetate, filtered through a short pad of celite, and the filtrate was
evaporated under vacuo to dryness. The resulting

residue was purified by column

chromatography to afford pure pyridones 3j/r.

I1) Procedure for the Preparation of Pyridone 3a on 10 mmol Scale:

'd N\
O CO,Et Q /@
HLN | | [RuCly(p-cym)],, KOAc | N
+
| H Oxone, 1,4-dioxane Z Me
Me
CO,Et
1a 2a 3a
\\ J

To a mixture of [RuCly(p-cymene)], (0.5 mmol; 306 mg) and KOAc (1 mmol; 98 mg) in a glass
tube with side arm was added 1,4-dioxane (100 mL; 0.1M) under argon atmosphere and the
reaction mixture was stirred for 1 h at rt. N-Phenyl arylamide (1a, 10 mmol; 1.47 gm), ethyl 2-

butynoate (2a, 20 mmol; 2.24 mL) and Oxone (20 mmol; 6.15 gm) were added to the above
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mixture and the glass tube was placed in preheated oil bath at 110 °C for 30 h. The progress of

the reaction was monitored by TLC. After complete consumption of acrylamide 1a (30 h) the

reaction mixture was cooled to rt, diluted with ethyl acetate, filtered through short pad of celite,

and the filtrate was evaporated under vacuo to dryness. The resulting residue was purified by

column chromatography to afford pure pyridone 3a (1.13 g; 44%).

I11) Characterization Data of Pyridones (3a-s):

Ethyl 2-methyl-6-0xo-1-phenyl-1,6-dihydropyridine-3-carboxylate (3a)

=

CO,Et

.

.

. N According to the general procedure-1, the title compound 3a was obtained
0

N/© as a thick oil (35 mg; 45% vyield); reaction time: 30 h; Rf: 0.5 (2:3 EtOAc:
Me Pet. ether); '"H NMR (400 MHz, CDCl3) 6 (ppm) 7.98 (d, J = 9.8 Hz, 1H),

7.55 (t, J = 7.3 Hz, 2H), 7.48 (t, J = 7.3 Hz, 1H), 7.16 (d, J = 7.3 Hz, 2H),

6.53 (d, J = 9.8 Hz, 1H), 4.32 (g, J = 6.7 Hz, 2H), 2.37 (s, 3H), 1.37 (t, J = 6.7 Hz, 3H); **C

NMR (100 MHz, CDCls) 6 (ppm) 165.5, 163.3, 153.9, 140.4, 138.4, 130, 129.1, 127.7, 117.3,

109.2, 60.9, 19.7, 14.3; HRMS (ESI-TOF) m/z: [M+Na]" calcd for CisH1503NNa 280.0944,

found 280.0943.

Ethyl 2-methyl-6-oxo-1-(p-tolyl)-1,6-dihydropyridine-3-carboxylate (3b)

( N\
Me
g T
| N
Z Me
CO,Et
(. J

According to the general procedure-1, the title compound 3b was
obtained as a thick oil (34 mg; 42% vyield); reaction time: 30 h; Rf: 0.5
(2:3 EtOAC: Pet. ether); 'H NMR (400 MHz, CDCls) 6 (ppm) 7.97 (d, J

= 9.6 Hz, 1H), 7.34 (d, J = 8.7 Hz, 2H), 7.04 (d, J = 8.3 Hz, 2H), 6.53 (d,

J=9.2 Hz, 1H), 4.31 (g, J = 7.3 Hz, 2H), 2.43 (s, 3H), 2.38 (s, 3H), 1.37 (t, J = 7.3 Hz, 3H); *C

NMR (100 MHz, CDCls) & (ppm) 165.6, 163.4, 154.2, 140.3, 139.1, 135.7, 130.7, 127.4, 117.2,
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109.2, 60.9, 21.2, 19.7, 14.3; HRMS (ESI-TOF) m/z: [M+H]" calcd for CysH130sN 272.1281,

found 272.1280.

