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Abstract

The contents of this thesis entitled “Direct C(sp®)-H Functionalization of Aliphatic
Amines” have been divided into eight chapters based on the results of experimental works
performed during the complete course of the research period. In recent years, direct activation
of C-H bonds to form C-C or C-X bond is one of the important topic of synthetic organic
chemistry. The first chapter of the thesis presents a review on different aspects of C-H
functionalization of aliphatic amines. Other chapters (2-5) mainly emphasize on the C-O and
C-C bond formations via direct C(sp®)-H functionalization. Chapter 2 and 3 illustrates
diastereoselective a-C(sp®)-H functionalization of aliphatic amines. Chapter 2 describes a
general route to access ring fused oxazines via silver mediated C-H oxygenation reaction.
Chapter 3 describes the synthesis of di-functionalized aliphatic N-heterocycles via relayed C-
H functionalization. Chapter 4 demonstrates microwave assisted metal and oxidant free direct
C-H aryloxylation of N-heterocycles. Chapter 5 illustrates synthesis of a,f-unsaturated
aldehydes, chromenes, chromene-2-ol derivatives through direct  B-C(sp®)-H
functionalization of aliphatic amines. Chapter 6 discusses about the synthesis, in silico studies
and in vitro evaluation for antioxidant and antibacterial properties of diarylmethylamines.
Finally, Chapter 7 and Chapter 8 contain the experimental details and copies of *H and *C

NMR data respectively.

Chapter 1: C(sp®)-H Functionalization of Aliphatic Amines

This chapter describes the brief history of C-H functionalization of aliphatic amines,
challenges for direct C-H functionalization, various strategies adopted to address those
challenges, and advantages of C-H functionalization over traditional approach in organic
synthesis. Various strategies which were employed for the C-H functionalization of aliphatic
amines have been shown in Scheme 1. In the first class of amine C—H functionalization, a
strong base was used for the formation of carbanion next to the nitrogen. The carbanion
subsequently reacted with a series of various electrophiles to produce functionalized amine.
In oxidative approach, amine was converted to an iminium ion which is then reacted with a
suitable nuclophile. The iminium ion can be generated by various means: a) direct oxidation
using standard oxidizing agents b) electrochemical oxidation c¢) photochemical oxidation d)

metal mediated dehydrogenation or €) intra or inter molecular hydride transfer.
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Scheme 1: Approaches towards amine functionalization

In radical approach, abstraction of a hydrogen atom occurred, leaving a a-amino radical
species. The radical intermediate was then reacted with suitable radical donor or acceptor.
The transition-metal-catalyzed approach functionalizes the C—H bond with the help of a
suitable metal.

Different ways of amine functionalization have its own potential for the conversion of
amine to its functionalized derivative. In concern to the ecological viability, which requires
the consideration of atom efficiency as well as less involvement of toxic materials like
metallic reagent and oxidants, methods developed have significant limitations. As for
example, the deprotonation methods do not involve ambient conditions. Moreover, the
commercial unavailability and long synthetic route to achieve (-) sparteine makes it a difficult
to access other enantiomer of functionalized product via these reactions. The
a—aminocarbanions generated in presence of chiral amine are configurationally unstable at
temperatures above -50 °C and unactivated electrophiles are very hard to react at such
temperatures. Furthermore, stereoselective «-lithiation of piperidine and piperazine
derivatives were remain unsuccessful. Reactions involving carbon-hydrogen (C—H) bond
oxidation required use of super-stoichiometric amount of oxidants which significantly limits
the scope of the reaction. Undoubtly photo-induced method was a break-through in the field
of amine functionalization. But the uses of sophisticated valuable transition metal catalyst
reduce its practical utility. Anodic oxidation method was successful only for pyrrolidine
derivatives, but remain ineffective for six, seven and eight membered cyclic amines, such as
piperidine, piperizine and morpholine. Redox-neutral ways are attracting method for the

construction of a desired functionalized product. Sometimes addition of Lewis/Bronsted acid




or base enhances the reaction rate but require higher temperature to reach the goal.
Importantly, pyrrolidine or tetrahydroisoquinoline was employed as only substrate to show
the efficiency of this method and other secondary amines (piperidine, acyclic amine) provided
poor/no yield. Therefore, development of methodology for direct functionalization of
aliphatic amine that can be applied for broad class of substrates under ecological viable

condition would be an important contribution to the field.

Chapter 2: Diastereoselective a-C-H Oxygenation of Aliphatic Amines: A General
Route to Ring Fused Oxazines

The aim of the thesis is to address the challenge of direct C-H functionalizaton of
unreactive cyclic and acyclic aliphatic amine. This chapter focuses on the silver oxide
mediated diastreoselective intramolecular oxidative a-oxygenation of N-heterocycles. In this
context, a novel method for direct C-H functionalization of saturated N-heterocycles leading
to the easy access to synthetically as well as biologically important and structurally diverse
ring-fused oxazines was developed. After a series of experiment, the best result was obtained
from a reaction of Betti base with silver oxide in xylene at 140 °C (Scheme 2). Diversely
substituted aromatic aldehyde based substrates were screened for the C-H functionalization
of pyrrolidine. It was observed that the substrates which derived from electron rich aromatic
aldehydes, provided relatively lower yields in comparison to the substrates that are derived
from either electro-neutral or electron deficient aldehydes. The method is operationally
simple, scalable, highly diastereoselective, and equally efficient to functionalize broad class
of both cyclic and acyclic amines including the ones that are difficult to functionalize by other

methods. This route provides an efficient synthesis of dihydro-1,3- oxazines.
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Scheme 2: Silver oxide mediated C-H oxygenation




Based on the experimental findings and literature reports a plausible mechanism has been
proposed for this transformation (Scheme 3). Silver oxide mediated the oxidation of amino
alcohol 3 to corresponding quinone methide 4. Zwitter ion 6 was formed from 4 either via [1,
6]-hydrogen shift or via mesomerization. Diastereoselective intermolecular cyclization of 6

provided desired oxazine 7 (Scheme 3).

' Are_ N\ R N\ F'<
OH_"=27_ OH__, H
transfer dlastereoselectlve
cyclization

R! R!
‘fTn (rf n
A __N._R o A N R
o abstraction OH
8 9

Scheme 3: Mechanistic proposal for oxazine synthesis.

Chapter 3: Iterative C(sp®)-H Functionalization for the Syntheses of Di-functionalized
Secondary Aliphatic Amines

Disubstituted pyrrolidines, piperidines occur ubiquitously in many natural products,
biologically active compounds, and in functional materials. Particularly lobelane, six
membered di-functionalized N-heterocycle, is an important compound having [3H]DTBZ
binding affinity at the vesicular monoamine transporter-2 (VMAT2). Either multistep
synthetic route or pre-functionalized N-heterocycles have been applied to access those di-
functionalized amines which reduces the practical utility of the method. An efficient, practical
method for the synthesis of structurally diverse di-substituted N-heterocycles through
successive a-functionalization of N-heterocycles have been developed. The two substituents
at the a-position of the N-heterocycles could be varied easily by the choice of appropriate
Grignard reagents. The synthetic potential of this sequential strategy was specifically
demonstrated by the efficient synthesis of the nor-lobelane, a piperidine based alkaloid

(Scheme 4). The method also allows the synthesis of different di-substituted N-heterocycles.
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Scheme 4: Di-functionalized amines through iterative synthesis

Chapter 4: Metal and Oxidant Free Direct C-H Aryloxylation of N-Heterocycles

Ring fused oxazines are very important molecules because of their interesting bio-activities
and for their use in synthesis of functionalized N-heterocycles. Metal and oxidant mediated
direct C-H functionalization were mainly employed for their preparation. In this chapter, a
metal, oxidant and other additive free novel method for direct C-H aryloxylation of aliphatic
N-heterocycles has been presented. Structurally diverse ring-fused oxazines were produced
via heating a mixture of suitable carbonyl compound and amine under microwave irradiation
(Scheme 5). Mechanistic studies suggested that the reaction proceeded through quinone

methide intermediate.
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Scheme 5: a-Oxygenation of N-heterocycles

It is proposed that first carbonyl compound 17 reacted with secondary amine 18 to produce
iminium ion 19. Iminium ion 19 then isomerized to 20. The iminium ion 20 could either intra-

molecularly cyclised to oxazine 21 or could be dissociated to generate quinone methide 22.




Subsequently quinone methide 22 could also react with cyclic imine 23 via [4+2]
cycloaddition to give the corresponding oxazine 21. In the presence of excess amine 18, the
quinone methide could produce the N-benzylated product 24 (Scheme 6). N-Benzylated
heterocycle 24 was isolated on use of excess 18.
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r Y R /’}r‘\/R R N_R
1
OIS o OH
17 pw, toluene 145 °C 19 24
R\w
HN_ _R
isomerization ‘ ‘ ~
(R\ rR\\ 18
1 |
R N\SR R N%/R R|
H
0 OH ¢ (R\
oLy G
23
21 2 22
} 4+2 or via 20 0 B

Scheme 6: Proposed mechanistic pathway

Chapter 5: Direct p-C(sp®-H Functionalization of Aliphatic Amines to Conjugated
Aldehydes, Chromenes, Chromene 2-ol

Various synthetic methodologies were developed for the preparation of «a-C-H
functionalization of amines. On the other hand, although indirect pathways are known for the
preparation of g-functionalized amine, reports on direct functionalization of more challenging
B-C(sp?)-H bonds are only very few. The existing methods uses either metal- and/or oxidant-
based reagent/catalyst to achieve direct f-C(sp®)-H functionalization of amines. A metal-free
method for direct 5-C(sp®)-H functionalization of aliphatic amines have been developed. The
method is based on a reaction that yields enamine directly from corresponding aliphatic amine
25, which otherwise requires the aid of metallic reagent and/or external oxidant. The reaction
is operationally simple, general and highly efficient in functionalizing both cyclic and acyclic
amines. Acyclic amines provided 2-alkyl cinnamaldehyde 27 and benzopyran derivatives
with excellent E/Z-selectivity. Preparation of unsaturated aldehydes, primarily via cross-aldol
reaction, remained inefficient due to the associated undesired self-condensation and
polymerization reaction. These complications can be potentially avoided during their
syntheses via this operationally simple method utilizing amine as the formal aldol-donor.
Different dialkylamines were reacted with various aldehydes providing structurally diverse
2-alkylated cinnamaldehyde derivatives (Scheme 7). Many of them can be considered as

Vi



potential aroma substances for use in fragrance industry. Particularly, hexyl cinnamal is a

natural aroma found in essential oil of Chamomile and used in perfume.
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Scheme 7: Direct 8-C(sp®)-H functionalization of aliphatic amines

A mechanistic proposal for the metal- and oxidant-free direct -C-H functionalization of

secondary amine is presented in Scheme 8.
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Scheme 8: Plausible mechanism for g-functionalization of aliphatic acyclic amines
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Aldehyde 29 condensed with secondary aliphatic amine 28 providing iminium ion 30, which
then rearranged to isomeric iminium ion 31. Nucleophilic substitution reaction occurred at
the benzylic or allylic position of 31 to release imine 32 and benzyl alcohol 33 or benzyl
amine 34. Subsequent reaction of enamine, formed from imine 32, with aldehyde 29 provided
a, B-unsaturated imine 36 via intermediate alcohol 35. The unstable imine 36 underwent
hydrolysis providing conjugated aldehyde 37. Similar to enal 37, compound 38 was formed
for salicylaldehyde based substrates on reaction with acyclic amines. The hydroxy group of
salicylaldehyde promoted intramolecular cyclization providing chromene-2-ol 40 that
underwent subsequent oxidation to coumarin derivatives 41. Ring closing occurred either via
thermal 6m-electrocyclization of o-quinone methide 39 or through intramolecular

hemiacetalization of 42 (Scheme 8).

Chapter 6: Synthesis, In silico Studies and In vitro Evaluation for Antioxidant and
Antibacterial Properties of Diarylmethylamines

In recent years the treatment of some bacterial infections has become more complicated
because of the increase in bacterial resistance against conventional antibacterial agents. Also,
many of the known potential antibacterial agents are structurally complex and thus these are
difficult to obtain with adequate quantity. Hence, identification of new class of safe, highly
effective and easily accessible chemotherapeutic agents becomes inevitable. In this context,
diarylmethylamines belong to a promising class of molecules because of their important
pharmacological profile, structural simplicity and easy accessibility. This chapter describes
in silico studies and in vitro evaluation for antioxidant and antibacterial properties of
diarylmethylamines. In quest of the potent and novel class of antimicrobial compounds, a set
of structurally diverse diarylmethylamines/Betti bases were designed and synthesized.
Suitable aldehydes were condensed with different secondary amines in the presence of
electron rich phenolic compounds to obtain the desired diarylmethylamines (Scheme 9). The
antimicrobial behaviour of novel diarylmeyhylamines against Listeria monocytogenes and
Escherichia coli enterotoxic were investigated in collaboration with Prof. L. Rangan. It was
found that the Betti bases showed significant antibacterial activity compared to the
corresponding oxazines. The antibacterial action of synthesized compounds was evaluated by
microbroth dilution assay. The anti-bacterial activity was further supported by flow cytometry
and FESEM imaging. DPPH-assay was employed to evaluate their antioxidant behaviour.

The physico-chemical parameters of synthesized compounds were determined by in

viii



silico studies. The present study revealed that diarylmethylamine derived from sesamol to be

more potent than one derived from 2- naphthol and phenol based compounds.
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Scheme 9: Synthesis and evaluation of novel antibacterial compounds

Compound 46 containing sesamol and N- methyl piperazine was found to be the most potent
(MIC: 15 ng/mL) against Gram-positive (L. monocytogenes) bacteria. It showed antibacterial
effect through the damage of bacterial cell membrane which was confirmed by FC and
FESEM analyses. Other compounds showed moderate or no activity against Gram-negative
bacteria. Compounds 46 and 47 also showed strong free radical scavenging activity (370
pg/mL) similar to BHT (184 pg/mL) in DPPH assay.







Chapter 1

C(sp®)-H Functionalization of Aliphatic Amines






Introduction

1.1 Introduction

Nature produces a large number of molecules having C—H bonds, starting from simple
hydrocarbon methane to complex molecules such as proteins and enzymes. Nature has its
own way to functionalize C-H bonds as it routinely uses C—H oxidation, generally mediated
by oxygen-activating heme- and non-heme iron enzymes, to directly install oxidized
functionality onto the pre-formed framework of complex molecules. In contrast, the
synthetic approaches suffer a lot of difficulty as traditional organic methods rely heavily on
reactions, which require extensive functional group manipulation including protection-
deprotection sequences, to add oxidized functionality in a molecule (Scheme 1, A). Due to
the lack of empty orbitals of low energy or filled orbitals of high energy that could readily

participate in a chemical reaction, the C-H bond remains inert towards a synthetic reaction.

B

A
\ N @ \ \
//C_@ //C_ //C @ //C_@
\ \
Coe) o)

\ \
@ oy re O
/ /

Scheme 1: (A) Traditional approach to organic synthesis by means of functional group (FG)
transformation. (B) Synthesis by means of C—H bond functionalization.

Two fundamental challenges are associated with the direct functionalization of C-H
bonds. 1) Reactivity-‘activating’ a inert C-H bond so that it permits the barrier of chemical
attack; 2) Selectivity-targeting a specific C-H bond among the other available C-H bonds in
the molecule.! The approaches for the direct functionalization of C-H bonds to C-C, C-O or
C-N bonds not only streamlines the existing synthesis but also contributes for changing the
way chemists think about chemical reactivity to plan chemical syntheses. Therefore, precise
one step transformation of ubiquitous C-H bonds to C-C or C-X (X = N or O) without
disrupting other functionality is hugely demanded for syntheses. Modern synthetic organic
chemistry utilizes direct transformation of C-H bond as it is advantageous in the context of
atom and step economy (Scheme 1, B).? For example, the straightforward synthesis of
target molecule 1.2 from starting material 1.3 overcomes the barrier of multiple
transformations that are used in classical synthesis of same target 1.2 starting from

compound 1.1 (Scheme 2).
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O (0] OH O (0]
+ R. —_— —_—
R1)J\H 2\)LR3 R1)\HLR3 R»]MRQ,
11 R, Ry

R1_X + R3 R1 R3
R, R, 1.2

target molecule

Scheme 2: Multistep reaction vs direct C-H Functionalization

The vast area of chemistry deals with many natural and unnatural compounds with
biological relevence.® Functionalized amine unit builds the framework of a large number of
these molecules. Therefore, functionalized amines have a unique importance in drug
discovery. Selected examples of some natural products containing pyrrolidine and

piperidine are given below (Figure 1).

| H | |

Hygrine Norhygrine Psedohygroline Hygroline
o OH
‘ N N N
N I H H
Pelletierine N-Methylpelletierine Sedridine Allosedridine

Figure 1: 2-Substituted pyrrolidine and piperidine based natural products

Many drugs have been designed to mimic or to interfere with the action of natural amine
neurotransmitters. For example phenylephrine, an acyclic amine, is a selective aj-adrenergic
receptor agonist of the phenethylamine class used primarily as a decongestant, as an agent
to dilate the pupil, and to increase blood pressure.> Amoxapine is a well-known secondary
amine tricyclic antidepressant, which is a member of dibenzoxazepine family.® Moxifloxacin
containing functionalized pyrrolidine and piperidine unit is a fluoroquinolone antibacterial
agent and marketed worldwide as the hydrochloride salt for oral treatment and also used in
an ophthalmic solution (eye drops) for the treatment of conjunctivitis.” A few other
examples are depicted below (Figure 2).8°



https://en.wikipedia.org/wiki/Neurotransmitter
https://en.wikipedia.org/wiki/Alpha-1_adrenergic_receptor
https://en.wikipedia.org/wiki/Alpha-1_adrenergic_receptor
https://en.wikipedia.org/wiki/Agonist
https://en.wikipedia.org/wiki/Substituted_phenethylamine
https://en.wikipedia.org/wiki/Chemical_classification
https://en.wikipedia.org/wiki/Decongestant
https://en.wikipedia.org/wiki/Pupil
https://en.wikipedia.org/wiki/Blood_pressure
https://en.wiktionary.org/wiki/secondary_amine
https://en.wiktionary.org/wiki/secondary_amine
https://en.wikipedia.org/wiki/Tricyclic_antidepressant
https://en.wikipedia.org/wiki/Dibenzoxazepine
https://en.wikipedia.org/wiki/Fluoroquinolone
https://en.wikipedia.org/wiki/Antibacterial_agent
https://en.wikipedia.org/wiki/Antibacterial_agent
https://en.wikipedia.org/wiki/Conjunctivitis
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Figure 2: Top retailing drug molecules containing 6-membered heterocycles in market

1.2 Approaches to amine C—H functionalization

Early approaches for the selective functionalization of C-H bond relied on radical
chemistry. Hofmann-Loffler-Freytag reaction is an example where thermal or
photochemical decomposition of N-halogenated amine 1.4 occurs in the presence of a
strong acid to form a highly reactive intermediate that provides the cyclic amine 1.5
(Scheme 3, eq. 1).1°

H .

G -Cl -HCI

®

R1/\/\/'TLR2 /@*R )-/Q~ I\l’\l R/|j’\> W

Cl R; H) \H 2 R; H/ \HR2 R; Cl \|:|R2 1 "qz

1.4 cl 1.5
ON
RZ/H\/\/\R']

Scheme 3: Intramolecular C—H functionalization

Functionalized amines are available as a major class of medicinal drugs in market. Thus
it is necessary to develop methods for amine functionalization.! In spite of the difficulty in
functionalizing a-C(sp®)-H bond in aliphatic amines, a number of different approaches have
been developed.!? In the first class of amine C—H functionalization, a strong base was used
for the formation of carbanion next to the nitrogen. The carbanion 1.7 subsequently reacted

with a series of various electrophiles to produce functionalized amine 1.8 (Scheme 4, eq. 2).
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The next class is an oxidative approach (Scheme 4, eq. 3). In this method, amine 1.6 was

converted to an iminium ion 1.9, which is then reacted with a suitable nucleophile.

S0 electrophile J\ @)
base \\N © _— SNE
R R
1.7 1.8
nucleophile :
‘\®/J ” ~ ®3)
N N Nu
R R
; /L 1.9 1.10
SNTH
R <
A electrophile 4
1.6 SN =1 e 1 “4)
R N~ E
R
1.1 1.12
 RX /L ®)
~ ~
N M N R'
NS N
1.13 1.14

Scheme 4: Major approaches to a-C—H functionalization of aliphatic amines

The iminium ion can be generated by various means: either via a) direct oxidation using
standard oxidizing agents; b) electrochemical oxidation; c) photochemical oxidation; d)
metal mediated dehydrogenation or €) intra or inter molecular hydride transfer. In radical
approach, abstraction of a hydrogen atom occurred, leaving a a-amino radical species of the
type 1.11. The radical intermediate was then reacted with suitable radical donor or acceptor
(Scheme 4, eq. 4). The transition metal catalyzed approach functionalizes the C—H bond
with the help of a suitable metal (Scheme 4, eq. 5). There are a number of different
subtypes of these four pathways, but most amine C—H functionalizations proceed through

one of these approaches.

1.3 Amine C-H functionalization through deprotonation

The oldest reported method for the direct functionalization of nitrogen-containing
aliphatic heterocycles involved a-lithiation with alkyllithium/diamine complexes followed
by electrophilic substitution.®®> Many dipole-stabilizing groups, like formadine,
phosphoramide, amide, nitroso, oxazoline, and tert-butyl carbamate functionalities were
effective for a-lithiation of tertiary-amines.’?® Among these, the tert-butyl carbamate (Boc)
protecting group was widely used due to easy availability, practicality and ease of
installation/removal. A general strategy and selected examples are described below
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(Scheme 5, eq. 6). Different other examples in the field of C-H functionalization were
reviewed in different occasion.’*> The pioneering work for a-functionalization of N-Boc
pyrrolidine was developed by Beak and co-workers in 1991. They reported that in presence
of chiral diamine (-)-sparteine and *BuLi deprotonation of N-Boc pyrrolidine 1.17 occurred

at a position to nitrogen functionality. The resulting chiral organolithium complex 1.18

1) RLi / diamine

Beak, 1991
SBuLi H
(-)-sparteine T . 7 N
e ZNBWU N TMs @) ! .
N | 2
|
Boc Boc Boc "
117 (5)-1.18 (S)-1.19
71%, 94% ee (-)-sparteine (L1)
O'Brian, 2002
O SBuLi D‘ TMSCI D‘ Me\N H
— ==, Lf TMS (8)
N (+)-sparteine '}‘ ,I\l
Boc  Surrogate Boc Boc
1.17 (R)-1.20 (R)-1.21 L2
84%, 95:5 er (+)-sparteine surrogate (L2).