Ethyl 2-methyl-6-0xo0-1-(3-(trifluoromethyl)phenyl)-1,6-dihydropyridine-3-carboxylate (3c)

f N According to the general procedure-1, the title compound 3c was
0
/©\ obtained as a thick oil (46 mg; 47% vyield); reaction time: 30 h; Rf: 0.5
N CF
| 3
Z e (2:3 EtOAC: Pet. ether); *H NMR (400 MHz, CDCls) 6 (ppm) 8.01 (d,
CO,Et

.

J=9.8Hz, 1H), 7.77 (d, J = 7.9 Hz, 1H), 7.70 (t, J = 7.9 Hz, 1H), 7.47

(s, 1H), 7.40 (d, J = 7.9 Hz, 1H), 6.55 (d, J = 9.8 Hz, 1H), 4.33 (g, J = 7.3 Hz, 2H), 2.37 (s, 3H),
1.38 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CDCl3) J (ppm) 165.3, 163, 153.2, 140.8, 138.9,
132.6 (g, J = 33.9 Hz), 131.6, 130.7, 126.1 (q, J = 3.9 Hz), 125.1 (q, J = 3.9 Hz), 123.3 (q, J =
272.8 Hz), 117.5, 109.7, 61.1, 19.8, 14.3; HRMS (ESI-TOF) m/z: [M+Na]* calcd for

C16H1403NF3Na 348.0818, found 348.0815.

Ethyl 1-(3-fluorophenyl)-2-methyl-6-0xo-1,6-dihydropyridine-3-carboxylate (3d)

e N\ According to the general procedure-1, the title compound 3d was

0
O\ obtained as a thick oil (35 mg; 42% yield); reaction time: 30 h; Rf: 0.5 (2:3
N F

| ZMe EtOAC: Pet. ether); *H NMR (400 MHz, CDCls) J (ppm) 7.99 (d, J = 10.1

CO,Et
T ) Hz, 1H), 7.57-7.48 (m, 1H), 7.21 (td, J = 8.2, 2.8 Hz, 1H), 6.98 (dt, J =

7.8, 1 Hz, 1H), 6.94 (dt, J = 8.7, 2.3 Hz, 1H), 6.53 (d, J = 9.6 Hz, 1H), 4.33 (g, J = 6.9 Hz, 2H),
2.40 (s, 3H), 1.38 (t, J = 6.9 Hz, 3H); *C NMR (100 MHz, CDCl5) J (ppm) 165.4, 163.3 (d, J =
249.2 Hz), 163, 153.5, 140.7, 139.7 (d, J = 10.5 Hz), 131.3 (d, J = 8.6 Hz), 123.8 (d, J = 2.9 Hz),
117.4, 116.4 (d, J = 20.1 Hz), 115.7 (d, J = 23 Hz), 109.5, 61.1, 19.6, 14.3; HRMS (ESI-TOF)

m/z: [M+H]" calcd for C1sH150sNF 276.1030, found 276.1028.
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Ethyl 1-(4-(methoxycarbonyl) phenyl)-2-methyl-6-oxo-1,6-dihydropyridine-3-carboxylate

(3e)
e S N According to the general procedure-1, the title compound 3e was
0 do/ obtained as a thick oil (44 mg; 47% vyield); reaction time: 30 h; Rf:
| N 0.5 (2:3 EtOAcC: Pet. ether); *H NMR (400 MHz, CDCls) ¢ (ppm)
C;E':"e 8.23 (d, J = 8.7 Hz, 2H), 7.99 (d, J = 10.1 Hz, 1H), 7.27 (d, J = 8.7
L )

Hz, 2H), 6.54 (d, J = 9.6 Hz, 1H), 4.32 (g, J = 7.3 Hz, 2H), 3.96 (s,
3H), 2.37 (s, 3H), 1.38 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CDCls) J (ppm) 165.96, 165.4,
162.98, 153.2, 142.4, 140.7, 131.4, 130.96, 128.1, 117.4, 109.5, 61.1, 52.4, 19.7, 14.3; HRMS

(ESI-TOF) m/z: [M+H]" calcd for C17H1505N 316.1179, found 316.1178.