Scheme 5: Amine C—-H functionalization through deprotonation

was subsequently trapped by suitable electrophiles at low temperatures to give enantio-
enriched product 1.19 with good yield and high enantioselectivity (Scheme 5, eq. 7).1°
However, the commercial unavailability and long synthetic route to obtain (+)-sparteine,
made it difficult to access the other enantiomer of the functionalized product from these
reactions.!’” In 2002, O’Brian and co-workers reported an analogue of (+)-sparteine which
allowed for the synthesis of other enantiomer (R)-1.21 with comparable enantiomeric
excess (Scheme 5, eq. 8).1 For stereoselective reactions with less reactive electrophiles,
transmetallation of organolithium compound to other metals was necessary. Many
organocuprate or organozinc reagents, for example, are configurationally stable up to room
temperature (Scheme 6, eq. 9 and eq. 10).1? Accordingly, Campos and co-workers prepared
organozinc 1.26 via transmetalation of organolithium (S)-1.18 with ZnCl,. A Negishi cross-

coupling with resulting organozinc species provided functionalized pyrrolidine 1.27
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(Scheme 6, eq. 11).* Although the deprotonative approach was quite useful for the
functionalization of amines, stereoselective reactions at -78 °C were limited to very reactive
electrophiles such as aldehydes, TMSCI, Me;SOs, epoxides and other activated
electrophiles. The a-aminocarbanions generated with chiral amine ligands are
configurationally unstable at temperatures above -50 °C and unactivated electrophiles

hardly react at such temperatures.

CUuCN + 2LiCl e® O‘
N~ JCU(CN)Li, ——————~ E

-78°Ctort

éoc Boc
SBuLilL1 123 2 1.24
'}‘ 78°C ’T‘ Li.L1
Boc Boc E@
1.17 & D‘
1.22 'Tl ZnCl — : 'Tl E
.78 °C to rt Boc Negishi coupling Boc
1.25 1.24
Campos, 2006
1) SBulLi cat. Pd(OAc),
{ \ -) sparteine / > f ¥ .
N (-) sp " _— Bus;P-HBF,4, PhBr N “ph (1)
| |
éoc 2) ZnCl, Boc Boc
1.17 1.26 1.27

83%, 96:4 er
Scheme 6: Transmetallation strategy

1.4 Oxidative approaches to C-H functionalization

The use of external oxidants like iodine, molecular oxygen and peroxides are quite
common to generate an iminium ion.'® Stoichiometric amount of molecular iodine, was
used in the Henry-type reaction as demonstrated by Leonard and co-workers (Scheme 7, eq.
12).2° Many catalytic approaches using transition metal catalyst have been developed for
this type of reaction, usually using either oxygen or peroxides as the terminal oxidant.
Klussmann and co-workers published a tandem VO(acac)./proline catalyzed oxidative C-H
functionalization of tetrahydroisoqunoline derivative 1.30. However, the isolated products
were racemic due to facile racemisation of S-amino-ketones (Scheme 7, eq. 13).2! The use
of less expensive FeCls. 6H.0 was successesfully shown by Kumaraswamy and co-workers
to catalyze the oxidation of even challenging substrates 1.32 for producing cyclic N,O-
acetal 1.33 (Scheme 7, eq. 14).22 Prabhu and co-workers reported synthesis of a-
functionalized product 1.35 from N-phenyl tetrahydroisoquinoline 1.34 when reacted with

different nucleophile in the presence of DDQ and molecular oxygen. (Scheme 7, eq. 15).%

(10)
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Wang and co-workers have shown enantioselective oxidative Mannich-reaction of 1.36,
using phenylalanine as asymmetric organocatalyst and DDQ as stoichiometric oxidant, to
provide the desired product 1.38 (Scheme 7, eq. 16).2* In 2014, Tokuyama and co-workers
used acetic acid as an additive and molecular oxygen as oxidant to functionalize 1.30 to its

a-substituted derivative 1.39 via an aza-Henry type reaction (Scheme 7, eq. 17).2°

Leonard, 1949 Klussmann, 2009

0,
@G BnNO,, I, KOAc 12) @G acaszzhlg mol%) 1
N. N 13
Me Ph (13)

{BUOOH (1.5 equiv.)

Me
acetone
1.28 (e}
87% 1.29 69% 1.31
Kumaraswamy, 2010 Prabhu, 2012
R
[\ FeCly.6H;0 (10 moi%) [_)\ \[o]/ (15)
N" HO b Noar
U ‘BUOOH (2 equiv.) DDQ (10 mol%)
AIBN (10 mol%) Me
1.32 65% 1.33 O, (1 atm), 60 °C o)
86% 1.35
(e}
Wang, 2013 Tokuyama, 2014
ij 1.37 0, (1 atm), MeNO,
(16) AcOH (5 equiv.) 90 °C
N. 17)
N. . PMP Ph
PMP 'PrOH (20 mol%) o
1.36 DDQ (.1 equiv.) Ph NO,
phenylalanine (20 mol%)
92% 1.39

65% 1.38

Scheme 7: Oxidative approaches to C—H functionalization

Extensive use of copper has been reported in literature in transition-metal catalyzed
methodologies for the oxidative a-functionalization of cyclic tertiary amines with a variety
of classical chemical oxidants (‘BuOOH, O). Oxidation with copper salt was demonstrated
by Li and co-workers in 2004. They have shown that C-C bond can be constructed via
oxidative coupling of C(sp®)-H bond of amine 1.40 with C(sp)-H of alkynes (Scheme 8, eq.
18).%6 In addition, Li and coworkers extended the reaction using malonates and
malononitrile,?” nitroalkanes,?® indoles as the coupling partner with amine (Scheme 8, eq.
19).2° In 2009, the same group expanded the reaction for the functionalization of secondary
amines 1.43 using phenylboronic acids (Scheme 8, eq. 20).2° Klussmann and co-workers
reported a copper-catalyzed Mannich-reaction, using silyl enol ethers as the nucleophile, to
convert 1.30 to 1.45 (Scheme 8, eq. 21).3! In 2011, Miura and co-workers published a
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copper mediated cycloaddition reaction of N,N-dimethyl aniline 1.40 with di-keto amine

1.46 yielding polycyclic product 1.47 (Scheme 8, eq. 22).%?

Li, 2004 Li, 2005

Me., .M Me.

e N er CuBr (5 mol%). e N\
BuOOH (1.2 equiv.) Ph CuBr (5 mol%) N

phenylacetylene @G BUOOH (1.3 equiv.) “Ph
—_—_—m —_—
N<pp, indole N
1.40 74% 1.41 1.30 Q NH

79% 1.42

Li, 2009 Klussmann, 2009

OTMS
CuBr (10 mol%) Ph
H tBUOOH (1 equiv.)

H
PMP. N icacid PMP N
~ ~. phenylboronic acid ~ )\W ~ (20 @G
Hﬁof __phenylboronic acid N (20) N. Nepp, (21)

Ph
o} CuCl,.2H,0 (10 mol%)

75% 1.30 0, (1 atm), acetone o
- ¥, \ 92% 1.45

Miura, 2011

Me\N,Me o 4o

Me\N
© . [ N=Ph cuCl, (20 moi%) N—Ph
—_—
i (22)
0 air H o
1.40 1.46 1.47

Scheme 8: Cu-catalyzed functionalization of amines

1.5 Photochemical methods for amine functionalization

In synthetic organic chemistry, visible light provides a powerful tool for conversation of
cyclic tertiary amines to its a-functionalized products. This method involves combination
of UV-visible light and photo-catalyst for the generation of iminium intermediates. After
2010, the photochemical method for functionalization of amines has been extensively
developed. Early reports by Bryce-Smith of photochemical transformation involved
addition of benzene to triethylamine upon irradiation with mercury arc lamp (Scheme 9, eq.
23).3% In 2010, iridium based photo-catalyst was used by Stephenson and co-workers for the
oxidation of N-phenyl tetrahydroisoquinoline 1.30 in an aza-Henry type reaction using
visible light (Scheme 9, eq. 24).3* Later Rueping group have also demonstrated photo-
catalyzed alkylation of N-phenyltetrahydoisoquinoline 1.30 using ruthenium based
photocatalyst. (Scheme 9, eq. 25).%° A similar photocatalytic method was developed by
MacMillan and co-workers for a-C-H arylation reaction of aliphatic amine 1.53 (Scheme 9,
eq. 26).% Konig and co-workes described oxidative a-coupling reactions of N-aryl
tetrahydroisoquinolines 1.34 with different pronucleophiles such as nitromethane, dialkyl

malonates, dialkyl phophonates and malononitrile in the presence of using the organic dye

10
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Eosin Y as a photocatalyst (Scheme 9, eq. 27).3" In 2014, the groups of Stephenson and
Jacobsen  reported  enantioselective  oxidative @~ C-H  functionalization  of
tetrahydroisoquinoline derivatives 1.30 using a combination of photo-redox and asymmetric
anion-binding catalysis (Scheme 9, eq. 28).3® Photocatalyzed oxidation of tertiary amine
generated a iminium ion equivalent under mild conditions which was subsequently trapped
in a stereo-selective nucleophilic addition reactions assisted by a chiral H-bond donor
catalyst. Recently, in 2016, Bissember and co-workers described Brgnsted acid mediated
copper(l)-catalyzed a-C—H bond functionalization of N-aryltetrahydroisoquinoline 1.61 in
the presence of green LED (Scheme 9, eq. 29).%°

Bryce-Smith, 1971 Stephenson, 2010
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ASNTN . © mercury arc lamp Et,N (23) @\/? Ir(ppy)2(dtbbpy)PFg (1 mol%) (24)
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Rueping, 2011 MacMillan, 2011
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Ru(bpy)s(PFe)s (1 mol%) Ir(ppy)3 (1 Mol%)
proline (10 mol%) ok ;
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1.30 F CN
O 95% 1.52 1.53 1.54 96% 1.55
Konig, 2011
CHy(CN), R'CH,NO,
N\A N
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Br. ! N l Br 1.57
HO O O
Br Br
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Stephenson, Jacobsen, 2014 Bissember, 2016
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CCly, visible light AN -
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catalyst (20 mol%) co,Me Ry DMF “'H
1.30 OMe 160 ~+2 3 20 20equiv. TFA ) 1.63
0\ 1.62 green LED R, (¢}
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Scheme 9: Photo-induced amine functionalization
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1.6 Electrochemical methods for amine functionalization

Among the various oxidative methods for a-C-H functionalization of tertiary amines via
an iminium ion intermediate, anodic oxidation has the potential advantage as compared to
oxidant-based reaction that produce unwanted waste from chemical oxidants. One early
example of anodic oxidation of N-heterocycles to deliver the corresponding a-aminal 1.65
was described by Shono and co-workers in 1985.4C This method involved oxidation of
cyclic amine 1.64 to corresponding N-acyliminium ion and its subsequent reaction with
nucleophilic solvent. Further treatment of 1.65 with Lewis acid generated an N-acyliminium
ion which upon consequent reaction gave bicyclic product 1.67 (Scheme 10, eq. 30). In
1999, Yoshida and co-workers developed a “cation-pool” method involving generation and
accumulation of cationic intermediates 1.69 through electrolysis and followed by
nucleophilic addition under oxidant free conditions (Scheme 10, eq. 31).** In 2002, the
same group extended the cation-pool method to generate radical species 1.71 which

subsequently gave the amine functionalized product 1.72 (Scheme 10, eq. 32).%?

Shono, 1985
0 Anodic oxidation o o MeOgQN

[N I _2Fmor YO L) I~

N MeO™" _ \ﬁ (30)

| MeOH | DCM |

CO,Me CO,Me CO,Me

(0]
1.64 52% 1.65 50% 1.66 1.67

N-acyliminium ion
Yoshida, 1999

{ \ 2e. -H* / \ allyltrimethylsilane %
N’ N (31)

N |
| |
CO,Me CO,Me COMe

1.68 1.69 82% 1.70

Yoshida, 2002

O 2o @ e Q Z > Co,Me Q\ﬁcozlvle

B ————

N \ \ ) (32)
CO,Me CO,Me CO,Me COMe
1.68 1.69 1.71 84% 1.72

Scheme 10: Electrochemical amine C—H functionalization
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1.7 Amine functionalization through radical formation

The highly reactive radical species are also useful towards the amine C-H
functionalization. The well-known tin hydride based radical reactions have been reported by

several groups as the efficient method to access complex structures such as polycyclic

compounds.
Snieckus and Curran, 1990
I\I/Ie
: N (33)
“'Ge )CL/ Bu;SNH/AIBN o
~ +
Me MeO™ N7
Br O MeO™ ~O
1.73 1.74 1.75
J BuzSn ‘
©\’//0 [1,5]-H transfer @YO
H _N
H\/N‘Me " “Me
1.76 1.77

Murakami and Eto, 1995

N | o Sml, NEt

. OH (34)
K@ Et)J\Et ©

1.78 1.79

83% 1.80
Renaud, 2007

PhSH (2 equiv.) 1) m-CPBA
AIBN (2 equiv.) CH,Cl,, 0°C, 3 h
N @ N SPh +10Me (35)
, fBUOH, reflux, 20 h = 2) DMSO, 110-180 °C

Rj = R4 2

=Pr
1.81 1.82 RZ OMe 1.83

Scheme 11: Amine functionalizations via radical formation

In 1990, Snieckus, Curran and co-workers disclosed areaction of ortho-halobenzamides
1.73 with BuzSnH/AIBN producing an a-aminoalkyl radical 1.77 via [1,5]-H transfer. The
radical was subsequently coupled with electrophiles such as methyl or ethyl acrylate 1.74 to
furnish the product 1.75 (Scheme 11, eq. 33).*® Nitrogen heterocycles were also
functionalized directly using samarium diiodide (Scheme 11, eq. 34).* To reduce the toxic
metals involved in these radical reactions, chemists were encouraged to investigate for more
environmentally benign reactions. Such kind of reaction appeared in 2007 by Renaud and

co-workers. They reported a tin-free radical-cascade reaction of 1.81 with thiophenol in

13
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refluxing '‘BuOH to produce 1.82. The reaction involved [1,5]-hydrogen-transfer/cyclization
process using thiophenol as a versatile reagent to generate alkenyl radicals. Thioether group
of 1.82 was easily eliminated delivering indolizidone derivatives 1.83 (Scheme 11, eq.
35).%

1.8 Transition metal catalyzed approaches to C-H functionalization

Transition metals play a significant role in synthetic organic chemistry. The valuable
metals give a suitable platform for organic transformation. Transition-metal catalyzed
functionalization of amine C—H bonds proceeds through both outer-sphere and inner-sphere
mechanisms.'? The outer-sphere pathway generally involves the use of a dirhodium catalyst
to facilitate the insertion of a carbenoid or nitrenoid species into a C—H bond.*® In 1999,
Davies and co-workers introduced a chiral dirhodium catalyst for the formation of a-
functionalized pyrrolidine derivative 1.86 from N-acylated pyrrolidine 1.84 (Scheme 12,
eq. 36).*” The insertion of a nitrene to an amine a-C—H bond was reported by Compain and
co-workers in 2006, where amine 1.87 underwent an intramolecular annulation to form
aminal 1.88 (Scheme 12, eq. 37).%

Davies, 1999 Compain, 2006

M
N, 1) Rhy(S-DOSP), T PhI(OAc),, MgO
(Y. o R AL s Rhy(OAc), N
7 Ph  (36) " _ HN | (37)

N Ph” “CO,Me 2)TFA N "H N \ Ts

| —
Boc Ts  OSO,NH, 0//8\‘0 o
1.84 1.85 72% 1.86 1.87

67% 1.88

Scheme 12: Carbenoid and nitrenoid insertions

Amine functionalizations through inner-sphere mechanism proceed via the oxidative
addition of the C-H bond to the metal complex. The organometalic intermediates thus
produced were reacted in different way to obtain functionalized amines. In 1998, Jun and
co-workers reported the use of Ruz(CO)12 as a catalyst for the conversion of benzyl amine
1.89 to a-substituted amine 1.91 (Scheme 13, eq. 38).° It was proposed that the pyridinyl
nitrogen of 1.89 acts as a directing group for metalation reaction. Murai and co-workers
have contributed extensively to the general area of transition metal-catalyzed C-H
activation. In 2000, they showed carbonyl insertion to pyrrolidine C-H bond in 1.92 using
carbon monoxide, ethylene and a rhodium catalyst (Scheme 13, eq. 39).%° The scope of the
reaction was limited with respect to olefin coupling partner. Good yields were obtained

solely with ethylene. In 2004, Yi and co-workers demonstrated alkylation of cyclic
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secondary amines 1.94 ethylene in the presence of a ruthenium complex (Scheme 13, eq.
40).5! Only few secondary amines yielded 1.95 and others gave imine 1.96. In 2006, the a-
arylation of pyrrolidines using Ru3(CO)12 and aryl boronate ester was achieved by the
Sames group (Scheme 13, eq. 41).%

Jun, 1998 Murai, 2000

Bu O
~ Me 190 ~ Me <N> cat. [RhCI(COl, Q\i (39)

~ P N Me

N l\ﬂ-! cat. Ruz(CO)4, N~ "NH | XN CO, H,C=CH, |
=
%
189 Ph Bu/\)\Ph o, 1.93
95% 1.91 1.92 70% 1.
Yi, 2004 Sames, 2006
cat. (PCys)2(COJRUHCI (40 F’hD cat. Ru3(CO)q Ph’O"’Ph
. T, N @1
henyl b te est

N ethylene \ PheNgR e B is! /\_& N
1.94 1.95 (40:60) 1.96 1.97 76% 1.98

Scheme 13: Transition metal catalyzed amine functionalization

1.9 Redox-neutral C-H functionalization
1.9.1 Through intramolecular hydride shift

Intramolecular [1,5]- or [1,6]-hydride shift from tertiary amine (tert-amino effect?)
followed by ring closure reaction also offers a mechanistically distinct way for the amine
functionalization. Sometimes the use of a Brensted or Lewis acid catalyst facilitate the
[1,5]- or [1,6]-hydride transfer step.}?®® One such reaction reported by Meth-Cohn and co-
workers in 1967 (Scheme 14, eq. 42).>* The reaction involved [1,6]-hydride transfer from
an aryl pyrrolidine to imine in 1.99 leading to iminium 1.100 which after ring closing
yielded aminal 1.101. In 2009, the Seidel group reported Brgnsted acid catalyzed reaction of
1.102 to cyclic aminal 1.103 via [1,5]-H-transfer. (Scheme 14, eq. 43).%° In the same year
they also published an asymmetric C-H functionalization based on the tert-amino effect
using Mg(Il)-DBFOX complex as a Lewis acid catalyst (Scheme 14, eq. 44).%° In 2009,
Akiyama group published a Brensted acid promoted cyclization reaction of tertiary amino-
benzaldehydes 1.106 with primary amines to yield cyclised product 1.107 (Scheme 14, eq.
45).5" In 2010, Kim and co-workers successfully developed asymmetric organo-catalytic
reaction of amine 1.108 in presence of camphorsulphonic acid to furnish the enantio-
enriched product 1.110 (Scheme 14, eq. 46).%8
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Scheme 14: Amine functionalization involving tert-amino effect

An acid-catalyzed redox-neutral annulation of 1.111 through [1,5]-hydride shift/ring-closure
sequence leading to the formation of azepinoindole 1.112 was reported by Seidel and co-
workers in 2011 (Scheme 14, eq. 47).5° Akiyama group achieved Yb(OTf)s-catalyzed [1,4]-
hydride shift/cyclization of 1.113, producing aminoindane 1.115 (Scheme 14, eq. 48).5° The

same group also reported C(sp®)—H bond functionalization of amine 1.116 (Scheme 14, eq.

16



Introduction

49). Bicyclo[3.2.2]nonane skeleton 1.118 was formed via a [1,6]- and [1,5]-hydride shift
sequence and sequential [1,4]- and [1,5]-hydride shift led to construction of a linear
tricyclic skeleton 1.120 (Scheme 14, eq. 50).%*

1.9.2 Via azomethine ylide intermediates

Azomethine ylides are versatile precursor for many organic transformations. Once
generated, it can undergo [3+2] cycloaddition. The ylide can also be protonated to result
iminium ion which can undergo reaction with a nucleophile.®> Azomethine ylides are
commonly prepared via either deprotonative pathway, through the ring-opening of a neutral

species or decarboxylative pathway.

Deprotonative
Huisgen, 1963

dimethyl
NO, EtsN y NO, fumarate O 51)
N N — N O NO,
o @ ©
Br o
1.121 1122 MeOC  ‘co,Me 1.123
Ring-opening
Huisgen, 1966
PMP
PMP S PMP dimethyl N
N 140°C He N.__CO,Me HoN_ _H |fumarate MeO,C CO,Me (52)
H%\Cone ®> — N
MeO,C H MeO,C H MeO,C CO,Me MeO,C CO,Me
1.124 1.125 1.126 949, 1.127
Decarboxyiative
Rizzi, 1970
M
Me. benzaldehyde e\N/>: -CO, Me\(ﬁ/@ benzaldehyde Me\N/>7
"N "COOH ——— o J — )\ Ph (53)
H -H,0 ph~ O Ph PP
1.128 1.129 1.130 2% 4 131

Scheme 15: Azomethine ylide in amine functionalization

A deprotonative way was illustrated by Huisgen and co-workers involving deprotonation of
an iminium ion 1.121.%3 (Scheme 15, eq. 51). The resulting ylide 1.122 was then reacted
with dimethyl fumarate to furnish the product 1.123. The same group also applied ring-
opening pathway to generate ylide 1.125, which was further reacted with dimethyl fumarate
to provide functionalized amine 1.127 (Scheme 15, eq. 52).°* Rizzi and co-workers
described formation of ylide 1.130 through decarboxylative pathway. First, amino acid
1.128 condensed with an aldehyde or ketone to form an oxazolidone intermediate 1.129
which was decarboxylated under heating condition forming the desired azomethine ylide

1.130. The ylide 1.130 was reacted further with benzaldehyde to provide the product 1.131
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(Scheme 15, eq. 53).%° As natural a-amino acids are easily available, this pathway can be a
useful method for azomethine ylide generation. Recently, there have been a number of new
reports on redox-neutral annulations which proceed through azomethine ylide

intermediates.®®

Thermal condendsation reaction also serves as an attracting method for construction of
highly functionalized molecular structures through the intramolecular a-functionalization of
tertiary amines. Azomethine ylide was formed via thermal condensation-deprotonation
sequence. The regio-isomeric ylide was protonated to provide iminium ion which
subsequently reacted with nucleophile intra or intermolecularly producing a-functionalized
amine. For example, Seidel and co-workers have applied thermal reaction of o-
aminobenzaldehydes 1.132 with amines to yield ring-fused aminals 1.133 (Scheme 16, eq.
54).5" Direct intermolecular a-C—H arylation of pyrrolidine has been reported by Jana group
under metal and oxidant free condition (Scheme 16, eq. 55).%

Seidel, 2008 Jana, 2014
HO
benzene R
CHO BN OH
D EtOH, reflux ©\/\/I‘\l:> - r @/ D reflux D_@
* Jo* 55
NH N N e /\R N 9-fluorenone N / \ (59)
2 H H H oo )
1.135 -
1.132 1.133 1.134 1.136

Scheme 16: Thermal condensation reactions for amine functionalization.

Different ways of amine functionalization have its own potentiality for the conversion of
amine to its functionalized derivative. In concern to the ecological viability, which requires
the consideration of atom efficiency as well as less involvement of toxic materials,
methods developed have some limitations. As for example, the deprotonation methods do
not involve ambient conditions. Moreover, the commercial unavailability and long synthetic
route to achieve (-)-sparteine makes it difficult to access other enantiomer of functionalized
product via these reactions. The a-aminocarbanions generated with chiral amine ligands are
configurationally unstable at temperatures above -50 °C and unactivated electrophiles are
very hard to react at such temperatures. Furthermore, stereoselective o-lithiation of
piperidine and piperazine derivatives were remain unsuccessful. Reactions involving
carbon—hydrogen (C-H) bond oxidation require use of super-stoichiometric amount of
oxidants which significantly limits the scope of the reaction. Undoubtly photo-induced
methods are a break-through in the field of amine functionalization. But uses of
sophisticated valuable transition metal catalyst reduces its practical utility. Anodic oxidation
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method was successful only for pyrrolidine derivatives, but remain ineffective for six,
seven, eight membered amines, such as piperidine, piperizine and morpholine. Redox-
neutral ways are attracting method for the construction of a desired functionalized product.
Sometimes addition of Lewis/Bronsted acid or base enhances the reaction rate but require
higher temperature to reach the goal. Importantly, pyrrolidine or tetrahydroisoguinoline
were employed as only substrates to show the efficiency of this method and other secondary
amines (piperidine, acyclic amine) provided poor/no yield. Therefore, development of
methodology for direct functionalization of aliphatic amines that can be applied for broad
class of aliphatic amines under ecologically viable condition would be an important

contribution to field.
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Diastereoselective a-C-H Oxygenation of Aliphatic Amines: A General Route to Oxazines

2.1 Introduction

Functionalized aliphatic N-heterocycles and a-substituted acyclic secondary amines are
widespread key structural motif of many bioactive natural products and different medicinal
drugs. Moreover, diversely a-substituted cyclic or acyclic secondary amines are of particular
interest in organic synthesis due to their ability to act as the chiral scaffolds in various
asymmetric transformations.? Some a—functionalized chiral secondary amines which are

frequently used in various asymmetric organic transformation are shown in figure 1.
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Figure 1: Frequently used chiral a-functionalized N-heterocycles

The oxazine moiety are also effective functionality in the field of medicinal chemistry. The
oxazines exhibit a wide range of pharmacological activities including antibacterial,®

fungicidal,* antitumor,® and antituberculosis (Figure 2).
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Figure 2: Oxazines in the field of pharmaceutical and material chemistry

A large number of natural products and synthetic intermediates consist of N,0-acetal moiety.’
Study revealed that benzoxazine acts as nonsteroidal progesterone receptor agonists, as
antibacterial agents and as reverse transcriptase inhibitor for human immuno-deficiency virus
(HIV).2 For example, benzo[e][1,3]oxazine such as PD 102 807 (Figure 2) has been
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identified as a potent and selective inhibitors of the m4 muscarinic receptor.® The oxazine
based compounds also play a significant role in neurodegenerative diseases such as
Alzheimer's disease, Parkinson's disease and Huntington's disease.'® Polybenzoxazines,
obtained from the thermally activated ring-opening polymerization of 1,3-benzoxazine
monomers, are a novel class of thermosetting phenolic resins possessing unusual set of
competitive material properties.!!

Large number of synthetic strategies have been reported in literature for direct a-C-H
functionalization of aliphatic amines. Nucleophilic addition to the iminium ion is one of the
widely used method for the formation of C-C bond. The iminium ions are usually formed
from a secondary amine and a carbonyl compound. Oxazolidine/oxazine also considered as a
masked equivalent of an iminium ion. This property of oxazolidine/oxazine has been
successfully utilized for the synthesis of a variety of naturally occurring and synthetic
pyrrolidine and piperidine derivative.'? For example, oxazole 2.1 and oxazine 2.4 were
utilised for the formation of a—functionalized piperidine. Cleavage of C-O bond produces
iminium ion 2.2 and 2.5 which can be subsequently trapped by any nucleophile. Availability
of wide range of nucleophile makes this strategy very versatile for functionalization of
amines. Again the debenzylation is also easily achievable to get the corresponding o-
functionalized secondary amine 2.3 and 2.6 (Scheme 1, eg. 1 and eq. 2).** The additional
advantage of the use of oxazole 2.1 and oxazine 2.4 comes from the presence of chiral center
which induces the chirality during the formation of new stereogenic center.

2.1 2.2 23 2.6

Scheme 1: Use of oxazole and oxazine as masked iminium ion

Ring-fused oxazoles and oxazines can be used as intermediates in the synthesis of N-
substituted aminoalcohols, bioactive natural products and chiral catalysts.}* For example, Hu
and co-workers reported synthesis of functionalized product 2.8 by reacting oxazine 2.7 with
Grignard reagent (R*MgBr) in diethyl ether at 0 °C (Scheme 2, eq. 3).1%° Grierson reported an
efficient method for the preparation of indolizidine alkaloids 2.12 and 2.13 by utilizing
oxazine 2.11 (Scheme 2, eq. 4).2°
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Scheme 2: Synthetic use of oxazines
The following templates are often used for the construction of piperidine alkaloids (Figure
3).16
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Figure 3: Oxazines for the construction of functionalized piperidines

2.2 Known methods for oxazine syntheses

Ring-fused oxazoles and oxazines are versatile precursor for the synthesis of a-
functionalized cyclic amines and this protocol was applied efficiently for the syntheses of
various natural products. Therefore, several methods have been reported so far for the
synthesis oxazines.!” Mainly N-cycloalkylation strategy was employed for the synthesis of
ring-fused oxazine. In this strategy, the amino-hydroxy compounds can be N-cycloalkylated
using dihalide or dialdehyde in the presence of variety of bases and reducing agent,
respectively.'® This strategy was utilized for the synthesis of various six and seven membered
N-heterocycles.*® In 2002, Hu and co-workers utilised the cycloalkylaton strategy to prepare
oxazine 2.15 from amino naphthol 2.14 by treating with pentane -1,5-dial in the presence of
NaBH3CN in an aqueous buffer solution (Na2HPO4-KH2PO4) over 12 days (Scheme 3, eq.
5). The reaction time can be shortened considerably by increasing the ratio of EtOH in the
reaction solvent.*® A number of bicyclic oxazolidine 2.18-2.26 were obtained from chiral N-
alkenylamino alcohols 2.16 via transient cyclic iminium intermediates that underwent an
intramolecular cyclization (Scheme 3, eq. 6 and 7). The oxazolidine 2.28 was successfully

utilised to yield (+/-) coniceine 2.29 (Scheme 3, eq. 8).16
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Hu, 2002
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Scheme 3: Ring-fused oxazine through cycloalkylation

Direct functionalization of N-heterocycles is advantageous in contrast to the multistep N-

cycloalkylation strategy. Along this line, in 1979, Cohen and co-workers discovered that 2-

hydroxy-6-methylacetophenones 2.30 could condense decarboxylatively with proline to form

benzoxazine 2.31 via an azomethine intermediate (Scheme 4, eq. 9).%°

Cohen, 1979
Me OH
DMF, heat

2.30
Maulide, 2012

N~ H Qo

CHO  Sc(OTf)3 (10 mol%)
2.32 233

MeMgCl

Me (6]

@) (10)

Scheme 4: Ring fused oxazine via direct functionalization
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The direct a-functionalization of pyrrolidine to acetal 2.33 has been described by Maulide
and co-workers (Scheme 4, eq. 10).2! These intermediate N,O-acetals were then exposed to
Grignard reagents to produce a-alkylated and a-arylated amines 2.34. Several other methods
were used for the synthesis of oxazine. In 1966 Warrener and co-workers synthesized 6-
methyl-1,3-oxazine 2.36 from N-Acetyacetyl urethane 2.35 reacting with concentrated

sulphuric acid in room temperature for 24 h (Scheme 5, eq. 11).%

Warrener, 1966 Hortmann, 1988
HO 2Clo, o
)(J)\/l(J)\ j)\ rt, conc. H,SO, (\( (1) G J , OJ (12)
N —— N
N o™ Ny O L, pH 9-11
2.35 2.36
Shi, 2010

Ary_NH,

H
1 H H
Ary N Ar, L NE
OH Y AT R AT A
2 41 242

2.39
Br. Br % s
Br | Br
O KT o8
BN = N\(,\\
O

o '
oH  * g M oo, TCaMg
(S THF, reflux
2.44 2.45 2.46

. 2 H,0, 25°C
2.48 x OH,Y=H B
2.50 2.51 0 (16)
RNH2 "RNH,, HCHO OO
H,O, 25°C R' 2.53

Scheme 5: Other methods for oxazine formation

Ozturkcan, 2011 Mathew, 2012 X=H,Y=O0H (15)
/ CoHeNH,, HCHO OO
OH o NH3/MeOH gHsNH>, R! 252
. S OO

In 1988, Hortmann and co-workers described an unique method for the synthesis of
tetrahydro [1,3]-oxazine 2.38 from tertiary amino alcohols 2.37 in the presence of CIO. in
basic media (Scheme 5, eq. 12).% This methodology was successful only for five and six
membered cyclic amines. In 2010, Shi and co-workers selectively synthesized a series of new
naphtho[1,2-e][1,3]oxazine derivative 2.46 via a chemo-selective reaction of 1,3-diaryl-2,3-
dihydro-1H-naphtho[1,2-e][1,3]oxazine 2.41 (Scheme 5, eq. 13).2* In 2011, a Mannich-type
aminoalkylation reaction of 2-naphthol with various aldehydes was applied by Ozturkcan
and co-workers for the synthesis of 1,3-disubstituted-2,3-dihydro-1H-naphthoxazine 2.50
(Scheme 5, eq. 14).%° In 2012, Mathew and co-workers reported synthetic strategy for the
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construction of a series of 3,4-dihydro-2H-benzo[e][1,3]oxazines 2.52 and 2.53 by using
condensation of 2-naphthol, primary amine and aldehyde (Scheme 5, eq. 15 and 16). They
also showed that the synthesized compounds are active against microorganism.

The majority of the ring fused oxazines known in the literature were synthesized from the
cycloalkylation of 1,3-aminoalcohols with dialdehydes/dihalide that limits the versatility and
thus applicability of the method. Moreover, reported methods are well applicable to certain
type of substrate and remain ineffective to others. The difficulty to remove N-substituent,
which is essential for functionalization has been added as an additional problem for the

method to be considered for its practical application.

2.3 Aim of this work

The aim of this work is to address the challenges of direct C-H functionalizaton of
unreactive cyclic and acyclic amines. The plan was to develop a very general route to access
a broad class of oxazines derived from very easily available and versatile starting material
and expand the scope of their use in the synthesis of the functionalized saturated amines.
During literature studies, it was found that ring-fused aminal 2.58 was obtained from the
corresponding amino-aldehyde derivative 2.54 when reacted with various secondary amine.?
It was proposed that quinoidal intermediate 2.56 formed from iminium intermediate 2.55
undergo a [1,6]-hydrogen transfer to form dipolar intermediate 2.57, which ultimately
provided final product 2.58 (Scheme 6, eq. 17).’

CHO N " 1,6]-H-
@1 @CD = QLD B @CQ C
2.5 2.5 2.56 258

Scheme 6: Formation of ring fused aminal

Similarly, it was anticipated that the reaction of salicylaldehyde 2.59 and pyrrolidine could

provide corresponding benzoxazine 2.60. Unfortunately, all the attempts were unsuccessful.

D+é( &H qu @Qm&

.61

Scheme 7: Assumption for oxazine formation
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2.4 Results

Then alternative ways were searched to form desired oxazine 2.60. It was realized that the
target oxazine 2.60 can be obtained from the corresponding zwiterionic intermediate 2.61. In
this regard, it was envisioned that the [1,6]-hydrogen (alpha to nitrogen) shift in the o-quinone
methide 2.62 will yield to the desired intermediate 2.61 (Scheme 7, eq. 18). Related hydrogen
transfer reaction is known in the literature.?® The desired o-quinone methide can be prepared
from the starting phenol 2.63 which can be easily obtained from the Mannich type reaction.
Therefore, 2-hydroxybenzylamine was reacted with silver oxide under various conditions.
However, the desired oxazine 2.60 was not formed. Interestingly, the Betti base 2.64 on
reaction with silver oxide in xylene at room temperature provided desired oxazine 2.65 with
64% isolated yield (Scheme 8, eq. 19).

NO NQ
OH Ag,0, rt, xylene O (19)

2.64 2.65 64%

Scheme 8: Synthesis of naphthoxazine

2.5 Optimization of reaction condition

Encouraged by the first result, Betti base 2.66 then reacted with Ag2O under the same
condition producing 15% of the desired oxazine 2.67 (eq. 20).

Table 1. Variation of reagents and reaction conditions to obtained the best yields of desired product!®

conditions

CO oo "

2.66 2.67 75%
Entry Oxidant Solvent Temperature Time Yield %
1 Ag20 Toluene RT 24 h 15
2 Ag.0 Toluene 120°C 18 h 40
3 FeCls; Toluene 120°C 18 h trace
4 CAN Acetonitrile 80°C 18 h trace
5 DDQ Toluene 120°C 18 h -
6 I2 Toluene rt or reflux 18 h -
7 Ag.0 m-xylene Reflux 18 h 75
gl AgNO; m-xylene Reflux 18 h 25

[a] Reactions were carried out in distilled solvents with 1.0 mmol of 2.66, 1.2 eq. of oxidant. [b] 2 eq. of
AgNO; was used.
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The yield of the oxazine increased to 40% when the reaction was carried out under reflux
condition in toluene. Ferric chloride, iodine and DDQ in toluene were applied as the oxidant
separately. But trace amount of product was detected for FeCls and iodine. On the other hand,
DDQ resulted a complex mixture. Cerric ammonium nitrate in acetonitrile was also used
producing trace amount of product. Pleasingly, very good yield (75%) of desired oxazine was
achieved with silver oxide as the catalyst in refluxing m-xylene. However, silver nitrate under
the same condition exhibited significantly lower activity to provide 15% of the product
(Table 1).

2.6 Substrate Scope

To investigate the scope of the reaction, variety of diarylmethylamines were readily
prepared by the condensation of 2-naphthol, aromatic aldehydes and amines in benzene under

reflux condition (Scheme 8, eq. 21).

CHO N ) O @
X e .
| e + (Rﬂ J benzene, reflux 1)
“R N 16 hr ‘ ‘ OH
H
1.2 eq. 1eq. 1.2 eq.

n=0,1,23 2.66a-r
H3CO al F
SV ROYs O O D
OO O o oo™ O N s
Br
2.66a 60% 2.66b 60% 2.66¢ 75% 2.66d 85% 2.66e 81% 2.66f 52%
OH
D N O O
O SO N oSN O OO
2.66g 96% 2.66h 69% 2.66i 99% 2.66j 93% 2.66k 91% 2.661 90%
¢ " O
O @ O Q O N~ O N.__ Ph O N NO
2.66m 35% 2.66n 18% 2.660 30% 2.66p 50% 2.66q 85% 2.66r 71%

Scheme 8: Preparation of Betti bases
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Electron deficient aryl aldehyde gave higher yield compared to electro-neutral or electron
rich aryl aldehydes. Lower yields were also obtained for seven, eight membered amine and
acyclic secondary amine. Betti bases derived from various amines were reacted with silver
oxide under optimized condition to obtain the corresponding oxazines (Scheme 9, eq. 22). It
was found that the substrates 2.66a-b derived from electron rich aromatic aldehydes provided
relatively lower yield in comparison to the substrates 2.66¢-d that are derived from either
electro-neutral or electron deficient aldehyde (Scheme 9, eq. 22). In this series, Betti base
2.66d resulted from pyrrolidine and m-nitro benzaldehyde gave corresponding naphthoxazine
2.67d with highest yield (82%). Substituted 2-naphthol derivative 2.66f also satisfactorily
gave corresponding oxazine 2.67f with good yield (59%). Among two hydroxy groups
present at ortho-position of two different aromatic ring in the starting material 2.66g, hydroxy
group of naphthalene was reacted exclusively to give the oxazine 2.67g. Six member saturated
heterocyclic amines are less reactive towards the direct a-functionalization.?! Accordingly,
naphthoxazine 2.67h was obtained via functionalization of piperidine derivative with little
lower yield (66%). The yield of morpholine based oxazine 2.67j was further reduced. The
oxazine 2.67j was isolated in 45% vyield along with the 26% of unreacted starting material
2.66j. The increased yields of corresponding oxazines 2.67i (89%) and 2.67k (55%) were
obtained by employing the corresponding substrates derived from the electron deficient 3-
nitro benzaldehyde. In the same way, functionalization of N-methyl piperizine proceeded with
similar efficiency to provide 58% of the desired product 2.671. Alpha C-H aryloxylation of
higher membered aliphatic N-heterocycles also occurred smoothly. Hexamethyleneamine and
heptamethylene amine based substrates 2.66m and 2.66n provided desired oxazines 2.67m
and 2.67n, respectively with very good yields. Importantly, for all the cases the desired
naphtho-1,3-oxazines were isolated as single diastereoisomer and for most of the compounds
the stereo- configuration was assigned based on their respective X-ray crystal structures.
Substrates 2.660-q derived from the acyclic saturated secondary amines were also
investigated to test the generality of the method. In all cases, very good to excellent yields of
the corresponding oxazines 2.670-r were obtained (Scheme 9, eq. 22). The reaction
temperature of 30 °C was sufficient for diethylamine derivative 2.660 to provide the desired
product 2.670 with 75% yield. On the other hand, dibenzyl amine derivative 2.66p reacted
under the reflux condition to give 95% of the desired product 2.67p. Oxazines 2.670 and
2.67p were also isolated as the single diastereoisomer. However, in presence of methylbenzyl

amine group in 2.66q, two regio-isomeric oxazines 2.67q and 2.67q’ (1:2.5) were formed.
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For the oxazine 2.67r, the diastereoselectivity was decreased drastically when exchanging the
naphthyl moiety with a phenyl group.

R1\ R’I
(T ) (7
A _N._R Ag,0, m-xylene, 140 °C Ar N\SR
o sod -
2.66a-r 2.67a-r

NO,
MeO cl
g : g g
H H H H N H

SOANNCCANNGO NN O

2.67a 55% 2.67b 65% 2.67c 70% 2.67d 82% 2.67e 65%
NO,
H
F O O o
'Q 'Q N " N
H H H H H
Iy oy oot OO Cry”
Br
2.67f 59% 2.67g 78% 2.67h 66% 2.67i 84% 2.67j 45%
NO, NO,
Vi
(o N N
N % N% N N No
H H H H '
Cr Cor OGO I :
2.67k 55% 2.671 58% 2.67m 78% 2.67n 72% 2.670 75%
Ph

N\

Ph | O
r O N__Ph
o A Y’ Y
of O I "
2.67p 95% 2.67q 76% (1:2.5) 2679 2.67r 56%, (1:3)

Scheme 9: Functionalization of various secondary amines

2.7 Crystal structures of oxazines

The relative configuration of the oxazine was confirmed by X-ray crystallographic

analysis. The structures of compounds have been shown below (Table 2).
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Table 2: Selected oxazines and their X-ray crystal structures

Compound Crystal structure Compound Crystal structure

MeO
CJ Q
H
SOf

2.67a

Based on the experimental outcome and the literature precedence a probable mechanistic
explanation for this unprecedented transformation has been suggested. Ag-O is well studied
and extensively used reagent to generate o-quinone methide.?® Therefore, Betti base 2.68 on
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treatment with Ag.O furnished o-quinone methide 2.69. Quinonic oxygen is good H-
acceptor®® and alpha-hydrogen of tertiary amines is known to intramolecularly migrate to
suitably positioned acceptor (tert-amino effect).3! Therefore [1,6]-hydrogen shift lead to
produce zwitterionic intermediate 2.70.>> Protonation of 2.70 and subsequent
diastereoselective cyclization of the resulting iminium ion 2.71 gave rise to trans (relative to
C-Arand C-O-) oxazine 2.72 (Scheme 10, eq. 23). Alternatively, 2.71 can also be formed via
mesomerization of quinone methide 2.69 followed by a proton transfer (Scheme 10, eq. 24).
In a related study, Flop and co-workers showed that trans-oxazines are thermodynamically
more stable as compared to cis-isomer. 3 Cyclization occurred in a way to selectively position
the aryl group at the convex face of the molecule and thus to minimize the steric repulsion
with R- and the naphthyl moiety. This was further supported from the observation of lower
selectivity in case of oxazine 2.67 when naphthyl was replaced by a phenyl group. The
electron-withdrawing group on Ar- and electron donating nature of R- will stabilize the
zwiterionic intermediate 2.70. Thus better yields for the substrates (2.67d & 2.67p) with nitro
group on Ar- and Ph- as R- are supportive for 2.70. Expected lower yield for morpholine
derivative is due to the reduced stability of zwiterionic intermediate 2.70 because of the

negative inductive effect of ring oxygen atom (Scheme 10, eq. 23).

R!
(o !
Ar<_ ILIQ/R rll\ R
1, 61+ H
OH "~~~ OH (23)
transfer OO diastereoselective
2.68 2.69 2.70 2.71 272

cyclization

mesomerization T
R! R!
(o (e
Ar /l:l\/R Ar<_ I:IQ/R
o H* OH
OO abstraction OO (24)
2.73 2.74

Scheme 10: Proposed mechanism
2.8 One pot synthesis of oxazine

To explore the possibility of coupling C-H functionalization process with three components
Betti reaction, a mixture of aldehyde, s-naphthol and amine to be functionalized was allowed
to react at 80 °C in xylene prior to the addition of Ag.0O into the same reaction mixture.

Expected five member naphthoxazine 2.67d gave higher yield (57%) as compare to six
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membered oxazine 2.67i (48%) (Scheme 11, eq. 25 and 26).

CHO O
D OH  1a. m-xylene, 100°C, 18 hr N
+ H
H NO, 1b. Ag,0, 140 °C, 24 hr OO

2.67d, 57%

NO,

CHO
OH  1a. m-xylene, 100°C, 18 hr N
O " ' on (26)
N NO;, 1b. Ag,0, 140 °C, 24 hr OO

2.67i, 48%

Scheme 11: One pot syntheses of oxazines

2.9 Synthetic application

Substituted morpholine derivative is an important structural unit of biologically active
molecules. Moreover, it is used as chiral reagent for asymmetric synthesis.3*3* Considering

oxazine as masked iminium ion,%®

oxazine 2.67] was reacted with phenyl magnesium
bromide. The hydroxy naphthyl group was subsequently removed by aq. NaOH-MeOH in
THF to give a-functionalized amine 2.75 with 61% yield (Scheme 12, eq. 27). However,
reported method for the synthesis of a-phenyl morpholine involved multistep synthetic

strategy starting from phenyl alanine (Scheme 12, eq. 28).%

o}
v
o H 1) PhMgBr, THF, 0 °C - rt ©
(27)
2) aq. NaOH,MeOH/THF N

2.67j 60 °C

2.75 61%

tops H\/@
= % V1§ N
HzN)Y OF T ™ (28)
O o

2.76 277

Scheme 12: Synthesis of a-phenyl morpholine.