Ethyl 1-(4-methoxyphenyl)-2-methyl-6-oxo-1,6-dihydropyridine-3-carboxylate (3f)

e N According to the general procedure-1, the title compound 3f was
0 /©/O\ obtained as a thick oil (39 mg; 45% vyield); reaction time: 30 h; Rf: 0.5

| /N Ve (2:3 EtOAC: Pet. ether); *H NMR (400 MHz, CDCl3) 6 (ppm) 7.97 (d, J
COqE ) =9.6 Hz, 1H), 7.09-7.03 (m, 4H), 6.54 (d, J = 9.6 Hz, 1H), 4.32 (q, J =

6.9 Hz, 2H), 3.86 (s, 3H), 2.40 (s, 3H), 1.38 (t, J = 6.9 Hz, 3H); *C NMR (100 MHz, CDCls) ¢
(ppm) 165.6, 163.6, 159.8, 154.4, 140.4, 130.9, 128.7, 117.2, 115.2, 109.3, 60.9, 55.5, 19.7, 14.3;

HRMS (ESI-TOF) m/z: [M+H]" calcd for Cy6H1504N 288.1230, found 288.1227.
Ethyl 1-benzyl-2-methyl-6-oxo-1,6-dihydropyridine-3-carboxylate (3g)

According to the general procedure-1, the title compound 3g was obtained as a thick oil (45
mg; 55% vyield); reaction time: 30 h; Rf: 0.5 (2:3 EtOAc: Pet. ether); ‘H NMR (400 MHz,

CDCl3) 6 (ppm) 7.94 (d, J = 9.6 Hz, 1H), 7.35-7.25 (m, 3H), 7.13 (d, J = 7.3 Hz, 2H), 6.56 (d, J
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r N\ = 9.6 Hz, 1H), 5.45 (s, 2H), 4.29 (g, J = 6.9 Hz, 2H), 2.72 (s, 3H), 1.36 (t, J
0 = 6.9 Hz, 3H); *C NMR (100 MHz, CDCls) & (ppm) 165.7, 163.2, 153.9,

| /N 140.1, 135.7, 128.9, 127.5, 126.3, 116.6, 109.9, 60.96, 47.5, 17.7, 14.3;
COZE':AQ HRMS (ESI-TOF) m/z: [M+H]" calcd for CigH1s03N 272.1281, found

272.1279.
Ethyl 1,2-dimethyl-6-oxo-1,6-dihydropyridine-3-carboxylate (3h)

) According to the general procedure-1, the title compound 3h was obtained as

N,Me a thick oil (34 mg; 58% vyield); reaction time: 30 h; Rf: 0.5 (1:1 EtOAc: Pet.

|
Z“Me ether); *"H NMR (400 MHz, CDCls) 6 (ppm) 7.87 (d, J = 9.8 Hz, 1H), 6.45 (d,

CO,Et

J J=9.8Hz 1H), 4.29 (q, J = 7.3 Hz, 2H), 3.60 (s, 3H), 2.78 (s, 3H), 1.35 (t, J

= 7.3 Hz, 3H); *C NMR (100 MHz, CDCls) ¢ (ppm) 165.7, 163.2, 153.6, 139.6, 116, 109.6,
60.9, 31.6, 17.9, 14.2; HRMS (ESI-TOF) m/z: [M+H]" calcd for C1oH140sN 196.0968, found

196.0967.