At the same time, similar work was published by Maycock and co-workers for the
synthesis of dihydro-1,3-oxazines through Cu*?-mediated C-O bond formation.3 Recently,
Hajra group developed a method for redox-neutral [3+2]-cycloadditions using pyrrolidine and

benzaldehyde to form the oxazole.*®
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2.10 Summary

In summary, an unprecedented, operationally simple, versatile and diastereoselective
protocol has been developed to access synthetically as well as biologically important oxazines
via a-C-H aryloxylation of aliphatic amines. The methodology is very general and thus
worked well for wide range of saturated aliphatic amine based substrates, some of them were
otherwise difficult to functionalize. Additionally, its synthetic potential is exemplified by a
straightforward and elegant synthesis of 3-phenylmorpholine. Therefore, it was believed that
the synthetic methodology presented has the promising ability to be utilized widely as the

general and practical approach to functionalize aliphatic amines.
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Iterative C(sp®)-H Functionalization for the syntheses of Difunctionalized Secondary Aliphatic Amines

3.1 Introduction

Disubstituted pyrrolidines and piperidines occur ubiquitously in many natural products,
biologically active compounds, and in functional materials.* The pyrrolidine ring represents
one of the most ubiquitous heterocyclic motifs found in naturally occurring compounds. In
1970's first pyrrolidinic alkaloids were found in the Solenopsis ants venom.? 2,5-dialkylated
pyrrolidines extracted from venemous ants and frogs® have shown insecticidal*® hemolytic
and anticholinergic activities.® Polyhydroxypyrrolidines often found in Campanulaceae and
Fabaceae families, which are structurally related to monosaccharides and named as
“azasugars", have shown very potent activity as enzymes inhibitors.” It is worthy of note
that besides the use of these compounds as chemotherapeutic agents, the 2,5-disubstituted
chiral pyrrolidines possessing a C,-symmetry may be used as very powerful catalysts in

asymmetric reactions.

(+)-Preussin (-)-Codonopsinine (-)-Pinidinone (-)-Andrachcinidine

OH
\quQ'Rz
n-CqqHz3 H Ry ‘ L
n-CoHyg" N

R4 =Me, R, = H: (-)-Solenopsine A Me

Ry =H, Ry = Me: (-)-Isosolenopsine A (+)241D Precoccineliine )-Porantheridine

CsHy+ N C5H11 N N
& 0
o

-)-2-epi-porantheridine )-Calvine )-2-Epicalvine 275A //

)7

Ay Cm© O Y?@

Lobeline Lobelane GZ-793A

Figure 1: Examples of bioactive di-functionalized alkaloids

Difunctionalized piperidine unit is also present in a major class of natural products.
Among them lobelane and its analogues, which are 2,6-difunctionalized piperidine are
important in the field of neuroscience (Fig. 1).® Lobeline, a lipophilic alkaloidal constituent
of Indian tobacco (Lobelia inflata), has been reported to have many nicotine-like effects.
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The reports from Crooks and co-workers group revealed that lobelane, exhibited low
affinity for nicotinic receptors and enhanced affinity and selectivity for VMAT2 compared
to its parent compound Lobeline.>*°

Several reports appeared in the literature on the stereo-selective syntheses of 2,5-
disubstituted pyrrolidines due to their interesting biological profile. Moreover, due to low
natural abundance very few studies on their biological activity and mechanism of action
have been performed. However, synthesis of 2,6-disubstituted piperidine,*! 2,7-disubstituted
azetidine®® derivatives are very rare. Direct functionalization of these heterocyclic ring is
usually difficult due to their inherent low reactivity. Therefore, general method for the
direct difunctionalization that works for a wide range of aliphatic amines would be
advantageous.
3.2 Multistep syntheses of di-functionalization of N-heterocycles

Several synthetic strategies were developed for the synthesis of di-functionalized N-
heterocycles due to their interesting bioactivities. Mainly multistep synthetic sequence was
utilized for the formation of N-heterocycles having desired functionality. In 1994, Shibuya
and co-workers developed a method for the synthesis of trans-5-substituted 2-
hydroxymethylpyrrolidine derivative.'® The acetonide 3.1 obtained from (S)-malic acid, was
converted to difunctionalized pyrrolidine 3.2 via eight linear synthetic steps (Scheme 1a,
eq. 1). In 2003, synthesis of 2,6-disubstituted piperidines bearing a-amino acid side-chain
was developed by Fehrentz and co-workers .** Synthesis involved a Horner-Wadsworth-
Emmons condensation and N-cycloalkylation as the key steps (Scheme 1a, eq. 2). In 2004,
Yamada and co-workers reported a sodium borohydride reduction of various diketones to
obtain the corresponding optically pure diols, which were efficiently transformed into the
optically pure C,-symmetrical 2,5-difunctionalized pyrrolidine derivative'® (Scheme 1a, eq.
3). In 2005, Kerr and co-workers, reacted aldimines, generated in situ from aldehydes 3.10
and primary amines 3.11, with various 1,1-cyclopropanediesters 3.12 in the presence of
catalytic Yb(OTf)s to furnish polysubstituted pyrrolidine 3.13 (Scheme 1a, eq. 4).*° In
2006, Takasu and co-workers developed an imino Diels—Alder reaction of 2-siloxydienes
3.14 with aldimines 3.15 catalyzed by triflic imide leading to form substituted piperidin-4-
ones 3.16 and 3.17 (Scheme 1a, eq. 5).*" Lewis acid promoted [3 + 2]-annulation of amino
aldehydes 3.18 and silanes 3.19 provided a route for the construction of densely
functionalized pyrrolidines 3.20 (Scheme 1a, eq. 6).'® 2,6-diallylpiperidine derivative 3.24
was prepared by Takahata and co-workers by the double assymmetric allylboronation of
glutraldehyde followed by an aminocyclization (Scheme 1a, eq. 7).* In 2007, Fustero
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reported a cross metathesis intramolecular aza-Michael tandem reaction catalyzed by a
Hoveyda-Grubbs second generation catalyst 3.27 in presence of BFs-OEt, allowing rapid
access to protected 2,5-substituted pyrrolidine and 2-substituted piperidine 3.28 (Scheme
1a, eq. 8).%°
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Scheme 1a: Syntheses of di-substituted N-heterocycles
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Scheme 1b: Syntheses of di-substituted N-heterocycles

In 2008, racemic syntheses of the ladybird beetle alkaloid calvine 3.32 and epicalvine 3.33,
over four steps starting from hexanal 3.29 and pentenyl bromide 3.30, was demonstrated by
Szolcsanyi and co-workers (Scheme 1b, eg. 9).** The intramolecular Pd(l1)-catalysed
carbonylation of aminoalkenitol was used as a key step in the synthesis. In 2008, Davies
and his group reported a method for the preparation of difunctionalized pyrrolidine unit 3.37
starting from (+)-3-oxo pyrrolidine 2-phosphonate 3.35 which was prepared in six steps
from sulfinimine 3.34 (Scheme 1b, eq. 10).?* This methodology was employed in the
asymmetric synthesis of the potent antifungal agent (+)-preussin and its trans analogue. In
2010, the synthesis of naturally occurring piperidine alkaloid (-)-pinidinone 3.41 was
achieved by Szolcsanyi and his research group using PdCI,/CuCl,-catalysed intramolecular
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methoxyaminocarbonylation of N-benzyl protected alkenyl amine 3.40 (Scheme 1b, eq.
11).% Total synthesis of the 2,6-disubstituted piperidine alkaloid (-)-andrachcinidine 3.46
was reported by Radha Krishna and co-workers using Keck’s asymmetric allylation,
Sharpless epoxidation, nucleophilic substitution, and intramolecular aza- Michael addition
as the key steps (Scheme 1b, eq. 12).2* Enantioselective synthesis of cis-2,5-disubstituted
pyrrolidine 3.50 has been reported by Xu and co-workers employing enzymatic DKR
during reduction of racemic substrate (Scheme 1b, eq. 13).°

3.3 Syntheses using pre-functionalized N-Heterocycles

In 2006, Moloney and co-workers reported synthesis of 2,5-disubstituted pyrrolidine
derivative 3.53 by reduction of enamines 3.52 derived from 3.51 (Scheme 2, eq. 14).°
Compain and co-workers synthesized di-substituted piperidine 3.56 from 2-
sulfamoyloxymethyl piperidine derivative 3.54 (Scheme 2, eq. 15).%
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Scheme 2: Indirect syntheses of di-substituted N-heterocycles

Indirect way for the preparation of disubstituted piperidine from corresponding pyridine
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derivative was published by Crooks and co-workers.”® N-methylation of 2,6-
biphenylpyridine 3.57 and reduction of the resulting quaternary ammonium salt 3.58 with
NaBH, followed by catalytic hydrogenation over Pd-C vyielded bifunctionalized 3.59
(Scheme 2, eq. 16). 2,6-disubstituted pyridine 3.61 and 3.64 were utilised for the synthesis
of 3.62 and 3.65 respectively, by catalytic hydrogenation over Adams catalyst (PtO,) at high
pressure of hydrogen (Scheme 2, eg. 17 and eq. 18).

3.4 Difunctionalization through oxazine and oxazole

The ring fused oxazines and oxazoles moiety are excellent precursor for the preparation
of di-functionalized N-heterocycles. In 2005, using this strategy, dialkylation of piperidine
was achieved by Hu and co-workers. The synthesis of alkaloidal natural product (2S,6R)-
dihydropinidine (as hydrochloride) 3.69 was achieved in four steps starting from (S)-Betti
base 3.66 (Scheme 3, eq. 19).%°
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Scheme 3: Syntheses of di-substituted N-heterocycles using oxazines and oxazoles

48



Iterative C(sp®)-H Functionalization for the syntheses of Difunctionalized Secondary Aliphatic Amines

A very similar strategy has been reported by Crook and co-workers for the
difunctionalization of pyrrolidine starting from L-phenylglycinol and succinaldehyde to
afford the key synthon 3.70 Addition of a 6-fold excess of phenethylmagnesium chloride to
synthon 3.70 at room temperature led to the formation of 2:1 mixture of the cis- and trans-
configured diastereomers of 3.72 and 3.73. The diastereomers, 3.72 and 3.73, were
hydrogenolyzed separately by catalytic-transfer hydrogenation in the presence of
ammonium formate in refluxing methanol to get the difunctionalized pyrrolidine 3.74 and
3.75 as hydrochloride salt (Scheme 3, eq. 20).% In 2011, Hu co-workers also reported a
method for the difunctionalization of pyrrolidine which was further utilized to construct the
alkaloid Cocaine 3.78 and Ferruginine 3.79 (Scheme 3, eq. 21).*! By using o-benzoquinone
3.80 as an internal oxidant, the regio- and diastereoselective direct functionalization of the
pyrrolidine was reported by Qu and co-workers to obtain disubstituted pyrrolidines 3.84
(Scheme 3, eq. 22).% This method was only limited for functionalization of pyrrolidine and
by this method a-phenylation was not achieved. Moreover, two difficult N-dearylation steps
were involved to obtain difunctionalized pyrrolidine. To that end, direct C-H oxygenation

strategies which were developed recently***

were planned to apply for the synthesis of
difunctionalized N-heterocycles.
3.5 Design of strategy

It was anticipated that, oxazines 3.87, which were easily prepared either via Ag-mediated
reaction or via redox neutral process, can be reacted with nucleophile to obtain the first C-C
bond formation. The resulting naphthol derivatives 3.88 would be well suited for the next
C-H oxygenation leading to the corresponding ring fused oxazines 3.89. The oxazines can
be reacted further with the nucleophile for the second C-C bond formation. Thus iterative
C-H oxygenation and C-C bond formation would allow easy access to the structurally
diverse N-heterocycles with one or more than one a-substitutents. Moreover, diversely
substituted N-heterocycle containing Betti Bases 3.88 and 3.90 and ring fused oxazines
3.89, which are difficult to access directly from the corresponding substituted amine, can be
obtained in the synthetic sequence. The method would be more viable in the context of step
economy and atom economy as it avoids repetitive removal of N-substituents and its
installation which is required for di-functionalization of N-heterocycles (Scheme 4, eq.
23).%2 Oxazines were prepared following the method described in Chapter 2 and 4. Then the
oxazine 3.87a was treated with different Grignard reagents (RMgBr, R = benzyl-, Ph-,
PhCH,CH,-, isopropyl-, allyl-, vinyl-) to get different mono-functionalized N-heterocycles
(3.88a-¢).
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Scheme 4: Synthetic strategy for the iterative difunctionalization of N-heterocycles
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Betti Bases containing mono-functionalized pyrrolidine were isolated with good to very
good yields (Scheme 5, eq. 24). Similarly, oxazines derived from piperidine 3.87b, azepane
3.87c and morpholine 3.87d were reacted with suitable Grignard reagents to obtain the
desired diarylmethylamine derivatives 3.88f-k with very good to excellent yields (Scheme
5, eq. 24).
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Scheme 5; First C-C bond formation

It was possible to introduce aryl, allyl, branched alkyl and vinyl moieties at the a-position of

N-heterocycles. Seven membered oxazine reacted smoothly with benzylmagnesium chloride
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to produce functionalized amine 3.88k with maximum isolated yield (97%) (Scheme 5, eq.
24). Diarylmethylamines 3.88c-e and 3.88j bearing mono-functionalized N-heterocycles
were isolated as the mixture of diastereomers. However, 3.88a-b, 3.88f-i and 3.88k were
isolated as the single diastereomer. The relative syn- stereochemistry of 3.88b and 3.88f
were confirmed from the single crystal X-ray diffraction analysis (Fig 2). Stereo
configurations of others were assigned in analogy. Grignard reagents probably approached
through the opposite side of aryl moiety (as shown in 3.88a;), avoiding steric interaction to
provide the observed diastereoselectivity (Scheme 5, eq. 24). Relatively bulky Grignard
reagents (e.g. PhMgBr, PhCH,MqgCIl) provided better diastereoselectivity as compared to

vinyl or allylmagnesium bromide.

3.88b

Figure 2: Crystal structure of Betti Bases 3.88b and 3.88f
3.6 Second C-H functionalization

The second C-H oxygenation of Betti base 3.88 was investigated next. The reaction of
3.88a with Ag,0 at 60 °C in xylene provided expected product 3.89a with 78% isolated
yield (Scheme 6, eq. 25). Room temperature was sufficient to provide desired oxazine
3.89b from 3.88b with excellent yield. Oxazines were isolated as mixture of diastereomer.
Very good stereoselectivity was observed for the formation of 3.89a and 3.89c-d. The
relative stereochemistry of major isomer of 3.89c and 3.89d were confirmed from X-ray
crystallography (Fig. 3). The stereochemistry of others was assigned in analogy. The
reduction in vyields of the corresponding cyclised products 3.89d-f were observed for
piperidine based substrate. Azepane derivative 3.89g was also isolated with little less yield
as compared to the pyrrolidine derivative. In the event of second C-O bond formation,
regioisomeric oxazines were formed from aminonaphthol having a-phenyl N-heterocycles

3.89b and 3.89e. Due to the presence of steric repulsion in 3.89a;, conformer 3.89a;
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preferentially underwent [1,6]-H transfer to form less substituted iminium ion 3.89a3
(Scheme 6, eq. 25). Subsequent diastereoselective cyclization of 3.89a; occurred, leading to
trans-substituted N,O-acetal 3.89. However, mixtures of regio-isomers were obtained for
3.89b and 3.89e probably due to isomerization of 3.89a; (if R = Ph) to more stable

carbocation adjacent to the phenyl group.

R

R R R
O D)n Ag,0 ‘ Q)n Ph Q)n Ph D)n Ph D)n
oH —— oH \ \i o OH (25)
COy e O oy — O Q0
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3.89d 69% 3.89f61% 3.899 67%
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Scheme 6: Second C-H oxygenation of aminonaphthols

Figure 3: Crystal structure of oxazines 3.89c and 3.89d
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3.7 Second C-C bond formation

Studies on second C-C bond formation was carried out by employing mono-
functionalized oxazine 3.89 reacting with various Grignard reagents (RMgX, R = vinyl-,
Ph-, benzyl-, PhCH,CH,-). Nucleophilic addition of Grignard reagents to N,O-acetal 3.89
yielded a set of 2,5-difunctionalized products 3.90a-g in good yields (Scheme 7, eq. 26).
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¥ product was isolated from the reaction of 3.90a with 6M NaOH in MeOH-THF mixture
Scheme 7: Isolation of difunctionalized N-heterocycles

N-debenzylation was achieved during the column chromatography to isolate the
corresponding 2,5-disubstituted pyrrolidines with moderate to good yield along with the N-
substituted products. Although, N-substituted products were isolated as an inseparable
mixture of diastereomers, 2,5 disubstituted secondary amines were isolated as single syn-
isomer after removal of N-substituents. For analytical purpose the cleavage of 3.90a was
performed to isolated 3.91a. However, compounds 3.91b-d were isolated during the

alumina column chromatographic separation of the corresponding diarylmethylamines
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3.90b-d. In a similar way, piperidine and azepane based N,O- acetals were also reacted with
the Grignard reagents. Interestingly, the only corresponding difunctionalized piperidine
3.91e and azepane derivative 3.91f were isolated with excellent yield and syn-selectivity.
The relative stereochemistry of 3.91a, 3.91c and 3.91e were confirmed by comparing the
NMR-data of reported compound.’®**3® Relative geometry of other difunctionalized
secondary amines were assigned in analogy (Scheme 7, eg. 26).

In the second C-C bond formation step, the addition of nucleophile favoured to approach
from the less hindered site of 3.90a; where —CHAr; group prefers to remain in the opposite
side of R- to avoid steric interaction (Scheme 8, A).3" The observed diastereoselectivity in
the second nucleophilic addition to piperidine based substrate can be rationalized through an
axial approach of the nucleophile to the half-chair-like conformation of 3.90a; that might
be favoured as compared to its ring flipped isomer 3.90a, having substantial amount of A*?

strain (Scheme 8, B).*

A B
R N
—% “CHAr, RN ¥ 4 R
Nu Y * — CHAr, R —— e _CHAr,
H N Nu i " w R N
- HH R R Nu
A R" = CHAr, Nu
3.90a, 3.90a, 3.90a,

Scheme 8: Plausible approach of nucleophile for syn-selectivity

3.8 Preparation of nor-lobelane and its analogues

This novel iterative difunctionalization strategy was applied for the total synthesis of nor-
lobelane. nor-Lobelane, an analogue of lobelane, is a neuroactive alkaloid isolated from
Lobelia inflata. The successive C-H oxygenation and addition of PhCH,CH,MgBr to the
N,O- acetal 3.87a-c, followed by removal of N-substituent would lead to the nor-lobelane
and and its derivatives 3.91aa-cc. Accordingly, oxazine 3.87b (n = 2) was reacted with
phenethylmagnesium chloride followed by Ag,O-mediated second C-H oxygenation of
naphthol derivative 3.88b provided 46% of cyclised product 3.89bb. Further, the crude
oxazine treated with phenethylmagnesium chloride to obtained the nor-lobelane 3.91bb
(45%) along with unreacted staring material 3.89bb (48%). The spectroscopic data of
3.91bb was in agreement with the reported values.*® Similarly, this method was also
successful for the synthesis of five and seven membered analogues (3.91aa and 3.91cc) of

nor-lobalane derivatives with very good yields (Scheme 9, eq. 27).
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The complex *H NMR and **C NMR spectra were found for 3.88a-k, 3.88aa-cc and
3.90a-g probably due to restricted rotation of the substituted N-heterocycle moiety and or
restricted inversion of the nitrogen center.”**° The diastereoselectivity of the compounds
were determined by *H NMR.
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B — _— - " R R
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Ty |
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3.88cc 96% 3.89cc 68%
d.r. 1:0.60

Scheme 9: Syntheses of nor-lobalane derivative and its analogues

3.9 Summary

In summary, an efficient and practical method for the synthesis of structurally diverse
syn-2,5 disubstituted N-heterocycles was developed. The two substituents at the a-position
of the N-heterocycles could be varied easily by the choice of appropriate Grignard reagents.
The synthetic potential of this sequential strategy was specifically demonstrated by the
efficient synthesis of the neuroactive natural product nor-lobelane and its derivatives.
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Metal and Oxidant Free Direct C-H Aryloxylation
of N-Heterocycles






Metal and Oxidant Free Direct C-H Aryloxylation of N-Heterocycles

4.1 Introduction

Literature studies presented in Chapter 2 showed that the direct a-functionalization of
C(sp®)-H bond of N-heterocycles has been achieved either using transition metal catalysts
with/without co-oxidants or employing only oxidant. Iminium ion formed in turn reacted with
various nucleophiles providing functionalized amines.! Among the different strategies
developed to accomplish the direct oxygenation of amine a-C—H bonds, mostly oxidant? and
metal mediated reactions were employed with amines or protected amines (carbamates,
amidines, N-aryl amines etc.) to obtain oxazine. Oxazines are important compounds both in
chemistry and biology as described in chapter 2 and 3. Thus, the development of a method

which works well under metal and oxidant free condition is desirable.

4.2 Plan for metal and oxidant free C-H oxygenation

During the studies on silver promoted oxidative cyclization of Betti bases (Chapter 2), it
was observed that the 2-hydroxynaphthalenylmethyl pyrrolidine 4.1 provided the desired
oxazine 4.2 (Scheme 1, eg. 1). On the other hand, corresponding 2-hydroxyphenylmethyl
pyrrolidine 4.3 did not produce expected oxazine 4.4 under the same reaction conditions
(Scheme 1, eq. 2).

' Q
OH Ag,0, m-xylene o
(1)
rt
4.2

41
O 0
OH Ag,0, m-xylene (o)
2)
4.3 rt or reflux 4.4

Scheme 1: Formation of oxazine 4.2

It was anticipated that, in contrast to salicylaldehyde based substrate 4.3, substituents at 5
and 6 position in naphthyl based substrate probably helps to promote the cyclization process.
It was believed that in the silver assisted reaction, iminium ion 4.6 has mediated the
cyclization reaction through zwitter ion 4.7 producing desired oxazine 4.8 (Scheme 2, eqg. 3).
It was thought that the intermediate 4.6 can also be formed from the reaction of simple
carbonyl 4.9 and secondary amine under metal and oxidant free reaction conditions (Scheme

2, eq. 4). Thus, in this way, it would be possible to obtain desired oxazine 4.8 avoiding use
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of metallic reagent and hazardous oxidants.

e e . »
=+ H
OH Ag,0 o OH  diastereoselective O
T — U — 0 =V g e
cyclization

45 4.6 a7 4.8

R = Ar/H ﬂ

+2Z
)

P

Z

4.9

Scheme 2: Hypothesis for metal and oxidant free C-H oxygenation

To test the hypothesis, 2-hydroxy naphthaldehyde was reacted with pyrrolidine under reflux
in benzene. Satisfactorily, the formation of desired compound 4.11 was observed with 8%

yield (Scheme 3, eq. 5).

benzene, reflux
OH + % 5
SO cor ”
4.10 4.1

8%

Scheme 3: Reaction of 2-hydroxy naphthaldehyde with pyrrolidine
4.3 Optimization of reaction condition

Different reaction conditions were screened to increase the yield of the reaction (Table 1).
The same reaction was performed under microwave irradiation using 1 equivalent of 2-
hydroxy naphthaldehyde 4.10 and 2 equivalent of pyrrolidine at 100 °C for 10 minutes to
obtain desired oxazine with 38% isolated yield. Increasing in reaction time to 20 min
enhanced the yield of desired product 4.11 slightly to 42% (entry 3). Molecular sieves and
MgSOs were added to sequester the water released during the condensation reaction but the
yield of the product did not improve. Polar protic solvent ethanol and high reaction
temperature (170 °C) in xylene were also not able to increase the yield. Increasing relative
stoichiometry of starting ketone 4.10 (2.5 equivalent) with respect to amine increased the
isolated yield substantially to 72% of a reaction carried out in toluene at 130 °C under
microwave irradiation. The presence of basic and acidic additives such as KOAc and PTSA,
respectively, lowered the formation of desired compound under the same reaction conditions.
The use of triethylamine did not affect the yield of the product. The best result for the C-H

oxygenation of pyrrolidine was obtained from a reaction of 1.2 equivalent of phenyl 2-
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hydroxynaphthyl ketone 4.10b with 1 equivalent of pyrrolidine in toluene at 130 °C. Like in

silver mediated reaction, the desired oxazine 4.11b was isolated as single diastereocisomer

with 86% yield (entry 14). Increasing the reaction temperature to 145 °C, the yield was further

increased to 96%. The identical reaction under reflux condition provided lower yield (49%).

On the other hand, 2-hydroxybenzophenone 4.10c provided only 43% of the C-H

functionalized product 4.11c. However, the product was isolated as a mixture (1:3) of

diastreoisomers. 2-Hydroxyacetophenone 4.10d and salicylaldehyde 4.10e failed to provide

corresponding functionalized product under the same reaction conditions.

Table 1: Screening of reaction conditions and carbonyl compounds for direct C-H

oxygenation

(0]

4.10a-e

H.__O Ph O

conditions
_

411a,R=H
4.11b, R = Ph

Ph.__O Me.__O H.__O
5/OH 5/OH éOH

S0 S

4.11c

4.10a 4.10b 4.10c 4.10d 4.10e
Entry Carbonyl Solvent Temperature  Time Additives  Isolated yield
compound (eq.) (%)
1 4.10a (0.5) Benzene  Reflux 12 h -- 8
2 4.10a (0.5) Benzene  pw, 100 °C 10 min - 38
3 4.10a (0.5) Benzene  pw, 100 °C 20min - 42
4 4.10a (0.5) Benzene  pw, 100°C 20 min  4AMS 25
5 4.10a (0.5) Benzene  pw, 100°C 20 min  MgSO4 15
6 4.10a (0.3) Ethanol pw, 100 °C 20min - 15
7 4.10a (0.5) Xylene pw, 170 °C 20min  4A MS 40
8 4.10a (2.5) Benzene  pw, 100°C 20 min = -- 65
9 4.10a (2.5) Toluene  pw, 130°C 20min - 72
10 4.10a (2.5) Toluene  pw, 130°C 40 min - 72
11 4.10a (2.5) Toluene  pw,130°C 20 min  KOACc 39
12 4.10a (2.5) Toluene  pw, 130°C 20 min  PTSA 15
13 4.10a (2.5) Toluene  pw, 130°C  20min  EtsN 70
14 4.10b (1.2) Toluene  pw,130°C 20 min - 86
15 4.10b (1.2) Toluene  pw, 145°C 20 min - 96 (4.11b)
16 4.10b (1.2) Toluene reflux 24 h -- 49
17 4.10c (1.2) Toluene  pw, 145°C 20min - 43 (4.11c)
18 4.10d (1.0) Toluene  pw, 145°C 20 min - --
19 4.10e (1.0) Xylene Hw, 130 °C 20min - --
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4.4 Preparation of hydroxy ketone derivatives

To examine the scope of the reaction, various a-hydroxy ketone were prepared according
to literature procedure (Scheme 4).2 Friedel Crafts benzoylation of s-naphthol with benzoic
acid in presence of BF3-Et>O under heating condition gave corresponding naphthophenone
with good yield (4.10a). 4-Methoxy, 4-methyl, 4-hydroxy benzoic acids gave moderate yields
(4.10f-h). 7-Methoxy B-naphthol also provided desired hydroxy ketone derivatives. However,
low yield was observed for 4.10i and 4.10k (Scheme 4, eq. 7).

HO.__O R |
©©/OH 5 BF;.0Et, X P -
R—— = & = F 8 7
! + 3 OH
Z | heatin X
S ¢ Ry
R} =

65%, 4.10aR=R,=H

|
0] HO Cl
O 0 O 0 O o) O 0 O o O o
|
OH OH IlOH OHO!!OH !lOH
Br

4.10f, 44 %, 4.10g, 41%, 4.10h, 40%, 4.10i, 12%, 4.10j, 51%, 4.10k, 23%,

Scheme 4: Preparation of various hydroxy ketones

Various 2-hydroxy naphthyl 1-aryl ketone 4.10a, 4.10f-k were reacted under optimized
condition for the direct a-C-H oxygenation of pyrrolidine. Substituted aryl and napthyl
moiety in hydroxyl ketone 4.10j-k served as good substrates for C-H functionalization of
pyrrolidine (4.11d-e, 4.11g-i). Oxazines were isolated as a single diastereomer with very good
yields. For the case of oxazine 4.11f little less yield (52%) was observed probably because
the less solubility of starting ketone 4.10h in toluene. Other cyclic amines like piperidine,
tetrahydroisoquinoline, azepane and eight membered cyclic secondary amines were also
oxygenated, producing corresponding oxazines (4.11j-m) under this metal and oxidant free
reaction conditions (Scheme 5, eq. 8). Comparatively lower yields for oxazines 4.11n and
4.110 were observed through functionalization of N-methyl piperizine and diethyl amine
respectively. 3,5-Ditertiary butyl salicylaldehyde was also successfully reacted with
piperidine to give the cyclized product 4.11p (Scheme 5, eq. 8). 2-substituted pyrrolidine was
also utilized for the C-H aryloxylation. In this regard, 2-methyl pyrrolidine and 2-hydroxy
naphthaldehyde were reacted under the same condition. The expected mixture of oxazines
4.11q and 4.11qx were isolated as 46% yield with 5:1 regio-selectivity. The same substituted
amine gave the mixture of cyclized products 4.11r and 4.11r1 (4:1) with very good vyield

(82%) when reacted with ketone 4.10a. The mixtures of regio-isomers were formed for both
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the cases with reverse regio-selectivity (Scheme 5). The existence of possible steric hindrance
arising from the presence of a substituent at the benzylic position in 4.11r was probably the
reason for the reverse in regio-selectivity.

R._O !

_Hw, toluene toluene o (8)
U ECEN 00

4.10a
4.10f-k = 4.11d-r
n=0,1,2
MeO
S, Q Q Q
H
o
4.11d, 74% 4.11e,61% 4.11f, 52% 4.11g, 67%
auns LR B U0
H H H
H
j SoN I Oy
OO Br
0,
4.11h, 78% 4.11i, 75% 4.11j, 45% B 5%
® (0 N (LK
N N et
H H H (0]
oo O i (0
4.111, 66% 4.11m, 38% 4.11n, 20% 4.110,21%
(] b 2 Q O b
. O O 1)
Bu Bu
4.11p, 47% 4.11q 4.11q, 411r 4.11r,
%(—/
46% (5:1), 82% (4:1),

Scheme 5: Metal and oxidant free direct C-H aryloxylation of N-heterocycles

4.5 Mechanistic proposal for oxazine formation

During the course of the optimization, we have isolated cyclic oxazine 4.11f (52%) along
with undesired non-cyclic N-benzylated product 4.12 with 14% yield (Scheme 6, eq. 9).
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HO
o LD
tolune/m-xylene (1.5/1)
+
on * )

OH
OO N uw, 145 °C, 40 min OO OO

4.10h 52%, 4.11f 14%, 4.12

©)

Scheme 6: Formation of oxazine and N-benzylated pyrrolidine

It was proposed that first carbonyl compound 4.10 was reacted with secondary amine 4.13
to produce iminium ion 4.14. Iminium ion 4.14 then isomerized to 4.15. The iminium ion
4.15 could either intra-molecularly cyclized to oxazine 4.16 or could be dissociated to
generate quinone methide 4.17. Subsequently quinone methide 4.17 could also react with
cyclic imine 4.18 either by [4+2]-cycloaddition or via 4.15 to give the corresponding oxazine
4.16. In the presence of excess amine 4.13 the quinone methide could produce the N-
benzylated product 4.19 (Scheme 7, eg. 10)

R__O R R__N__R

/+ N~
OO OH "' F<413 'i OH ! i[ OH

uw, toluene 145 °C

4.10 414 4.19 R
( N
1
HN R 10
isomerization ~~ (10)
excess 4.13
R
(R\ (R\ | G
R N R |
H Ry MR O
© OH
e e
R.
4.16 415 |/ )
Ny R 418
T [4+2] or via 4.15 |

Scheme 7. Mechanistic proposal

To better understand the reaction pathway, a reaction of hydroxy ketone 4.10a with
diarylmethylamine 4.20 was performed in toluene at 145 °C under microwave irradiation for
20 min (Scheme 8, eq. 11). Two oxazines 4.11b and 4.21 were isolated. However, on heating
diarylmethylamine 4.20 under the same reaction condition did not yield the cyclic compound
4.21 (Scheme 8, eq. 12). This results of forming cross products suggested dissociation of 4.20
which occurred under the thermal condition producing pyrrolidine and quinone methide 4.22.

Then pyrrolidine reacted with ketone 4.10a to form corresponding iminium ion related to 4.15
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which subsequently dissociated to give quinone methide 4.17 and 1-pyrroline as described in
Scheme 8. 1-pyrroline then partitioned during its subsequent reactions with quinone methides
4.17 and 4.22 to give corresponding oxazines 4.11a and 4.21 respectively. The observation
supported the mechanistic pathway involving o-quinone methide intermediate. During the
preparation of the manuscript, a similar reaction of N-heterocycles was reported by Seidel

and co-workers.*

ii.m Ph d:;} :l.ﬂ d:;}
(11)
OH uw, toluene H H
SO e OO Iy 0
20

NO, NO,
dissociation O O O
{> [;} * | o I o _J I o
o - R )
N
4.22 417 1-pyrroline 4.22

NQ uw, toluene O NQ
H

N

OH o}
® o (I

4.20 4.21

(12)

Scheme 8: Control experiments
4.6 Summary

Either multisteps protocols via N-cycloalkylation or metal and oxidant mediated methods
were commonly used to prepare the ring fused oxazines. A novel microwave assisted metal
and oxidant free alpha oxygenation of secondary aliphatic amines has been developed.® This
methodology was elegant and applicable to various secondary amines. Mechanistic studies

suggested that the reaction proceeded via quinone methide intermediate.
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Synthesis of Conjugated Aldehydes ..... Through Direct f-C(sp®)-H Functionalization of Aliphatic Amines

5.1 Introduction

The g-functionalized aliphatic amines are very important in synthetic organic chemistry as
well as in medicinal chemistry. Various natural and synthetic biologically active molecules
are built on g-functionalized N-heterocycles.® Lanopylin B1 and their derivatives are
examples of natural products having a,f-unsaturated pyrroline unit which acts as human
lanosterol synthase inhibitor (Fig. 1).2 Moreover, a,f-unsaturated imines are of particular
interest because they can participate in different reactions producing various functionalized
amines. Small molecules containing «,f-unsaturated carbonyl groups show versatile
biological activities such as antitumor, anti-inflammatory and antimalarial properties.
Extensive use of «,f-unsaturated aldehydes are found in fragnance and cosmetic industry.
Specially, 2-alkyl substituted cinnamaldehyde derivatives find direct application in perfume
and cosmetic industry. Citral, an o,f unsaturated aldehyde wgich is present in the oils of
several plants, is used as flavouring agent (Fig. 1). Jasminaldehyde, another example of o,
unsaturated aldehyde, is a traditional perfumery product (Fig. 1).*

CH3 N
N OH Z X
C6H
W 16 33)\6 )n o o0
Me

Costa Rica ant venom alkaloid Lanopylin B1 CHs n = 3, Jasminealdehyde Xanthyletin

Citral n = 4, Hexylcinnamadehyde ~ anti-HIV
flavouring agent
and used in
after shaves and body lotions

used in perfume industry

Naturally occuring coumarins Marketed drugs under trade name
b @L
Homo HCO >Qg>fl Nwom O O
Umbelliferone Herniarin S(ta?elm
antioxidant antiinflammatory alimon Phenprocoumon:

Ensaculin: treatment for dementia as oral anticoagulant

Figure 1: Some important imines, unsaturated aldehydes and chromene derivatives.

In addition, they are key intermediates of various biologically important compounds such as
flavanones derivatives.® Syntheses of these compounds, primarily via cross-aldol reaction,
faces several problems due to the undesired reactions such as polyaldolisation,
oligomerisation of the product.®

Benzo-4-pyrones and benzopyran-2-ol, which are also known as chromones (coumarin)
and chromene-2-ol respectively, are important medicinal pharmacophore that appears in

many natural compounds.” It is well known that certain natural and synthetic chromene
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derivatives exhibit several biological activities such as antitumor, antivascular®,
antimicrobial®, antioxidant,’® antifungal,!* anticoagulant, estrogenic,'? antiviral,*®
anticancer'4, anti-HIV®®, herbicidal, analgesic and anticonvulsant activities.’® Lipophilic
nature of the benzopyran derivative helps to cross the cell membrane easily causing its
antimicrobial activity. Umbelliferone (7-hydroxycoumarin), a naturally occurring coumarin
derivative isolated from Ferula communis, was found to exhibit significant anticancer effects
via the induction of apoptosis, cell cycle arrest and DNA fragmentation in HepG2 cancer cells
(Fig. 1).1 Chilin and co-workers have identified the coumarin moiety as an attractive casein
kinase 2 (CK2) inhibitor.8

In addition to their medicinal activities, chromene derivatives also play an important role
in the production of highly effective fluorescent dyes for synthetic fibers, daylight fluorescent
pigments and exhibits skin-photosensitizing activity.!®?2! Therefore, there is a need to

develop new synthetic route for accessing these molecules with diverse functionality.

5.2 Selected examples of g-functionalization of amines

Presence of the amine group provides convenient way for the installation of various
functional groups at its a-position. Therefore, in the literature, a large number of
methodologies for a-C-H functionalization of saturated amine has been reported.?>?3
However, the B-C(sp®)-H bond remains inert and thus less facile towards direct
functionalization. On the other hand, although several indirect pathways were known for the
preparation of p-functionalized amine,?* reports on direct functionalization of more
challenging -C(sp®)-H bonds are only very few.?® In 2011, Li and co-workers reported the
formation of «f-unsaturated aldehydes 5.3 by oxidation of triethylamine with TBHP in
presence of iron-catalyst. Subsequently enal 5.3 were utilized for further C-C coupling
reactions with 1,3-dicarbonyl compounds to achieve dicarbonyl derivative 5.4 (Scheme 1, eq.
1).%61n 2012, Lindsley and co-workers reported enantioselective synthesis of s-functionalized
morpholines and piperazines from a common intermediate 5.6.2*° Enantioselective
chlorination of aldehyde 5.5 followed by amination occurred producing 5.6 which after base-
induced cyclization yielded desired g-functionalized N-heterocycle 5.7 (Scheme 1, eq. 2). In
2012, Bruneau and co-workers developed ruthenium-catalyzed direct method for S-alkylation
of the tetrahydroisoquinoline 5.8 using various heteroaromatic aldehydes 5.9 to produce 4-
substituted tetrahydroisoquinoline derivatives 5.11 (Scheme 1, eq. 3).% In the same year,
they reacted aniline, diol 5.12, and aldehyde to produce g-functionalized N-arylpiperidines

5.13 in the presence of iridium(l1l) complex 5.14 via double N-alkylation strategy (Scheme
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1, eq. 4).8 In 2013, Kanai and co-workers developed an iron-catalyzed direct dehydrogenative
S-functionalization of cyclic and acyclic amine 5.15 under mild conditions using nitroalkene
5.16 as a coupling partner to produce 5.17 (Scheme 1, eq. 5).%°

It was evident that most of the known methods for direct g-C(sp®)-H functionalization
required the use of oxidants, metallic reagent and/or sensitive reaction conditions. The
development of a simple method, which excludes the use of hazardous metal and oxidants

and can offer more environmentally benign process, was highly desirable.

Li, 2011
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Scheme 1: Syntheses of S-functionalized aliphatic amines

5.3 Reaction of aliphatic acyclic amines with aldehydes

During the development of direct a-C-H arylation of amine, pyrrolidine was reacted in the
presence of 9-fluorenone and p-nitrophenol in refluxing benzene. However, it was observed
that, instead of desired C-H arylated product, compound 5.18 was formed with 26% yield (eq.

6). It was realized that the reaction would provide the opportunity to achieve direct 5-C-H
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functionalization of aliphatic amines under simple reaction conditions without using metal-
or oxidant-based reagents or catalyst.*® Furthermore, the method will have potential to
provide privileged structures in single step without using pre-oxidized or pre-functionalized
substrates.

(0]
O . 4-nitrophenol
+
H Q O benzene, reflux

Therefore, investigation of the reaction was performed further for acyclic saturated

(6)

5.18, 26%

secondary amines as the potential substrates for f-C-H functionalization. A reaction of N,N-
dibutylamine 5.19 with p-chloro benzaldehyde was performed under the reaction conditions
optimized for N-heterocycles. However, the homologated unsaturated aldehyde 5.21 was
isolated with 50% vyield instead of desired unsaturated imine 5.20 (eg. 7). Unsaturated
aldehydes were widely used in organic synthesis for the preparation of bioactive natural and
unnatural compounds.3! Specially, 2-alkyl substituted cinnamaldehyde derivatives find direct
application in perfume and cosmetic industry.? Syntheses of these compounds, primarily via
cross-aldol reaction, remained inefficient due to the associated undesired self-condensation
and polymerization reaction.®® For example, cross-aldol reactions with acetaldehyde enolates
yielded self-condensation products with aliphatic aldehyde partners. This difficulty can be
circumvented with C-silated imines but the preparation and purification of these C-silated
imines are difficult. Wittig,® Horner-Emmons,®” and Peterson type reagents® are generally
not compatible with base sensitive functional groups and sometimes require additional
synthetic steps to generate enals. Methodologies utilizing transmetalation strategy often meets
with incompatibility with other functional groups. These complications could be potentially
avoided during their syntheses via this operationally simple method utilizing amine as the
formal aldol-donor.

As the best yield was observed for g-functionalization of aliphatic amines in xylene at
reflux temperature, the same solvent was utilized for the transformation.*® Various reactions
were performed changing the conditions like temperature and equivalent of dibutylamine.
Amount of additive (3,5-dinitro benzoic acid) also varied for the improvement of yield of
desired compound. When 2.5 equivalent of dibutylamine and 1 equivalent of aldehyde was
reacted in presence of 0.6 equivalent of additive, 50% of product 5.21a was isolated as the

highest yield. When no additive was added, only 24% of desired product was isolated. Using
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of 4 eq. of dibutylamine gave slightly lower yield of target product (43 %) (Table 1).

Table 1: Reaction optimization for homologation of aldehydes

H
Ar)jﬁ\N/\)} — ™
5.20

3,5 dinitrobenzoic acid

H CHO
N
H/ \H + xylene, reflux
Cl
5.19

Cl
5.21a, 50%

Entry Dibutyl Additives Solvent,Temp Time Yield
amine (equiv.) (h) (%)
(equiv.)
1 2.5 3,5-(NO2).PhCO,H(0.6) xylene, 140 °C 26 50
2 1 3,5-(NO2),PhCO,H(0.6) xylene, 140 °C 26 39
3 2.5 xylene, 140 °C 26 24
4 2.5 3,5-(NO2).PhCO2H (1)  xylene, 140 °C 26 48
5 2.5 3,5-(NO2).PhCO,H(0.6) xylene, 140 °C 26 24
6 4.0 3,5-(NO2).PhCO,H(0.6) xylene, 140 °C 26 43

After having the initial result, it was realized that the reaction will provide the opportunity
to achieve direct homologation of aromatic aldehyde from aliphatic amines under simple
reaction conditions without using metal-catalyst or oxidant-based reagents. Furthermore, the
method will have potential to provide privileged structures in a single step without using pre-
oxidized or pre-functionalized substrates. Therefore, the reaction was investigated further for
a wide range of substrates. Different dialkylamines were reacted with various aldehydes
providing structurally diverse 2-alkylated cinnamaldehyde derivatives 5.21a-r (Scheme 2,
eq. 8). Many of them can be considered as potential aroma substances for use in fragrance
industry. Particularly, hexyl cinnamal (5.21m) is a natural aroma found in essential oil of
chamomile and used in perfume. Aldehydes with or without electron donating or electron
withdrawing substituent in the aryl moiety were equally efficient in providing corresponding
conjugated aldehyde. Electron donating group present in aromatic ring (5.21a-c) gave good
yield. Aromatic aldehyde containing nitro- and N,N-dimethyl amine in para- position gave
lower yield (5.21d, 5.21f). Relatively lower yield of the product 5.21g (34%) was obtained
using anthranaldehyde. Dihexylamine, dioctyl amine and dodecyl amine were utilized and
gave good yields when reacted with different aromatic aldehydes (5.21i-0). Hexyl cinnamal
(5.21m) which is used as a natural aroma in perfume industry was successfully prepared by

the reaction of benzaldehyde and dioctylamine.
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natural aroma used in perfum
NOE
5.21p, 43% 5.21q, 46%(trans cis, 6:1) 5.21r, 39 % (trans cis, 4:1)

Scheme 2: Preparation of unsaturated aldehydes

Similarly, 2-phenyl cinnamaldehyde derivative was also employed successfully to obtain
conjugated aldehydes (5.21g-r) with good yields. Conjugated aldehydes were found to have
thermodynamically more stable E-geometry in the double bond. Geometry of 5.21b and 5.21q
were assigned from the NOE studies (see in Chapter 7, Experimental Section). However,
mixtures of E- and Z-isomers were found for aldehyde 5.21g and dienals 5.219-r.

5.4 Scope of p-functionalization of acyclic amines with salicylaldehydes

Various reports for the preparation of coumarin and their derivatives have appeared in
literature.3® Coumarin derivatve 5.23 can be afforded by means of Pechmann condensation, 3
starting from a phenol and a carboxylic acid or ester 5.22 in the presence of AICIz (Scheme
3, eg. 9). McNab and co-workers described a Wittig type reaction of the aldehyde 5.24 with
the phosphoranes 5.25 by flash vaccum pyrrolysis to give coumarin derivative 5.26 (Scheme
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3, eg. 10).%In 2011, a number of 3-benzyl-chromen-2-ones derivative 5.28 were synthesized
by Chen and co-workers by N-heterocyclic carbene- catalyzed (5.29) selective condensation
reactions between cinnamaldehydes 5.27 and salicylaldehyde (Scheme 3, eq. 11).*! In 2015,
Wang and co-workers developed Cp*Co(lll)-catalyzed annulations of 2-alkenylphenols 5.30
with CO for the synthesis of coumarin derivatives 5.31 (Scheme 3, eq. 12).*? The drawback
of the above methodologies include either use of metal reagent/catalyst or requirement of

very high temperature to obtain the desired product.