Ethyl 2-methyl-6-0xo-1-propyl-1,6-dihydropyridine-3-carboxylate (3i)

e N According to the general procedure-1, the title compound 3i was obtained
NN | asa thick oil (32 mg; 48% yield); reaction time: 30 h; Rf: 0.5 (1:1 EtOAc:
Me Pet. ether); *H NMR (400 MHz, CDCls) 6 (ppm) 7.84 (d, J = 9.8 Hz, 1H),

CO,Et
- ‘' 6.42 (d, J = 9.8 Hz, 1H), 4.28 (g, J = 7.3 Hz, 2H), 4.06 (t, J = 7.3 Hz, 2H),

2.80 (s, 3H), 1.77-1.64 (m, 2H), 1.35 (t, J = 7.3 Hz, 3H), 1.01 (t, J = 7.3 Hz, 3H); *C NMR (100
MHz, CDCls) & (ppm) 165.8, 162.9, 153, 139.6, 116.5, 109.5, 60.9, 46.2, 21.6, 17.2, 14.3, 11.3;

HRMS (ESI-TOF) m/z: [M+H]" calcd for C15H1503N 224.1281, found 224.1280.
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Ethyl 2-methyl-6-oxo-1,6-dihydropyridine-3-carboxylate (3j)*°

) According to the general procedure-1 and by using acrylamide and N-acetyl

0
| NH acrylamide, the title compound 3j was obtained as a thick oil (16 mg; 30%
=
Me yield) and (14 mg; 25% vyield) respectively; reaction time: 30 h; whereas by
CO,Et
—

using general procedure-2 and N-methoxy acrylamide, the title compound 3;j
was obtained as a thick oil (25 mg; 45% yield); reaction time: 24 h; Rf: 0.4 (2:1 EtOAc: Pet.
ether); 'H NMR (400 MHz, CDCls) & (ppm) 12.92 (bs, 1H), 8.06 (d, J = 9.8 Hz, 1H), 6.43 (d, J
= 9.8 Hz, 1H), 4.31 (g, J = 7.3 Hz, 2H), 2.74 (s, 3H), 1.37 (t, J =7.6 Hz, 3H), °C NMR (100
MHz, CDCls) ¢ (ppm) 165.3, 164.8, 152.9, 143, 116, 109.4, 60.8, 19.7, 14.3; HRMS (ESI-TOF)

m/z: [M+H]" calcd for CgH1,03N 182.0812, found 182.0811.

Ethyl 1,2,4-trimethyl-6-0x0-1,6-dihydropyridine-3-carboxylate (3k)

N
J

According to the general procedure-1 at 120 °C in the glass tube with

0
| N~'V'e screw cap, the title compound 3k was obtained as a thick oil (24 mg; 38%
Me” > “Me yield); reaction time: 40 h; Rf: 0.5 (1:1 EtOAc: Pet. ether); *H NMR (400
CO,Et
~ “ MHz, CDCl3) 6 (ppm) 6.32 (s, 1H), 4.34 (g, J = 7.3 Hz, 2H), 3.52 (s, 3H),

2.39 (s, 3H), 2.17 (s, 3H), 1.37 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CDCl3) & (ppm) 167.8,
162.6, 147.4, 145.7, 117.1, 114.8, 61.4, 31.1, 20.4, 18.5, 14.2; HRMS (ESI-TOF) m/z: [M+H]"

calcd for C11H1603N 210.1125, found 210.1123.
Ethyl 1,2,4,5-tetramethyl-6-0xo0-1,6-dihydropyridine-3-carboxylate (3I)

According to the general procedure-1 at 120 °C in the glass tube with screw cap, the title
compound 3l was obtained as a thick oil (27 mg; 40% yield); reaction time: 40 h; Rf: 0.5 (1:1

EtOAcC: Pet. ether); '"H NMR (400 MHz, CDCls) 6 (ppm) 4.35 (q, J = 7.3 Hz, 2H), 3.55 (s, 3H),
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( 5 1 2.34 (s, 3H), 2.12 (s, 6H), 1.38 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz,
Me | n-Me | CDCls) & (ppm) 168.6, 162.9, 141.7, 140.7, 123.8, 1155, 61.4, 31.7, 18.2,
" c/o Me| 173, 142, 13 HRMS (ESITOF) miz: [M+H]" caled for CpoHiO:N

. ~ 224.1281, found 224.1279.