Pechmann, 1884

©\ )l A|C|3 PhNO, di (9)
OH EtO 100-130 °C o "o

McNab, 1997
R CHO COOR; R < (10)
O ™ e OLX
OH R, flash vaccum o~ Yo
pyrrolisis
5.24 5.25 5.26
Chen, 2011

CI
@CHO o SN No 5-29 cat. (5mo|% ‘\/I\‘ N\ N (11)
+ o
OH Z 2.1 equiv. DBU

4A MS, THF, 80 °C
5.27 catalyst 5.29

N Cp*Co(CO)l, (10 mol%) X
| (12)
R~ _~ - R 0o~ o

CO balloon, o-xylene, 30 °C

Wang, 2015

Scheme 3: Various strategies for preparation of coumarin derivatives

The optimized conditions were employed to evaluate the scope of the C-C homologation
with salicylaldehydes and related o-hydroxy aldehydes. Gratifyingly, coumarin derivatives
were isolated from the reaction of salicylaldehyde and dibutylamine in refluxing xylene
(Scheme 4, eq. 13). Further, different aromatic aldehydes such as o-vanillin, 2,4-dichloro-6-
hydroxybenzaldehyde were also reacted with dialkylamine to afford structurally diverse
benzopyran derivatives (5.33a and 5.34a-d). 2-Alkyl coumarins were obtained from the
reaction of salicylaldehyde while o-vanillin gave chromene-2-ol as the major product.
Interestingly, coumarin and/or chromene-2- ol derivatives (5.33a and 5.34a-d) with Z- double
bond were obtained on reaction with 2-hydroxyaldehydes.
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Scheme 4: Preparation of coumarin derivatives

5.5 Proposed mechanism of direct g-functionalization

A mechanistic proposal for the metal- and oxidant-free direct f-C-H functionalization of
secondary amine has been presented in Scheme 5 (eq. 14 and eq. 15) Aldehyde 5.35
condensed with secondary aliphatic amine providing iminium ion 5.36, which then rearranged
to isomeric iminium ion 5.37. Nucleophilic substitution reaction occurred at the benzylic or
allylic position of 5.37 to release imine 5.38 and benzyl alcohol 5.39 or benzyl amine 5.40.
Subsequent reaction of enamine, formed from imine 5.38, with aldehyde 5.35 provided o, -
unsaturated imine 5.42 via intermediate alcohol 5.41. The unstable imine 5.42 underwent
hydrolysis providing conjugated aldehyde 5.43. Similar to 5.43, compound 5.44 formed for
salicylaldehyde based substrates on reaction with acyclic amines. The hydroxy group of
salicylaldehyde promoted intramolecular cyclization providing chromene-2-ol 5.46 that
underwent subsequent oxidation to coumarin derivatives 5.47. Ring closing occurred either
via thermal 6m-electrocyclization of o-quinone methide 5.45 or through intramolecular
hemiacetalization of 5.48 (Scheme 5, eq. 16).*3 Attempts were made to isolate benzyl amine
5.40 as the support for the mechanistic proposal. Tertiary Amine 5.21aa corresponding to
5.40 was isolated along with the conjugated aldehyde 5.21a from a reaction of dibutylamine
and 4-chloro-benzaldehyde under standard condition (Scheme 5, eq. 17). It is evident from
the proposed mechanism, a maximum Yyield of 50% is expected for functionalized product
5.43. Moreover, acyclic amines were functionalized providing unsaturated aldehydes (via
successive hydrolysis of imine 5.42) which are reactive and volatile in nature. Probably, due
to these reasons, relatively lower isolated yields were obtained for unsaturated aldehydes
5.43.
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Scheme 5: Plausible reaction mechanism

5.21a 50%

5.6 Summary

A novel method for the direct 5-C(sp®)-H functionalization of aliphatic amines has been
developed. Aliphatic amines reacted with aldehyde under simple reaction conditions
producing a series of 2-alkyl cinnamaldehyde and chromene-2-ol/-one derivatives including
natural aromas. Aliphatic amines were used in this method as a surrogate of aldehyde.
Therefore, this will be promising methodology for the preparation of enals as it avoids self-
condensation or polymerization of aldehydes in cross-aldol reaction. Enamines were formed
in situ directly from corresponding aliphatic amines without the aid of metal based reagents

and external oxidant.
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6.1 Introduction

The discovery of penicillin as antimicrobial in 1920s dramatically reduces the morbidity
and mortality of human and animals from infectious diseases. Since the 60’s a very limited

number of antibacterial agents has been introduced as to the market (Figure 1).

1940 1950 1960 1980 1990 2000 2010

| § . |
-€—— Innovation gap —>»

Quinolones, Streptogramins Mutilins

1970

Glycopeptides Lipopeptides

Macrolides

Aminoglycosides

Chloramphenicol, Tetracyclines
Sulfa drugs

Figure 1: Timeline of the discovery of the most important antibiotic classes, illustrating the
innovation gap (Fischbach & Walsh, 2009).

Oxazolidinones

In recent years, the treatment of some bacterial infections has become more complicated
because of the increase in bacterial resistance against conventional antibacterial agents.
Some bacterial strains have developed resistance from antibiotic action, either by
mutagenesis or by acquiring new genes from other bacteria. Resistance mechanisms
involved efflux pump that expel antibiotics out of the cells and enzymes that modify or
degrade the antibiotic molecule.? Today, emergence of multidrug-resistant bacterial
pathogens leads the researchers and clinicians to a challenging task to identify new potential
anti-bacterial agents. Therefore, efforts are ongoing for the development of new class of
antibacterial agents.>**® Many of the known potential antibacterial agents are structurally
complex and thus these are difficult to obtain with adequate quantity.”® Hence,
identification of new class of safe, highly effective and easily accessible chemotherapeutic
agents becomes inevitable. In this context, diarylmethylamines belong to a promising class

of molecules because of their important pharmacological profile,®*°

structural simplicity
and easy accessibility.™ Moreover, many of the molecules containing diarylmethylamine
scaffold are currently used as pharmaceutical drugs. The examples include Levocetirizine,
Zyrtec, Solifenacin, Meclozine (Figure 2). Diarylmethylamine or amino-napthols showed

similar activity as clinically used selective estrogen receptor modulators (SERMs).1213141°
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Figure 2: Important diarylmethylamines as pharmaceutical drugs

The a-oxygenated derivatives of aminonaphthol/Betti base, (i.e. oxazines) are also very
important class of heterocycles, attracting synthetic interest due to its bioactivities and
antagonism against pathogens.’® Variety of substituted 1,3-oxazine derivatives possess

important bioactivity like antimicrobial,’

anticancer,”® fungicidal,® analgesic,”® anti-
inflammatory #* and antibacterial ?* etc. Compounds having sesamol moiety including Betti
bases are of particular interest because of their potent antibacterial, antifungal and
antioxidant property along with nitric oxide radical scavenging activity.?> Mathew and co-
workers reported the biological activity of a series of 3,4-dihydro-2H-benzo[e]-, 2,3-
dihydro-1H-naphtho[1,2-e]- and 3,4-dihydro-2H-naphtho[2,1-e][1,3]oxazine derivatives
which were assessed against gram-negative and gram-positive bacteria.* It was observed
that some of the screened compounds have shown significant in vitro antimicrobial effect. A
series of oxazines were synthesized through a-C-H functionalization of
diarylmethylamines/Betti bases (Chapter 2 and 4). To check the potency of the synthesized
compounds, oxazine 6.2c and 6.2d were tested for the antibacterial activity against
Staphylococcus aureus and Listeria monocytogenes as gram-positive bacteria and
Escherichia coli enterotoxic, ETEC (MTCC 723) and Salmonella paratyphi as gram-
negative bacteria (Figure 3). Preliminary results showed moderate activity which was
similar to the reported data.”> Next, the antimicrobial behaviour of diarylmeyhylamines
6.1a and 6.1b were investigated against the same bacteria. It was found that the class of
Betti bases 6.1a and 6.1b showed better antibacterial activity as compared to the class of
oxazines 6.2c and 6.2d (Table 1). In quest of the potent and novel class of antimicrobial
compounds, it was planned to design and synthesize a set of structurally diverse

diarylmethylamines/Betti bases.
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NO, NO,
> OH ci
O NS O NQ O r\QH O NQ
OOy O T oo O H
6.1b

6.2c 6.2d

6.1a
Figure 3: Diarylmethylamines vs. oxazines

Table 1: The minimum inhibitory concentration (MIC) (ug/mL) of compound 6.1a-b, 6.2c-

d against selected gram-positive and gram-negative bacteria.

Compounds S. aureus L. monocytogenes E. coli S. paratyphi

enterotoxic

6.2c 250 500 250 500
6.2d 125 1000 250 500
6.1a 125 62.5 250 62.5
6.1b 250 62.5 250 250

6.2 Design and synthesis of novel diarylmethylamines

Various diarylmethylamines 6.1a-n were synthesized via three component condensation
reaction. Suitable aldehydes were condensed with different secondary amines in the
presence of electron rich phenolic compounds to obtain the desired tertiary amines (Scheme
1).® 2-Naphthol was employed as the nucleophile for the synthesis of diarylmethylamines
6.1a-h, having either N-heterocycle or N,O- and N,N-diheterocycle, with very good to
excellent yields (up to 96%). Similarly, diarylmethylamine 6.1i containing acyclic amine
was synthesized from 2-naphthol, benzaldehyde and N-benzylmethylamine. On the other
hand, phenol and 2,4-di-tert-butyl phenol provided diarylmethylamines 6.1j and 6.1k
respectively. Sesamol is a naturally occurring compound and present in many bioactive
molecules.**** Therefore, superior bioactivity was anticipated for the diarylmethylamine
containing sesamol moiety. Accordingly, to incorporate sesamol moiety, sesamol was
selected as the nucleophile in place of 2-naphthol. The reaction of sesamol and N-methyl
piperazine with salicylaldehyde and vanillin in refluxing ethanol provided the desire

diarylmethylamines 6.11 and 6.1m, respectively, with very good isolated yields. An
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interesting antioxidant property was also anticipated for compounds 6.1l and 6.1m due to
the presence of electron rich aromatic units. Arylmethylamine 6.1n was synthesized from
3,5-di-tert-butylsalicyldehyde via a hydride free formal reductive benzylation of piperidine

under microwave heating.*®

OH ~

OH O | R K\N
N 0 OH ethanol, reflux NJ

Sy P
A »

R

o)
9 6.1-m
NO, NO,
OH
.o oralD VSl
N N NI N N N \N| 'D
QU Qo™ U ot oo ooy
6.1a 90% 6.1b 96% 6.1c 90% 6.1d 60% 6.1e 99% 6.1f 80% 6.19 81%
NO, OCHj,
OH - OH =
QU AL ALDOCT O O
O NS O N D N N N N
OH l l OH l OH E OH l OH l OH OH
o (o]
6.1h 84% 6.1i, 71% 6.1j, 71% 9 o -0 9
. o i, 71% A5, 71% 6.1k, 72% 6.11, 72% 64m, 67%  ©1n 67%

Scheme 1: Synthesis of different diarylmethylamines

Further, the antibacterial action of synthesized compounds was evaluated by microbroth
dilution assay and flow cytometry which was confirmed by FESEM imaging. DPPH-assay
was employed to evaluate their antioxidant behaviour. The physico-chemical parameters of

synthesized compounds were determined by in silico studies.

6.3 Biological evaluation
6.3.1 Antibacterial studies

In vitro studies to evaluate antimicrobial properties for all the synthetic compounds have
been carried out in collaboration with Prof. L. Rangan (Dept. of Bioscience and
Bioengineering, Indian Institute of Technology Guwahati). The present study revealed that
the antibacterial activity of compound varies with different functional group(s) present in

the compound. Two pathogenic strains of bacteria were used in this study. Most of the
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compounds were showing MIC values between 0.015 and 1 mg/mL. The activity data are

presented in Table 2.

Table 2. The minimum inhibitory concentration (MIC) (ug/mL) of compounds 6.1a-n
against selected gram-positive and gram-negative bacteria.

Gram (+) ve Gram (-) ve

Compounds” L. monocytogenes  E. coli enterotoxic

(LM) (ETEC)

6.1a 62.5 250
6.1b 62.5 250
6.1c 31.2 -

6.1d 250 -

6.1e 500 250
6.1f 31.2 31.2
6.1g 250 125
6.1h - 250
6.1i 250 1000
6.1j 250 250
6.1k - 250
6.1l 15.6 31.2
6.1m 62.5 31.2
6.1n - 250

*Positive control — Kanamycin (5 pg/mL)

Compound 6.1a with 3-nitrophenyl and N-methyl piperazine units was effective against
gram-positive bacteria with MIC at 62.5 pg/mL and found less susceptible against
gram-negative bacteria. Compound 6.1b having 2-hydroxy phenyl and pyrrolidine moiety
was found to have similar activity. On the other hand, compound 6.1c with N-methyl
piperazine showed pronounced activity against gram-positive bacteria, L. monocytogenes
(LM) with MIC of 31.2 pg/mL. However, it was ineffective against E. coli enterotoxic.
Reduced activity of compound 6.1d as compared to 6.1b was observed by replacing 2-OH-

phenyl with phenyl group. Similar reduction in antibacterial activity was found for
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compound 6.1e, when N-methyl piperazine in 6.1la was replaced by pyrrolidine. An
enhanced activity was found for 6.1f having N-methyl piperazine unit compared to 6.1d
having pyrrolidine moiety. Interestingly, compound 6.1f was found to be very effective
against both gram-positive and gram-negative bacteria with MIC value of 31.2 pg/mL. A
moderate activity was found for compounds 6.1g, 6.1h, and 6.1i containing aromatic
heterocycles, morpholine, and acylic amine respectively. Similar activities were found for
phenol based compounds 6.1j, 6.1k and 6.1n. These observations indicated that electron
rich aromatics (like 2-OH phenyl, 2-napthol) and N-methyl piperazine moiety are important
for obtaining antibacterial activity. Therefore, in a hope to get more potent candidate,
diarylmethylamine 6.11 and 6.1m were synthesized incorporating naturally occurring
electron rich phenol derivative, sesamol, instead of 2-napthol. Pleasingly, compound 6.1l
was found to be the most effective with MIC value of 15.6 and 31.2 pg/mL against gram-
positive bacteria and gram-negative bacteria, respectively. Its methoxy analogue 6.1m also
showed similar activity for both gram-positive and gram-negative bacteria. The potency of
compound 6.11 might be contributed by o-quinone methide that is generated by the
decomposition of the compound in culture media.?®

Resazurin based micro broth dilution assay was also employed to study the antibacterial
activity of 6.11. The colour change appeared at its MIC (15.6 pug/mL) due to the formation
of pink coloured resorufin (Figure 4).

62.5 31.25

Bacteria
treated with
compound

MIC
(15.62 pg/mL)
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Figure 4: Colorimetric microbroth dilution assay of compound 6.11 (ug/mL) against L.
monocytogenes.CC, compound control; GC, growth control; NE, negative control; SC,

sterility control.

In general, it was observed from current study that compounds except 6.1f, 6.11 and 6.1m
were less effective against gram-negative bacteria. This is possibly owing to the fact that
gram-negative bacteria have lipopolysaccharides (LPS) as outer membrane which renders
bacteria to be more resistant to molecules having hydrophilic groups.?” However, presence
of hydrophobic substituent like 2,4-di-tert-butyl-phenol and piperidine in compound 6.1k
and 6.1n did not exhibit activity against gram-positive bacteria. Damage to the bacterial
tissues through some pro-oxidant effects involving the phenolic hydroxyl group has also
been attributed.®?°
6.3.2 Flow cytometry analysis

Multiparametric FC was carried out to better assess the antibacterial potential of the most
promising compound 6.1l against LM. Unstained, cFDA-stained, Pl-stained, cFDA and PI
double stained cells served as controls which enabled to set the FCM detectors. Bacterial
cells were exposed to compound 6.1 at 7.8, 15.6 (MIC) and 31.2 pg/mL and then
simultaneously stained with cFDA and PIl. The quadrants of the contour plots were set to
ease the illustration of different subpopulations of bacteria and unstained cells appeared in
the lower left quadrant. The vehicle control (DMSQ) and untreated bacterial cells showed
minimum relative fluorescence intensity of PI. But, the positive control (heat killed) showed
significant increase (p < 0.01, Tukey’s post hoc test) in relative fluorescence intensity of Pl
(98.4%) in tested bacteria with respect to vehicle control. This confirmed that the major cell
populations existed as membrane compromised or dead. The dual-parameter contour plots
indicate the existence of three main subpopulations of compound-treated LM and showed
dynamic changes of the membrane integrity with the increase in concentration of compound
(Figure 5). These subpopulations were identified as live, dead and membrane compromised
bacteria based on their differential staining characteristics with Pl and cFDA.

The cFDA-stained subpopulation (cFDA™ PI") decreased with increasing concentrations
of compound 6.11 and accounted for 81.2, 6.66 and 0.31% of the total population after
exposure to compound at 7.8, 15.6 and 31.2 pg/mL, respectively. Whereas, the fraction that
stained only with Pl (cFDA™ PI") increased from 1.99, 52.1 and 87.5% after exposure to

compound at 7.8, 15.6 and 31.2 pg/mL respectively, and was scored as the dead population.
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The partial hydrophilic nature of compound 6.1l allows it to penetrate microbial cells and
induce alterations in structure and function of the bacterium. This possibly resulted in the
loss of microbial viability.?” The percent double-stained LM cells (cFDA* PI*) showed a
subtle fluctuation during the course of the compound stress exposure. This fraction
constituted 2.24, 19.8 and 2.22% of the total population after treatment with compound at
7.8, 15.6 and 31.2 pg/mL and was recognized as “viable but non culturable state” (VBNC).
Cells entering the VBNC state often exhibit dwarfing, and a number of major metabolic
changes occur, including reductions in nutrient transport, respiration rates, changes in
membrane fatty acid composition and macromolecular synthesis.*® L. monocytogenes is
known for its diverse physiological states including viable, dead and membrane
compromised population in a heterogeneous sample.*** In the present study, similar
behaviour was confirmed with the help of multicolour flow analysis.

N

(A) Live cells stained with cFDA (B) Heat killed cells stained with PI
o e 1) for a2

FL1 (cFDA)

(C) 7.81 pg/mL (D) 15.62 pg/mL (E) 31.25 pg/mL
‘v 7= v‘ 02 =11 Q2 o

I | e

FL3 (PI)
Figure 5. Dual parameter contour plot for viability assessment of L. monocytogenes against
compound 6.11 by flow cytometry. Proper control cells stained with cFDA and Pl (A) and
(B) and bacteria treated with (C) 7.81 pg/mL; (D) 15.62 pg/mL and (E) 31.25 pg/mL. Three
main subpopulations, corresponding to viable cFDA-stained cells (upper left quadrant),
injured cells double stained with Pl and cFDA (upper right quadrant), and dead Pl-stained

cells (lower right quadrant), can be readily differentiated.

Interestingly, it was observed that PI relative fluorescence intensity was maximum when
the cells were subjected to heat treatment indicating significant damage and depolarization

of the bacterial cell membrane. Stressed population of cells could maintain cell metabolic
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activity, as determined by the fluorescent dyes. The efficacy of compound 6.1l as potential

antibacterial agent has been confirmed using flow analysis.

6.3.3 FESEM analysis

The most susceptible gram-positive bacterium (L. monocytogenes) was examined by
FESEM to observe morphological changes caused by treatment with compound 6.1l
(Figure 6). FESEM images of untreated LM showed intact, smooth cell surface with
defined cell features (Fig. 6A). Heat killed and kanamycin treated cells showed complete
membrane disruption (Fig. 6B and 6C). Shrinking, membrane disintegration and prominent
damage of the cell wall was observed in bacterial cells treated with the compound (Fig. 6D-
F). These findings indicate that compound caused lysis of the bacterium by degrading cell
wall and affecting cytoplasmic membrane. Similar phenomenon has also been found in

related studies on gram-positive bacteria.*®

Figure 6: Field emission scanning electron micrograph of L. monocytogenes (LM) (A)
untreated bacteria, (B) positive control as heat killed cells, (C) cells treated with antibiotic
kanamycin, and (D-F) bacterial cells after treatment with compound 6.11 at its MIC showing

damage in cell membrane, dwarfism and blebbing.

6.4 Antioxidant activity

Antioxidant property of the synthesized compounds has been tested next. A wide variety
of methods have been developed for the estimation of antioxidant potential.** Among them,
DPPH assay is extensively used due to its stability, and its simple reaction system.®* The

method is based on the reduction of DPPH to the non-radical form DPPH-H by a hydrogen-
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donating antioxidant.®* Various concentrations of compounds (1 mg/mL-1.95 pg/mL)
showed radical scavenging activities in a dose dependent manner (Figure 7). The 1Cso was
determined for the compounds and also for the positive control, BHT and ascorbic acid. As
anticipated, we found that both the compounds 6.1l (1Cso = 370 pg/mL) and 6.1m (I1Csp =
428 pg/mL) containing sesamol moiety showed DPPH radical scavenging activity which
are comparable to that of BHT (ICso = 184 pg/mL). Compound 6.1g (ICsp = 817 pg/mL)
and 6.1i (ICsp = 958 pg/mL) showed lower activity than BHT. Other compounds remain
ineffective towards radical scavenging activity. The high radical scavenging capacity of
sesamol moiety

in compounds 6.1l and 6.1m is probably due to the presence of free hydroxyl group in its

structure.?®

100
% — ASCORBIC ACID
%SD —BHT Compounds ICq
70
5” _ (hg/mL)
. - 6.1g 6.1g 817
2o 61i 6.1i 958
T, 6.11 370
B —6.11 6.lm 428
10 :[ BHT 184
o 6.1m Ascorbic Acid 112

o 200 400 600 800 1000
Concentration (pg/mL)

Figure 7. DPPH scavenging activity of selected compounds. BHT used as positive control
at varying concentration ranging 1 mg/mL-1.95 pg/mL.

6.5 Summary

In summary, various diarylmethylamines/Betti bases have been synthesized using simple
and efficient synthetic protocol. These compounds were evaluated for their antibacterial
activity against gram-positive and gram-negative bacteria. The present study revealed that
diarylmethylamine derived from sesamol to be more potent than one derived from 2-
naphthol and phenol based compounds. Compound 6.1l containing sesamol and N- methyl
piperazine was found to be the most potent against gram-positive (L. monocytogenes)
bacteria. It showed antibacterial effect through the damage of bacterial cell membrane
which was confirmed by FC and FESEM analyses. Other compounds showed moderate or
no activity against gram-negative bacteria. Compounds 6.1l and 6.1m also showed strong
free radical scavenging activity similar to BHT in DPPH assay. Interesting antibacterial
activity and promising drug likeness properties, obtained from in silico studies (see

experimental section), signified the compound 6.1l to be considered as a potential
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antibacterial agent. Further studies on this novel class of antibacterial agents are ongoing to

find more potent candidate.
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Experimental Section






Diastereoselective a-C-H Oxygenation of Aliphatic Amines: A General Route to Oxazines

7.1 Experimental Section:

General: All reactions involving air- or moisture-sensitive reagents or intermediates were
carried out in oven-dried glassware under an argon atmosphere. THF and Diethylether (Et.O)
were freshly distilled from Sodium under argon. Dichloromethane (CH2Cl2) was freshly
distilled from phosphorus(V)oxide (P2Os). Triethylamine (EtsN) was distilled from CaH2 and
stored under argon. Commercial grade xylene, benzene and toluene were distilled before use.
All other solvents and reagents were purified according to standard procedures or were used

as received from Aldrich Acros, Merck and Spectrochem.

'H 13C NMR spectroscopy: Varian Mercury plus 400 MHz (at 298 K). Chemical shifts, & (in
ppm), are reported relative to TMS (5 (*H) 0.0 ppm, & (**C) 0.0 ppm) which was used as the
inner reference. Otherwise the solvents residual proton resonance and carbon resonance
(CHCls, & (*H) 7.26 ppm, & (**C) 77.0 ppm; CD30D, (*H) 3.31 ppm, & (**C) 49.0 ppm) were

used for calibration.

Column chromatography: Merck or Spectrochem silica gel 60-120 or neutral alumina

(Merck or Fischer Scientific) under gravity.

FT-IR: spectra were recorded on Perkin Elmer Instrument at normal temperature making
KBr pellet grinding the sample with KBr (IR Grade).

MS (ESI or APCI-HRMS): Mass spectra were recorded on an Agilent Accurate-Mass Q-TOF
LC/MS 6520, and peaks are given in m/z (% of basis peak).

X-RD: X-ray crystallographic data were collected using a Bruker SMART APEX-II1 CCD
diffractometer, equipped with a fine focus 1.75 kW sealed tube Mo—Ke radiation (| =
0.71073 A) at 296(2) K, with increasing w (width of 0.3° per frame) at a scan speed of 3
s/frame. Structures were solved by direct methods using SHELXS—-97 and refined with full-
matrix least squares on F? using SHELXL-97. Using Olex2?, structure was solved with the

Superflip? structure solution program using Charge Flipping and refined with the

! Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. A. K. Puschmann, H. J. Appl. Cryst.
20009, 42, 339.
2 palatinus, L.; Chapuis, G. J. Appl. Cryst. 2007, 40, 786.
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olex2.refine® refinement package using Gauss—Newton minimization. All then non—-hydrogen

atoms were refined anisotropically.

7.2 Diastereoselective a-C-H Oxygenation of Aliphatic Amines: A General Route to

Oxazines

Experimental procedure:
2-((pyrrolidin-1-yl)methyl)phenol (2.63): Pyrrolidine (0.34 mL, 4.09 mmol) was added to
a solution of salisaldehyde (0.43 mL, 4.09 mmol) in 2 mL of ethanol and the
NQ reaction mixture was stirred at room temperature for 2.5 h. Then NaBHa (0.15 g,
OH 4,09 mmol) was added and the reaction mixture was stirred for another 16 h at
that temperature. The reaction was then quenched with aqueous 1M HCI (100
uL) solution and the organic solvents were removed under vacuum. Then the mixture was
diluted with brine and extracted with ethyl acetate (3 X 20 mL). The combined organic layers
were dried (Na;SQa), concetrated in vaccua and the crude product was subjected to SiO»-
column chromatography (EtOAc : Hexane, 1 : 6) to afford 2.63* as brown oil (0.32 g, 45 %).
'H NMR (400 MHz, CDCl3) 5 =9.66 (br. s, 1H), 7.13 (t, J = 7.2 Hz, 1H), 6.95 (d, J = 7.6 Hz,
1H), 6.80 (d, J = 8.0 Hz, 1H), 6.74 (t, J = 7.6 Hz, 1H), 3.79 (s, 2H), 2.60 (s, 4H), 1.82 — 1.81

(m, 4H).

1-((pyrrolidin-1-yl)methyl)naphthalen-2-ol (2.64): Paraformaldehyde (0.16 g, 4.99 mmol)
was heated at 70 °C in benzene (4 mL) for 1 h with stirring. Then mixture

NQ was cooled to room temperature and pyrrolidine (0.41 mL, 4.99 mmol), 2-
OO OH naphthol (0.60 g, 4.16 mmol) were added to the mixture. Then the mixture
was refluxed for 18 h. After that the reaction mixture was cooled and the

product crystalized as a brown solid on long standing (4 days) at room temperature. Then the
solid was washed with a mixture of hexane and ethyl acetate (15:1, 3 X 15 mL) to get amino
alcohol 2.64° as light brown solid (0.82 g, 88% ). *H NMR (400 MHz, CDCl3) § = 7.81 (d, J
=8.6 Hz, 1H), 7.76 — 7.74 (m, 1H), 7.67 (d, J = 8.8 Hz, 1H), 7.45 - 7.41 (m, 1H), 7.29 — 7.27

3 olex2.refine (Bourhis, L. J.; Dolomanov, O.V.; Gildea, R. J.; Howard, J. A. K.; Puschmann, H. in
preparation, 2011).

4 Assimomytis, N.; Sariyannis, Y.; Stavropoulos, G.; Tsoungas, P. G.; Varvounis, G. Synlett 2009,
2777.

® Huang, J. P.; Stanley, T. C.; Jha, A. Tetrahedron Lett. 2009, 50, 51.
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(m, 1H), 7.09 (d, J = 8.8 Hz, 1H), 4.29 (s, 2H), 2.74 (br. s, 4H), 1.93 — 1.88 (m, 4H) (-OH

proton was not detected).

General procedure for the syntheses of Betti base (GP 1):

2-Naphthol or phenol was added to a solution of secondary amine and aldehyde in benzene
and the mixture was refluxed for 16 h. After the disappearance of the starting material
indicated from TLC, the solvent was removed under reduced pressure and the crude product
was subjected to silica gel chromatography or crystalization to afford the amino

naphthol/phenol derivatives.

1-(phenyl(pirrolidine-1-yl)methyl)naphthalen-2-ol (2.66): Accordingto GP 1: 2-Naphthol

(1.00 g, 6.94 mmol), benzaldehyde (0.85 mL, 8.33 mmol), pyrrolidine

O N (0.85 mL, 10.41 mmol) in benzene 10 mL for 18 h and SiO.-column

OH chromatography (EtOAc : Hexane, 1 : 40) to afford 2.66° as light yellow

OO solid (1.26 g, 60%). *H NMR (400 MHz, CDCl3) § = 7.87 (d, J = 8.6 Hz,

1H), 7.70 — 7.68 (m, 1H), 7.66 (d, J = 8.9 Hz, 1H), 7.62 — 7.59 (m, 2H), 7.39 — 7.35 (m, 1H),

7.28 — 7.17 (m, 4H), 7.15 (d, J = 9.2 Hz, 1H), 5.13 (s, 1H), 3.29 (br. s, 1H), 2.65 (br. s, 1H),
2.25 (br. s, 1H), 1.85 (br. s, 5H) (-OH proton was not detected).

1-((4-methoxyphenyl)(pyrrolidine-1-yl)methyl)naphthalen-2-ol (2.66a): According to

MeO GP 1: 2-Naphthol (0.20 g, 1.39 mmol), p-methoxy benzaldehyde

O NQ (0.20 mL, 1.66 mmol), pyrrolidine (0.17 mL, 2.08 mmol) in benzene

on 2 mL for 20 h and SiO2-column chromatography (hexane :ethyl

OO acetate, 20:1) 2.66a’ as light orange solid (0.28 g, 60%). *H NMR

(400 MHz, CDCl3) 6 =7.84 (d, J = 8.8 Hz, 1H), 7.68 (d, J = 8.0 Hz,

1H), 7.65 (d, J = 8.8 Hz, 1H), 7.50 (d, J = 8.4 Hz, 2H), 7.37 — 7.33 (m, 1H), 7.22 - 7.19 (m,

1H), 7.14 (d, J = 8.8 Hz, 1H), 6.78 (d, J = 8.8 Hz, 2H), 5.08 (s, 1H), 3.71 (s, 3H), 3.21 (br. s,
1H), 2.66 (br. s, 1H), 2.21 (br. s, 2H), 1.84 (s, 4H) (-OH proton was not detected).

Lu,J.; Xu, X.; Wang, S.; Wang, C.; Hu, Y.; Hu, H. J. Chem. Soc., Perkin Trans. 1 2002, 24, 2900.
" Karmakar, B.; Banerji, J. Tetrahedron Lett. 2011, 52, 4957.
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1-((pyrrolidine-1-yl)(p-tolyl)methyl)naphthalen-2-ol (2.66b): According to GP 1. 2-

HsC Naphthol (0.40 g, 2.77 mmol), 4-methyl benzaldehyde (0.39 mL,

O NQ 3.32 mmol), pyrrolidine (0.27 mL, 3.32 mmol) in benzene 4 mL for

oH 18 hand SiO2-column chromatography (EtOAc : Hexane, 1 : 40) to

OO afford 2.66b" as brownish solid (0.53 g, 60%). *H NMR (400 MHz,

CDClz) 6 = 13.92 (s, 1H), 7.86 (d, J = 8.8 Hz, 1H), 7.69 — 7.67 (m,

1H), 7.65 (d, J = 8.8 Hz, 1H), 7.48 (d, J = 8 Hz, 2H), 7.35 (dt, J = 7.2 Hz, J = 1.2 Hz, 1H),

7.20 (dt, J = 6.8 Hz, J = 1.2 Hz, 1H), 7.14 (d, J = 9.2 Hz, 1H), 7.06 (d, J = 8.8 Hz, 2H) 5.09
(s, 1H), 3.26 — 1.84 (m, 8H), 2.25 (s, 3H).

1-((4-chlorophenyl)(pyrrolidine-1-yl)methyl)naphthalen-2-ol (2.66¢): According to GP

Cl 1: 2-Naphthol (0.20 g, 1.39 mmol), p-chloro benzaldehyde (0.23 g,

O N 1.66 mmol), pyrrolidine (0.17 mL, 2.08 mmol) in benzene 2 mL for 20

OH h and SiO2-column chromatography (EtOAc : Hexane, 1 : 40) 2.66¢’

OO as colorless solid (0.44 g, 75%). *H NMR (400 MHz, CDCl3) §=13.74

(s, 1H), 7.81 (d, J = 8.8 Hz, 1H), 7.70 (d, J = 8 Hz, 1H), 7.67 (d, J = 8.8 Hz, 1H), 7.54 (d, J

=8.4 Hz, 2H), 7.37 (t, J = 7.2 Hz, 1H), 7.26 — 7.22 (m, 3H), 7.14 (d, J = 8.8 Hz, 1H), 5.10 (s,
1H), 3.26 — 1.84 (m, 8H).

1-((3-nitrophenyl)(pyrrolidin-1-yl)methyl)napthalen-2-ol (2.66d): According to GP 1: 2-
NO, Naphthol (0.40 g, 2.8 mmol), m-nitro benzaldehyde (0.50 g , 3.32 mmol),
pyrrolidine (0.27 mL, 3.32 mmol) in benzene 4 mL for 20 h and
O NQ crystallization to afford 2.66d as yellow solid (0.40 g, 42%). FTIR (KBr):
OH v = 3449, 3086, 2969, 2816, 1621, 1599, 1533, 1468, 1455, 1415, 147,
OO 1313, 1237, 1104, 954, 908, 867, 830, 822, 814, 752, 737, 697 cm™. H
NMR (400 MHz, CDCls) 8 = 13.49 (s, 1H), 8.46 (s, 1H), 8.08 — 8.06 (m, 1H), 8.00 — 7.98 (m,
1H), 7.84 (d, J = 8.6 Hz, 1H), 7.71 (t, J = 8.7 Hz, 2H), 7.45 —7.40 (m, 2H), 7.28 — 7.24 (m,
1H), 7.17 (d, J = 8.8 Hz, 1H), 5.25 (s, 1H), 3.40 — 1.64 (m, 8H). 3C NMR (100 MHz, CDCls)
6 =155.6, 148.3, 143.5, 134.6, 131.6, 130.2, 130.0, 129.2, 128.7, 126.9, 123.4, 123.0, 122.8,
120.6, 120.1, 115.6, 69.9, 53.6 (br.), 23.5. HRMS (ESI) exact mass calculated for
C21H21N203" ([M + H]™): 349.1547; Found: 349.1551
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1-((pyridine-2-yl)(pyrrolidin-1-yl)methyl)naphthalen-2-ol (2.66e): Accordingto GP 1: 2-
Naphthol (1.00 g, 6.94 mmol), 2-pyridine carboxaldehyde (0.79 mL , 8.33
mmol), pyrrolidine (0.85 mL, 10.41 mmol) in benzene 6 mL for 18 h and

~ "N
I

N N
oH SiOz-column chromatography (EtOAc : Hexane, 15:1) to afford 2.66e as

OO white solid (1.72 g, 81 %). FTIR (KBr): v =3430, 2971, 2834, 2816, 1622,
1600, 1586, 1519, 1469, 1433, 1353, 1311, 1272, 1146, 1121, 953, 826,

778, 752 719, 629 cm™. 'H NMR (400 MHz, CDCl3) & = 13.73 (s, 1H), 8.48 (ddd, J = 4.8,
1.6, 0.8 Hz, 1H), 8.09 (d, J = 8.6 Hz, 1H), 7.69 — 7.59 (m, 3H), 7.43 (td, J = 7.8, 1.6 Hz, 1H),
7.39—7.35 (m, 1H), 7.21 — 7.16 (m, 1H), 7.15 (d, J = 8.9 Hz, 1H), 7.00 — 6.97 (m, 1H), 5.41
(s, 1H), 2.86 — 2.72 (m, 2H), 2.47 — 2.34 (m, 2H), 1.84 — 1.69 (m, 4H). 13C NMR (100 MHz,
CDCI3) 6=160.8, 155.7, 148.5, 137.1, 132.2, 129.7, 128.6, 128.9, 126.3, 122.8, 122.7, 122.5,
121.8,119.9, 115.6, 72.6, 53.1, 23.4. HRMS (ESI) exact mass calculated for C20H21N20™ ([M

+ H]*): 305.1648; Found: 305.1659.

6-bromo-1-((2-fluorophenyl)(pyrrolidin-1-yl)methyl)naphthalen-2-ol (2.66f): According

F to GP 1: 6-Bromo-2-naphthol (0.40 g, 1.79 mmol), 2-fluoro

O N benzaldehyde (0.23 mL, 2.15 mmol), pyrrolidine (0.18 mL, 2.15

OH  mmol) in benzene 4 mL for 18 h and SiOz-column chromatography

Br OO (EtOAC : Hexane, 1 : 40) to afford 2.66f as yellowish solid (0.37 g,

52 %). '"H NMR (400 MHz, CDCl3) & = 14.00 (s, 1H), 7.83 (s, 1H), 7.69 (d, J = 9.1 Hz, 1H),

7.63 —7.56 (m, 2H), 7.44 — 7.41 (m, 1H), 7.18 — 7.14 (m, 2H), 7.08 — 7.05 (m, 1H), 7.03 —

6.98 (m, 1H), 5.61 (s, 1H), 3.28 — 3.22 (m, 1H), 2.71 (t, J = 7.0 Hz, 1H), 2.36 — 2.28 (m, 2H),

1.92 — 1.76 (m, 4H). °C NMR (101 MHz, CDCls) § = 161.1, 158.7, 156.7, 130.7, 130.7,

130.1, 129.9, 129.9, 129.8, 128.9, 127.9, 127.8, 125.4, 122.9, 122.9, 121.2, 116.3, 115.6,

115.4, 60.9, 54.9, 51.2, 23.7, 23.4. HRMS (ESI) exact mass calculated for C21H20BrFNO*
(IM + H]*): 400.0707; Found: 400.0712.

1-((2-hydroxyphenyl)(pyrrolidin-1-yl)methyl)naphthalen-2-ol (2.66g): According to GP
OH 1: 2-Naphthol (0.28 g, 1.96 mmol), salicylaldehyde (0.25 mL, 2.35 mmol),

O N pyrrolidine (0.24 mL, 2.94 mmol) in benzene 4 mL in reflux condition for
OH 16 h slow evaporation under ambient condition and washing (hexane, 15

OO mL) the resulting solid to afford 2.66g (0.59 g, 96%) as white solid. FTIR
(KBr): v = 3461, 3056, 2950, 1838, 1615, 1584, 1559, 1057, 1451, 1365, 1275, 1237, 1142,
957, 824, 753, 693, 667, 630, 559, 549, 544, 453 cm™. 'H NMR (400 MHz, CD30D) & = 7.80
(d, J=8.7 Hz, 1H), 7.52 (t, = 8.0 Hz, 2H), 7.29 (d, J = 7.7 Hz, 1H), 7.16 (t, J = 7.7 Hz, 1H),
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7.04 (t, J =7.4 Hz, 1H), 6.94 — 6.89 (m, 2H), 6.72 (d, J = 8.0 Hz, 1H), 6.56 (t, J = 7.5 Hz,
1H), 5.80 (s, 1H), 3.21 — 2.86 (m, 2H), 2.61 — 2.31 (m, 2H), 1.82 — 1.68 (m, 4H).*C NMR
(101 MHz, DMSO-de) 6 = 156.4, 154.6, 132.4, 129.4, 129.3, 129.2, 129.0, 128.3, 127.8,
126.9, 122.8, 121.7, 120.3, 120.2, 117.7, 116.0, 61.3, 51.6 (br. 2C) 23.5 (2C). HRMS (ESI)
exact mass calculated for C21H22NO>" ([M + H]*): 320.1645; Found: 320.1641.

1-(phenyl(piperidine-1-yl)methyl)naphthalen-2-ol (2.66h): According to GP 1. 2-

Naphthol (0.20 g, 1.40 mmol), benzaldehyde (0.14 mL, 1.40 mmol),

O ,O piperidine (0.14 mL, 1.40 mmol) in benzene 2 mL for 16 h and SiO>-

on column chromatography (EtOAc : Hexane, 1 : 40) to afford 2.66h° as white

OO solid (0.31 g, 69%). *H NMR (400 MHz, CDCl3) § = 7.83 (d, J = 8.6 Hz,

1H), 7.69 — 7.67 (m, 1H), 7.65 (d, J = 8.9 Hz, 1H), 7.56 — 7.54 (m, 2H),

7.37 - 7.33 (m, 1H), 7.27 — 7.17 (m, 4H), 7.14 (d, J = 8.9 Hz, 1H), 5.08 (s, 1H), 3.32 — 1.58
(m, 10H) (-OH proton was not detected).

1-((3-nitrophenyl)(piperidine-1-yl)methyl)naphthalen-2-ol (2.66i): According to GP 1:
NO, 2-Naphthol (0.30 g, 2.08 mmol), m-nitro benzaldehyde (0.38 g, 2.50
mmol), piperidine (0.25 mL, 2.50 mmol) in benzene 3 mL for 16 h and
‘ I\O crystallization to afford 2.66i as yellow solid (0.75 g, 99% ). FTIR (KBr):
OH v =3422, 3091, 2954, 2850, 2807, 1620, 1597, 1533, 1474, 1449, 1343,
OO 1271, 1237, 1155, 1084, 1069, 830, 816, 749, 734, 690 cm™. *H NMR (400
MHz, CDCl3) & = 13.60 (s, 1H), 8.40 (s, 1H), 8.07 — 8.04 (m, 1H), 7.98 — 7.89 (m, 1H), 7.79
(d, J=8.6 Hz, 1H), 7.74 — 7.68 (m, 2H), 7.46 — 7.38 (m, 2H), 7.28 — 7.22 (m, 1H), 7.17 (d, J
= 8.9 Hz, 1H), 5.19 (s, 1H), 3.52 — 1.11 (m, 10H). ¥C NMR (100 MHz, CDCls) & = 155.6,
148.4, 142.1, 135.0, 132.1, 130.1, 129.1, 128.7, 126.9, 123.9, 123.1, 123.0, 122.8, 120.5,
120.2, 115.2, 71.2, 54.6, 52.6, 26.0, 24.0 (restricted inversion of amine leading to 1 carbon
more in count). HRMS (ESI) exact mass calculated for C22H23N20s* ([M + H]*): 363.1703;
Found: 363.1685.
1-((morpholino(phenyl)methyl)naphthalen-2-ol (2.66j): According to GP 1: 2-Naphthol
O ﬁo (0.20 g, 1.39 mmol), benzaldehyde (0.17 mL, 1.66 mmol), morpholine (
N\) 0.14 mL, 1.66 mmol) in benzene 2 mL for 14 h and crystallization to afford
OO OH 2668 as colorless crystal (0.41 g, 93%). *H NMR (400 MHz, CDCl3) § =

8 Ganesan, S. S.; Rajendran, N.; Sundarakumar, S. I.; Ganesan, A.; Pemiah, B. Synthesis 2013, 45,
1564.
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13.12 (s, 1H), 7.84 (d, J = 8.6 Hz, 1H), 7.69 — 7.65 (m, 2H), 7.56 — 7.55 (m, 2H), 7.39 — 7.34
(m, 1H), 7.27 — 7.24 (m, 2H), 7.22 — 7.17 (m, 2H), 7.15 (d, J = 8.8 Hz, 1H), 5.10 (s, 1H), 3.79
—3.65 (m, 4H), 3.08 (br. s, 1H), 2.41 — 2.25 (m, 3H).

1-(morpholino(3-nitrophynyl)methyl)naphthalen-2-ol (2.66k): According to GP 1: 2-
NO, Naphthol (0.50 g, 3.47 mmol), m-nitro benzaldehyde (0.63 mg, 4.16
O ﬁo mmol), morpholine (0.36 mL, 4.16 mmol) in benzene 6 mL for 16 h and
N SiOz-column chromatography (EtOAc : Hexane, 1 : 6) to afford 2.66k as
OO OH " yellow foam (1.08 g, 85%). FTIR (KBr): ¥ = 3425, 3070, 2959, 2850,
1621, 1599, 1530, 1466, 1449, 1349, 1272, 1234, 1118, 947, 873, 829,

815, 747, 734, 688 cm™. 'H NMR (400 MHz, CDCls) 5 = 12.85 (s, 1H), 8.46 (s, 1H), 8.02 —
8.00 (m, 1H), 7.94 (d, J = 7.5 Hz, 1H), 7.82 (d, J = 8.6 Hz, 1H), 7.67 — 7.65 (m, 2H), 7.341 —
7.35(m, 2H), 7.23 -7.19 (m, 1H), 7.16 (d, J =8.9 Hz, 1H), 5.24 (s, 1H), 3.87 — 2.39 (m, 8H).
13C NMR (100 MHz, CDCls) & = 154.8, 148.5, 141.0, 135.0, 132.0, 130.5, 130.2, 129.2,
128.9, 127.1, 124.0, 123.3, 123.0, 120.5, 120.0, 114.1, 71.0, 66.7, 52.0 (br.). HRMS (ESI)

exact mass calculated for C21H21N204 ([M + H]"): 365.1496; Found: 365.1485.