Ethyl 2-ethyl-6-0xo0-1-phenyl-1,6-dihydropyridine-3-carboxylate (3m)

. N According to the general procedure-1, the title compound 3m was obtained

0
N/© as a thick oil (31 mg; 38% yield); reaction time: 30 h; Rf: 0.5 (2:3 EtOAc:

|
Z Pet. ether); *H NMR (400 MHz, CDCls) § (ppm) 8.01 (d, J = 9.8 Hz, 1H),

CO,Et

.

7.59-7.47 (m, 3H), 7.20 (d, J = 6.8 Hz, 2H), 6.52 (d, J = 9.8 Hz, 1H), 4.32 (q,
J=6.8 Hz, 2H), 2.84 (q, J = 6.8 Hz, 2H), 1.38 (t, J = 7.5 Hz, 3H), 1.04 (t, J = 7.5 Hz, 3H); °C
NMR (100 MHz, CDCls) & (ppm) 165, 163.5, 159.4, 140.9, 137.9, 129.7, 129.1, 128.2, 117.3,
108.2, 60.9, 24.8, 14.3, 13.7; HRMS (ESI-TOF) m/z: [M+H]" calcd for CisH1s0sN 272.1281,

found 272.1279.
Ethyl 2-ethyl-1-methyl-6-0x0-1,6-dihydropyridine-3-carboxylate (3n)

) According to the general procedure-1, the title compound 3n was obtained as
0

j N-Me a thick oil (25 mg; 40% vyield); reaction time: 30 h; Rf: 0.5 (1:1 EtOAc: Pet.

7 ether); 'H NMR (400 MHz, CDCls) J (ppm) 7.89 (d, J = 9.8 Hz, 1H), 6.45 (d,

CO,Et

J=9.2Hz, 1H), 4.29 (q, J = 6.7 Hz, 2H), 3.64 (s, 3H), 3.22 (q, J = 7.3 Hz, 2H),
1.36 (t, J = 6.7 Hz, 3H), 1.30 (t, J =7.3 Hz, 3H); *C NMR (100 MHz, CDCls) § (ppm) 165.3,
163.4, 158.2, 139.9, 116.2, 108.7, 60.8, 30.96, 24, 14.2, 12.5: HRMS (ESI-TOF) m/z: [M+H]*

calcd for C11H1603N 210.1125, found 210.1123.
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Ethyl 2-decyl-1-methyl-6-0x0-1,6-dihydropyridine-3-carboxylate (30)

According to the general procedure-1, the title compound 30 was obtained as

a thick oil (34 mg; 35% yield); reaction time: 30 h; Rf: 0.5 (1:1 EtOAc: Pet.

ether); 'H NMR (400 MHz, CDCl3) 6 (ppm) 7.89 (d, J = 9.8 Hz, 1H), 6.44 (d,

CO,Et
) J=098Hz 1H), 4.29 (q, J = 6.7 Hz, 2H), 3.63 (s, 3H), 3.16 (t, J =7.3 Hz, 2H),

1.66-1.57 (m, 2H), 1.51-1.43 (m, 2H), 1.36 (t, J = 7.3 Hz, 3H), 1.31-1.22 (m, 12H), 0.89 (t, J =
6.7 Hz, 3H); *C NMR (100 MHz, CDCls) & (ppm) 165.4, 163.5, 157.6, 139.9, 116.1, 108.8,
60.8, 31.9, 31.1, 30.7, 29.8, 29.5, 29.3, 29.2, 28.4, 22.7, 14.3, 14.1; HRMS (ESI-TOF) m/z:

[M+H]" calcd for C19H3,03N 322.2377, found 322.2374.
Ethyl 2-cyclopropyl-1-methyl-6-oxo-1,6-dihydropyridine-3-carboxylate (3p)

) According to the general procedure-1 at 120 °C in the glass tube with screw

0
| N-Me cap, the title compound 3p was obtained as a thick oil (18 mg; 28% yield);
%
reaction time: 40 h; Rf: 0.5 (1:1 EtOAc: Pet. ether); 'H NMR (400 MHz,
CO,Et
~—

CDCls) 6 (ppm) 7.63 (d, J = 9.8 Hz, 1H), 6.49 (d, J = 9.8 Hz, 1H), 4.32 (q, J =
7.3 Hz, 2H), 3.74 (s, 3H), 2.05-1.95 (m, 1H), 1.37 (t, J = 7.3 Hz, 3H), 1.23 (apparent ¢, J = 6.1
Hz, 2H), 0.63 (apparent g, J = 6.1 Hz, 2H); *C NMR (100 MHz, CDCls) ¢ (ppm) 166.4, 163.3,
154.7, 139.1, 117.3, 113.3, 61.2, 32.7, 14.3, 14.25, 9.9; HRMS (ESI-TOF) m/z: [M+H]" calcd

for C1oH1603N 222.1125, found 222.1124.
Ethyl 2-cyclopentyl-1-methyl-6-o0x0-1,6-dihydropyridine-3-carboxylate (3q)

According to the general procedure-1 at 120 °C in the glass tube with screw cap, the title
compound 3qg was obtained as a thick oil (19 mg; 26% yield); reaction time: 40 h; Rf: 0.5 (1:1

EtOAC: Pet. ether); *H NMR (400 MHz, CDCls) 6 (ppm) 7.76 (d, J = 9.9 Hz, 1H), 6.51 (d, J =
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- N 9.9 Hz, 1H), 4.40-4.25 (m, 3H), 3.57 (s, 3H), 2.11-1.98 (m, 4H), 1.97-1.86
N-Me (m, 4H), 1.36 (t, J = 6.9 Hz, 3H); *C NMR (100 MHz, CDCl3) & (ppm)

166.7, 163.97, 158, 140, 116, 111.9, 61.2, 40.1, 34.2, 30.7, 27, 14.2; HRMS

(ESI-TOF) m/z: [M+H]" calcd for C14H2003N 250.1438, found 250.1436.
Ethyl 2-ethyl-6-0x0-1,6-dihydropyridine-3-carboxylate (3r)

—\ According to the general procedure-2, the title compound 3r was obtained as a

0
| NH thick oil (23 mg; 40% vyield); reaction time: 24 h; Rf: 0.4 (2:1 EtOAc: Pet.
>
ether); '"H NMR (400 MHz, CDCls) 6 (ppm) 12.68 (bs, 1H), 8.03 (d, J = 9.9 Hz,
CO,Et

1H), 6.42 (d, J = 9.2 Hz, 1H), 4.32 (q, J = 7.6 Hz, 2H), 3.11 (g, J = 7.6 Hz, 2H),
1.37 (t, J = 7.6 Hz, 3H), 1.34 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl3) & (ppm) 165.5,
164.7, 158.2, 143.1, 116.4, 108.2, 60.8, 26.1, 14.2, 13.9; HRMS (ESI-TOF) m/z; [M+H]" calcd

for C1oH1403N 196.0968, found 196.0968.

2-Methyl-6-oxo-1-phenyl-1,6-dihydropyridine-3-carboxylic acid (4a)

L o, @Q

| = EtOH rt

Me
CO,Et CO2H
(. 3a 4a J

To a round bottom flask containing the solution of ester 3a (1 mmol, 257 mg) in EtOH (20 mL)
was added 2N aqueous NaOH (10 mL) at rt. The resulting mixture was stirred at rt until
completion of the reaction (2h). The reaction mixture was then diluted with water and transferred

to a separating funnel and washed with ethyl acetate (2 x 5 mL). The aqueous layer was acidified
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to pH 2 with dil. HCI and extracted with EtOAc (3 x 20 mL). The organic layer was dried over
Na,SO, and evaporated under vacuo to dryness to afford pure acid 4a (202 mg; 88% yield),
which was used in the next step without further purification. 'H NMR (400 MHz, DMSO-dg) &
(ppm) 12.77 (bs, 1H), 7.94 (d, J = 9.8 Hz, 1H), 7.55 (t, J = 7.3 Hz, 2H), 7.48 (t, J = 7.3 Hz, 1H),
7.28 (d, J = 7.3 Hz, 2H), 6.40 (d, J = 9.8 Hz, 1H), 2.28 (s, 3H); *C NMR (100 MHz, DMSO-ds)
o (ppm) 166.8, 162.2, 153.9, 140.9, 138.6, 129.6, 128.7, 128.2, 116.4, 108.7, 19.4; HRMS (ESI-

TOF) m/z: [M+H]" calcd for C13H1,03N 230.0812, found 230.0810.

6-Methyl-1-phenylpyridin-2(1H)-one (5a)**

'd N\
0 @ Ag,CO; (2 equiv) 0 @
PivOH (1.5 equiv
oy (15 equiv) oy
Z Ve Na,COj; (4 equiv) Z Ve
CO,H DMA; 120 °C
4a 5a
\\ J

A glass tube with side arm was charged with acid 4a (0.1 mmol, 23 mg), Ag,CO3 (0.2 mmol, 55
mg), PivOH (0.15 mmol, 15 pL), Na,COj3 (0.4 mmol, 43 mg) and DMA (1 mL). The glass tube
was placed in preheated oil bath at 120 °C for 24 h. After 24 h, the reaction was cooled to rt,
diluted with ethyl acetate and filtered through a short pad of celite. The filtrate was washed two
times with water, dried over Na,SO, and evaporated under vacuo to dryness. The resulting
residue was purified by column chromatography to afford pure pyridone 5a (8 mg; 42%); Rf: 0.3
(1:1 EtOAc: Pet. ether); *H NMR (400 MHz, CDCl3) § (ppm) 7.56-7.50 (m, 2H), 7.48-7.43 (m,
1H), 7.31 (dd, J = 9.2, 6.9 Hz, 1H), 7.23-7.18 (m, 2H), 6.55 (d, J = 9.2 Hz, 1H), 6.11 (d, J = 6.9

Hz, 1H), 1.96 (s, 3H); *C NMR (100 MHz, CDCl3) J (ppm) 164, 146.4, 139.6, 138.8, 129.8,
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128.8, 127.8, 118.5, 106.1, 21.6; HRMS (ESI-TOF) m/z: [M+H]" calcd for C1,H1,ON 186.0913,

found 186.0914.

IV)HRMS Study of Ruthenacycle:

(.

o 0
CO,Et I .Me
N .Me
[RUCI,(p-cym)l,, KOAC i N
/ ~Me > |

\ Oxone, 1,4-dioxane ,RUX\ @Me
Me CO,Et CO,Et
2

2a 3h
Detected by HRMS
[M+H]* cacld 432.1107
found 432.1104

J

A glass tube with side arm was charged with [RuCl,(p-cymene)] (0.02 mmol; 12 mg) and KOAc

(0.04 mmol; 4 mg) under argon atmosphere. To this reaction mixture, 1,4-dioxane (4 mL; 0.1M)

was added and stirred for 1 h at rt. N-Methyl acrylamide 1h (0.2 mmol), ethyl 2-butynoate 2a

(0.4 mmol) and Oxone (0.4 mmol) were added to the mixture and it was stirred at 110 °C for 1 h.

The reaction mixture was immediately subjected to mass analysis. HRMS of Ruthenacycle(l11)

(ESI-TOF) m/z: [M+H]" calcd for CoH2s0sNRu 432.1107, found 432.1104.
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3.10. Spectra:
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'H NMR, 400 MHz
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'H NMR, 400 MHz
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'H NMR, 400 MHz

N’ Me
Me
CO,Et
3
@ R
| N
|
n
«©
7
CHLOROFORM-d
© 5@
88 |
<5
83 €3 bl
~os ~ © o 2
P2 § s N
! i
J | I
0.95 1.00 217 3.06 3.07 3.46
L = LI 5] 1] 1]
10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 20 15 1.0 0.5 0
Chemical Shift (ppm)
13
C NMR, 100 MHz
CHLOROFORM-d
-9
NS
~~ ,‘-g
~
o«
© o~
S 8 2} N
b © Q 3
o 3 &
! ~
=
] |
w3
o
o
|
Ry 8 8
g3 g g
— - — —
[ | |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

Dnyaneshwar N. Garad, Ph.D. Thesis

Page 169



Chapter 3

'H NMR, 400 MHz
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'H NMR, 400 MHz
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'H NMR, 400 MHz

N,Me
Me Me
3k COEt
CHLOROFORM-d
o
o
~ ©
o |
~
' L
A
0.98 2.04 3.00 3.02 3.01 3.02
|- ] =] U H =)
8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5 0
Chemical Shift (ppm)
13
C NMR, 100 MHz
CHLOROFORM-d
o
828
~~©
~T
'
=23
(=} wn
S oS ¢
o g S 3
| g ST
I 9 5
]
@
|
&<
K& 5% 8
oo < bt
S 3 |(T' =
[ |
- | VRO | DU | PR, .
Wb .2 i i ™ L ) A i Y
200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 16 8 0

Chemical Shift (ppm)

Dnyaneshwar N. Garad, Ph.D. Thesis

Page 172



'H NMR, 400 MHz

Chapter 3

Me .Me

Me Z Me
3l CO,Et

n
w0
7
CHLOROFORM-d
~ 83
R 8758
i 3
1 i N
2.05 3.00 3.036.04 3.10
[ — [~ L
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 05 0
Chemical Shift (ppm)
CHLOROFORM-d
N O D
L]
~N~©
~~~
C NMR, 100 MHz
3 g3
o e
o T I
9|8
8 ke
L= -
™ 7 |
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

Dnyaneshwar N. Garad, Ph.D. Thesis

Page 173



Chapter 3

'H NMR, 400 MHz
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'H NMR, 400 MHz Me
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'H NMR, 400 MHz Me
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'H NMR, 400 MHz
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HRMS Spectra of Ruthenacycle

[M+H]" calculated for C,0Hs0sNRu 432.1107,

found 432.1104.
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Miscellaneous

O, R R, "One-pot, novel protocol” 0, Rz 5 Rs f::::)tz?es

\ + a)14-Dioxane, 25-100 °C, 5min.-12h % ,;) « green protocol

AIR=NH, + Q2 ) (NH1)25:05 (2 equiv), DMSO @ equivy R - 10 column purifiation
I n e scalable
(1 equiv) d Ry 100 °C, 1-12 h o) Ry4 « high yields and purity
(1.1 equiv),n=0, 1 26 examples (up to 99%) e air and moisture tolerent
e broad substrate scope
Scheme 1. Radical-mediated dehydrative preparation of cyclic imides
p
NHBoc NBoc o e NHBOg ~ 4MHCI
~OH OM7scl, t-Buok (j Me SN m,
T e BF3.0Et,
(#)-6 #)-7 75% (#)-8
OAc 3 OA¢C OH
" e L »
2 o a) dioxane, o o N o LiAIH, N
SINTAN ) (NH.)28,05 - DMSO 0 Teen o
) (NH4)2S,0g - WO Nar w0 _~ar
79% (3-steps)
(¥)-9 (dr~1:1)
10 (dr ~1:1)
OMe Vernakalant (11)
Ar 5©[0Me <— [ARNE Shows relative steriochemistry)
(.
Scheme 2. Practical synthesis of the drug vernakalant

This work has been published in “Beilstein J. Org. Chem. 2015, 11, 1008.”
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