1-((4-methylpiperazin-1-yl)(3-nitrophenyl)methyl)naphthalen-2-ol (2.661): According to
NO, GP 1: 2-Naphthol (1.00 g, 6.94 mmol), m-nitro benzaldehyde (1.25 g,
O (\N/ 8.32 mmol), N-methyl piperizine (0.92 mL, 8.32 mmol) in benzene 8 mL
NJ for 16 h and SiO2-column chromatography (DCM : MeOH 50 : 1) to

OH afford 2.661 as yellow solid (2.58 g, 98%). FTIR (KBr): v = 3453, 2939,

OO 2850, 2809, 1623, 1600, 1529, 1465, 1413, 1347, 1291, 1235, 1155,
1137, 1102, 1087, 949, 812, 735, 690, 666 cm™. *H NMR (400 MHz, CDCls3) & = 13.03 (s,
1H), 8.44 (s, 1H), 8.08 — 8.00 (m, 1H), 7.98 — 7.90 (m, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.69 —
7.66 (m, 2H), 7.42 - 7.37 (m, 2H), 7.25 - 7.21 (m, 1H), 7.17 (d, J = 8.9 Hz, 1H), 5.24 (s, 1H),
3.32 — 2.32 (m, 8H), 2.28 (s, 3H). 13C NMR (100 MHz, CDCl3) § = 155.1, 148.4, 141.6,
135.0, 132.0,130.3,130.1, 129.1, 128.8, 127.0, 123.9, 123.2, 122.9, 120.5, 120.0, 114.6, 70.6,
54.9, 53.4, 51.4, 45.7 (restricted inversion of amine leading to 1 carbon more in count).
HRMS (ESI) exact mass calculated for C22H2sN303" ([M + H]*): 378.1812; Found: 378.1813.
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1-((azepan-1-yl)(phenyl)methyl)naphthalen-2-ol (2.66m):  According to GP 1. 2-
Naphthol (0.20 g, 1.39 mmol), benzaldehyde (0.17 mL, 1.66 mmol),

O ,@ hexamethyleneimine (0.19 mL, 1.66 mmol) in benzene 2 mL for 18 h and
on  SiOz-column chromatography (EtOAc : Hexane, 1 : 40) to afford 2.66m®

OO as colorless solid (0.16 g, 35% ). *H NMR (400 MHz, CDCls3) & = 7.78
(d, J=8.6 Hz, 1H), 7.58 — 7.51 (m, 4H), 7.28 — 7.25 (m, 1H), 7.15-7.10

(m, 3H), 7.07 — 7.03 (m, 2H), 5.19 (s, 1H), 2.67 — 2.42 (m, 4H), 1.72 — 1.40 (m, 8H) (-OH

proton was not detected).

1-((azocan-1-yl)(phenyl)methyl)naphthalen-2-ol (2.66n): According to GP 1: 2-Naphthol

(0.20 g, 1.39 mmol), benzaldehyde (0.17 mL, 1.66 mmol),

O O heptamethyleneimine (0.21 mL, 1.66 mmol) in benzene 2 mL for 18 h

of and SiO»-column chromatography (EtOAc : Hexane, 1 : 40) to afford

OO 2.66n as yellow oil (85 mg, 18%). FTIR (KBr): v = 3453, 2923, 2851,

1621, 1600, 1519, 1453, 1415, 1267, 1237, 1157, 1111, 958, 815, 743,

699 cm™. 'H NMR (400 MHz, CDCls) & = 14.09, (s, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.64 —

7.61 (m, 4H), 7.36 (t, J = 8.4 Hz, 1H), 7.22 — 7.19 (m, 2H), 7.17 — 7.13 (m, 3H), 5.26 (s, 1H),

2.73 (br. s, 4H), 1.65 — 1.59 (m, 10H). **C NMR (100 MHz, CDCl3) § = 155.3, 140.9, 132.2,

129.5, 129.1, 129.0, 128.8, 128.7, 127.9, 126.5, 122.4, 121.0, 120.1, 117.3, 69.8, 53.0, 27.0,

26.8, 25.4. HRMS (ESI) exact mass calculated for C2sH2sNO™ ([M + H]*): 346.2165; Found:
346.2162.

1-((diethylamino)(phenyl)methyl)naphthalen-2-ol (2.660): According to GP 1. 2-

( Naphthol (0.35 g, 2.43 mmol), benzaldehyde (0.29 mL, 2.91 mmol),

O N._~ diethyl amine (0.30 mL, 2.91 mmol) in benzene 3 mL for 32 h and SiO»-

oH column chromatography (EtOAc : Hexane, 1 : 40) to afford 2.660° as

OO yellowish solid (0.49 g, 66%). *H NMR (400 MHz, CDCls) & = 14.31 (s,

1H), 7.87 (d, J = 8.6 Hz, 1H), 7.67 (d, J = 8.1 Hz, 2H), 7.68 — 7.62 (m, 2H), 7.38 — 7.34 (m,

1H), 7.28 — 7.20 (m, 2H), 7.20 — 7.15 (m, 2H), 7.13 (d, J = 8.9 Hz, 1H), 5.44 (s, 1H), 2.78 —
2.70 (m, 4H), 1.04 (br. s, 6H).
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1-((dibenzylamino)(phenyl)methyl)naphthalen-2-ol (2.66p): According to GP 1. 2-

Ph Naphthol (0.20 g, 1.39 mmol), benzaldehyde (0.17 mL, 1.66 mmol),

O N._Ph dibenzylamine (0.32 mL, 1.66 mmol) in benzene 2 mL for 18 h and SiO»-

on  column chromatography (EtOAc : Hexane, 1 : 40) to afford 2.66p as

OO yellow solid (0.25 g, 50%). FTIR (KBr): v = 3444, 3060, 3027, 2924,

2851, 1621, 1600, 1584, 1519, 1494, 1467, 452, 1414, 1363, 1266, 1235,

1103, 1082, 1060, 1028, 945, 839, 817, 745, 698 cm™*. *H NMR (400 MHz, CDCl3) 5 = 13.94

(s, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.73 (t, J = 8.4 Hz, 1H), 7.53 (s, 2H), 7.40 (t, J = 8.4 Hz,

1H), 7.28 — 7.22 (m, 7H), 7.14 — 7.09 (m, 9H), 5.53 (s, 1H), 3.77 (s, 4H). 1°C NMR (100

MHz, CDCls) & = 155.8, 139.9, 132.0, 130.0, 129.4, 129.2, 129.1, 128.9, 128.6, 128.1, 127.6,

126.7,122.7,121.2,120.0, 116.1, 67.2, 53.6. (overlap at aromatic region leading less number

of carbon in count) HRMS (ESI) exact mass calculated for Cz1H2sNO™ ([M + H]*): 430.2165;
Found: 430.2171.

1-((N-benzyl-N-methylamino)(phenyl)methyl)naphthalen-2-ol (2.66q): According to GP
ph  1: 2-Naphthol (0.20 g, 1.39 mmol), benzaldehyde (0.17 mL, 1.66 mmol),
O N N-methyl benzyl amine (0.32 mL, 1.66 mmol) in benzene 2 mL for 18 h
on @and SiOz-column chromatography (EtOAc : Hexane, 1 : 40) to afford
O 2.660° as white solid (0.34 g, 71%). *H NMR (400 MHz, CDCl3) § = 14.31
(s, 1H), 7.91 (d, J = 8.6 Hz, 1H), 7.71 — 7.66 (m, 5H), 7.41 — 7.37 (m, 1H),

7.33-7.16 (m, 9H), 5.22 (s, 1H), 3.55 (br. s, 2H), 1.04 (br. s, 3H).

2-(phenyl(pyrrolidin-1-yl)methyl)phenol (2.66r): According to GP 1: Phenol (0.50 g, 5.31

mmol), benzaldehyde (0.65 mL , 6.37 mmol), pyrrolidine (0.52 mL, 6.37

O N mmol) in benzene 5 mL for 16 h and SiO2-column chromatography (EtOAc

OH : Hexane, 1: 15) to afford 2.66s° as yellow oil (0.95 g, 71 %). *H NMR

O (400 MHz, CDCl3) 6 = 12.33 (s, 1H), 7.46 — 7.44 (m, 2H), 7.26 — 7.22 m,

2H), 7.20 - 7.18 (m, 1H), 7.09 — 7.05 (m, 1H), 6.95 — 6.93 (m, 1H), 6.85 — 6.83 (m, 1H), 6.68

(td, J = 7.4, 1.1 Hz, 1H), 4.36 (s, 1H), 2.61 br. s, 2H), 2.46 — 2.45 (m, 2H), 1.80 — 1.77 (m,

4H).C NMR (101 MHz, CDCls3) § = 156.7, 142.2, 128.8, 128.4, 128.3, 127.9, 127.8, 126.8,
119.2, 116.9, 75.8, 53.3, 23.6.

®Dong, Y.; Sun, J.; Wang, X.; Xu, X.; Cao, L.; Hu, Y. Tetrahedron: Asymmetry 2004, 15, 1667.
10 Candeias, N. R.; Veiros, L. F.; Afonso, C. A. M.; Gois, P. M. P. Eur. J. Org. Chem.
20009, 12, 1859.
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General procedure for the syntheses of oxazines (GP 2):

To a solution of Betti base in xylene was added silver oxide and the reaction mixture was
refluxed for 24 h. Then the reaction mixture was cooled to room temperature, filtered through
a pad of celite and celite cake was washed with ethylacetate. The combined solvents were
removed under vacuum and the crude product was subjected to silica gel column

chromatography to afford the analytically pure oxazine.

7a,8,9,10-Tetrahydro-11H-7-oxa-10a-aza-cyclopenta[b]phenanthrene (2.65): According

to GP 2: Betti base 2.64 (0.25 g, 1.1 mmol), Ag.0 (0.30 g, 1.32 mmol)

NQ stirred at room temperature for 24 hours in m-xylene 2 mL. The crude

O product was subjected to SiO2-column chromatography (EtOAc : Hexane,

OO 1:10) to afford 2.65 as yellow solid (0.16 g, 64 % ). FTIR (KBr): v =

2979, 2959, 2926, 2838, 1622, 1598, 1513, 1469, 1434, 1397, 1229, 1131, 884, 821, 744 cm"

! 'H NMR (400 MHz, CDCl3) 6 = 7.81 (d, J = 8.0 Hz, 1H), 7.69 — 7.65 (m, 2H), 7.54 — 7.50

(m, 1H), 7.42 —7.38 (m, 1H), 7.08 (d, J = 8.9 Hz, 1H), 5.25 - 5.08 (m, 1H), 4.64 (d, J =17.1

Hz, 1H), 4.30 (d, J = 17.0 Hz, 1H), 3.17 (td, J = 8.4, 3.2 Hz, 1H), 3.01 (g, J = 8.4 Hz, 1H),

2.28 — 2.19 (m, 2H), 2.16 — 2.01 (m, 2H). 3C NMR (100 MHz, CDCl3) § = 151.5, 131.7,

129.0, 128.7, 128.0, 126.5, 123.4, 121.2, 119.0, 110.5, 90.2, 50.0, 44.0, 32.1, 21.3. HRMS
(ESI) exact mass calculated for C1sHisNO™ ([M + H]*): 226.1226; Found: 226.1221.

rac-(7aS,11R)-11-Phenyl-7a,8,9,10-tetrahydro-11H-7-oxa-10a-aza-cyclopenta
[b]phenanthrene (2.67): According to GP 2: Betti base 2.66 (0.10 g, 0.33
O N mmol), Ag20 (91 mg, 0.39 mmol) refluxed for 18 h in m-xylene 2 mL.
o0 The crude product was subjected to SiOz-column chromatography
OO (EtOAC : Hexane, 1 : 40) to afford 2.67° as brown solid (75 mg, 75% ).
'H NMR (400 MHz, CDCl3) § =7.7 - 7.74 (m, 1H), 7.72 (d, J = 9.0 Hz, 1H), 7.40 — 7.37 (m,
1H), 7.30 — 7.22 (m, 6H), 7.07 (d, J = 8.9 Hz, 1H), 5.45 (s, 1H), 5.09 (d, J = 3.3 Hz, 1H), 3.36
~3.31(m, 1H), 2.92 (g, J = 8.3 Hz, 1H), 2.11 — 1.95 (m, 5H).
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Diastereoselective a-C-H Oxygenation of Aliphatic Amines: A General Route to Oxazines

rac-(7aS,11R)-11-(4-Methoxy-phenyl)-7a,8,9,10-tetrahydro-11H-7-oxa-10a-aza-
MeO cyclopenta [b]phenanthrene (2.67a): According to GP 2: Betti
O NQ base 2.66a (0.28 g, 0.84 mmol), Ag-0 (0.23 g, 1.01 mmol) refluxed
o H  for 18 h in p-xylene 3 mL. The crude product was subjected to SiO»-
OO column chromatography (EtOAc : Hexane, 1 : 40) to afford 2.67a
as light yellow solid (0.15 g, 55% ). FTIR (KBr): v = 2956, 2923,
2831, 1653, 1623, 1597, 1511, 1464, 1260,1244, 1234, 1178, 1029, 814, 748 cm™. 'TH NMR
(400 MHz, CDCls) 8 = 7.77 — 7.73 (m, 1H), 7.71 (d, J = 9.0 Hz, 1H), 7.41 — 7.38 (m, 1H),
7.31-7.22 (m, 2H), 7.16 (d, J = 8.5 Hz, 2H), 7.06 (d, J = 8.9 Hz, 1H), 6.79 (d, J = 8.8 Hz,
2H), 5.40 (s, 1H), 5.09 (d, J = 3.4 Hz, 1H), 3.75 (s, 3H), 3.33 - 3.28 (m, 1H), 2.89 (q, J = 8.4
Hz, 1H), 2.10 — 1.97 (m, 4H). 3C NMR (100 MHz, CDCl3) 5 = 158.8, 151.8, 135.8, 132.6,
132.3, 129.9, 129.0, 128.6, 126.6, 123.1, 122.8, 118.9, 113.8, 110.7, 86.5, 55.8, 55.3, 50.4,
32.1, 21.1. HRMS (ESI) exact mass calculated for C22H22NO- ([M + H]*): 332.1645; Found:

332.1660

rac-(7aS,11R)-11-p-Tolyl-7a,8,9,10-tetrahydro-11H-7-oxa-10a-aza-cyclopenta
Me [b]phenanthrene (2.67b): According to GP 2: Betti base 2.66b (0.20

O NQ g, 0.64 mmol), Ag-O (0.18 g, 0.76 mmol) refluxed for 18 h in p-
H xylene 3 mL. The crude product was subjected to SiO>-column

OO 7 chromatography (EtOAc : Hexane, 1 : 40) to afford 2.67b as light
yellow solid (0.13 g, 65% ). FTIR (KBr): v = 2959, 2923, 2836,
1620, 1597, 1510, 1467, 1233, 990, 816, 756 cm™. *H NMR (400 MHz, CDCl3) & = 7.75 —
7.69 (m, 2H), 7.27 — 7.25 (m, 2H), 7.14 — 7.12 (m, 2H) 7.07 — 7.05 (m, 4H), 5.41 (s, 1H), 5.09
(d, J = 3.2 Hz, 1H), 3.33 — 3.29 (m, 1H), 2.92 — 2.86 (m, 1H), 2.29 (s, 3H), 2.09 — 1.98 (m,
4H). 3C NMR (100 MHz, CDCl3) 6 = 151.8, 140.6, 136.8, 132.6, 129.2, 129.1, 129.0, 128.7,
128.6,126.5, 123.0, 122.8, 118.9, 110.6, 86.4, 56.1, 50.4, 32.1, 21.2, 21.1. HRMS (ESI) exact
mass calculated for C22H22NO™ ([M + H]™): 316.1696; Found: 316.1680.

rac-(7aS,11R)-11-(4-Chloro-phenyl)-7a,8,9,10-tetrahydro-11H-7-oxa-10a-aza
cyclopenta [b]phenanthrene (2.67c): According to GP 2: Betti base

Cl
O NQ 2.66¢ (0.10 g, 0.24 mmol), Agz0 (82 mg, 0.35 mmol) refluxed for 18
H hin p-xylene 2 mL. The crude product was subjected to SiO2-column

o)
OO chromatography (EtOAc : Hexane, 1 : 40) to afford 2.67c as light
yellow solid (70 mg, 70% ). FTIR (KBr): v = 2961, 2924, 2845,
1654, 1618, 1601, 1261, 1092, 1023, 804 cm™. *H NMR (400 MHz, CDCl3) § = 7.78 — 7.75

109



(m, 1H), 7.73 (d, J = 9.0 Hz, 1H), 7.34 — 7.27 (m, 3H), 7.23 (d, J = 8.5 Hz, 2H), 7.18 (d, J =
8.5 Hz, 2H), 7.07 (d, J = 8.9 Hz, 1H), 5.41 (s, 1H), 5.02 (d, J = 3.2 Hz, 1H), 3.36 — 3.30 (m,
1H), 2.90 (g, J = 8.3 Hz, 1H), 2.17 — 1.96 (m, 4H). 3C NMR (100 MHz, CDCls) § = 151.9,
142.0,133.1, 132.5, 130.3, 129.3, 129.0, 128.8, 128.6, 126.8, 123.2, 122.6, 119.0, 109.9, 86.4,
55.7, 50.5, 32.2, 21.1. HRMS (ESI) exact mass calculated for C21H1sCINO* ([M + H]™):
336.1150; Found: 336.1150.

rac-(7aS,11R)-11-(3-Nitro-phenyl)-7a,8,9,10-tetrahydro-11H-7-oxa-10a-aza-cyclopenta
NO, [b]phenanthrene (2.67d): According to GP 2: Betti base 2.66d (0.20 g,
O NQ 0.57 mmol), Ag20 (0.16 g, 0.69 mmol) refluxed for 18 h in p-xylene 3
H MmL. The crude product was subjected to SiO2-column chromatography
OO ° (EtOAC : Hexane, 1 : 40) to afford 2.67d as brown solid (0.16 g, 82% ).
FTIR (KBr): v = 2694, 2839, 1621, 1596, 1529, 119, 1526, 1464, 1346,
1231, 1069, 890, 816, 808, 678 cm™. 'H NMR (400 MHz, CDCls) & = 8.26 (s, 1H), 8.10 (d,
J=7.6Hz, 1H), 7.84 — 7.74 (m, 2H), 7.45 (d, J = 7.5 Hz, 1H), 7.42 — 7.36 (m, 1H), 7.33 —
7.26 (m, 3H), 7.13 - 7.05 (m, 1H), 5.51 (s, 1H), 4.97 (s, 1H), 3.44 — 3.32 (m, 1H), 3.00 — 2.88
(m, 1H), 2.18 — 1.98 (m, 4H). *C NMR (100 MHz, CDCls) & = 152.1, 148.7, 145.7, 134.8,
132.3,129.8,129.3, 129.1, 128.9, 127.0, 124.0, 123.4, 122.5, 122.2, 119.2, 108.9, 86.3, 55.6,
50.6, 32.2, 21.1. HRMS (ESI) exact mass calculated for C2:H19N203* ([M + H]*): 347.1390;
Found: 347.1395.

rac-(7aS,11S)-11-Pyridin-2-yl-7a,8,9,10-tetrahydro-11H-7-oxa-10a-aza-cyclopenta
[b]phenanthrene (2.67¢): According to GP 2: Betti base 2.66e (0.21 g,
~ | N 0.66 mmol), Ag-O (0.18 g, 0.79 mmol) refluxed for 18 h in m-xylene 3
N o H mL. The crude product was subjected to SiO,-column chromatography
OO (EtOAC : Hexane, 1 : 10) to afford 2.67e as brown solid (0.13 g, 65% ).
FTIR (KBr): v =2994, 2961, 2918, 2828, 1622, 1598, 1585, 1464, 1434,
1397, 1269, 1240, 1211, 1134, 991, 898, 835, 820, 767, 749 cm™. 'H NMR (400 MHz, CDCls)
5=8.72-8.70 (m, 1H), 7.75 - 7.71 (m, 2H), 7.50 (td, J = 7.7, 1.6 Hz, 1H), 7.38 — 7.33 (m,
1H), 7.29 — 7.24 (m, 2H), 7.17 — 7.14 (m, 1H), 7.10 (d, J = 8.9 Hz, 1H), 6.97 (d, J = 7.8 Hz,
1H), 5.59 (s, 1H), 5.18 (d, J = 3.2 Hz, 1H), 3.48 — 3.43 (m, 1H), 2.96 (q, J = 8.5 Hz, 1H), 2.27
—1.98 (m, 4H). C NMR (100 MHz, CDClz) § = 162.1, 151.9, 150.2, 136.8, 132.4, 129.3,
129.1, 128.7, 126.7, 123.2, 122.8, 122.5, 122.4, 118.9, 109.6, 86.4, 58.9, 50.9, 32.1, 20.8.

HRMS (ESI) exact mass calculated for C2oH1sN20™ ([M + H]*): 303.1492; Found: 303.1494.
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(7aS,12S)-3-bromo-12-(2-fluorophenyl)-8,9,10,12-tetrahydro-7aH-naphtho[1,2-
e]pyrrolo[2,1-b][1,3]oxazine (2.67f): According to GP 2: Betti base

F
O NQ 2.66f (40 mg, 0.11 mmol), Ag20 (30 mg, 0.13 mmol) stirred at 80 °C
H for 18 h in m-xylene 1 mL. The crude product was subjected to SiO-

OO ° column chromatography (EtOAc : Hexane, 1 : 10) to afford 2.67f as
Br brown solid (25 mg, 60% ). *H NMR (400 MHz, CDCl3z) & =7.88 (s,
1H), 7.62 (d, J = 9.0 Hz, 1H), 7.33 (d, J = 8.9 Hz, 1H), 7.24 — 7.14 (m, 3H), 7.09 (d, J = 9.0
Hz, 1H), 6.90 (t, J = 7.4 Hz, 1H), 6.77 (t, J = 7.5 Hz, 1H), 5.74 (s, 1H), 5.12 (s, 1H), 3.75 —
3.69 (m, 1H), 3.43 — 3.37 (s, 1H), 2.95 — 2.89 (m, 1H), 2.18 — 1.95 (m, 3H). $3C NMR (101
MHz, CDCls) 6 = 160.8 (d, J = 248.4 Hz), 152.8, 130.7, 130.6, 130.5, 130.4, 130.0, 129.9,
129.4 (d, J = 9.1 Hz), 128.4, 124.3, 124.0 (d, J = 4.0 Hz), 120.2, 116.9, 115.9 (d, J = 21.2
Hz), 109.7, 86.6, 50.5, 49.8 (d, J = 4.0 Hz), 32.1, 21.1. HRMS (ESI) exact mass calculated
for C21H1gBrFNO™ ([M + H]*): 398.0550; Found: 398.0557.

2-((7aS,12R)-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-b][1,3]oxazin-12-
OH yl)phenol (2.67g): According to GP 2: Betti base 2.66g (30 mg, 0.09
O NQ mmol), Agz20 (26 mg, 0.11 mmol) stirred at room temperature for 48 h in
o H m-xylene and ethanol (1:1) 2 mL. The crude product was subjected to
OO SiO2-column chromatography (EtOAc : Hexane, 1 : 10) to afford 2.67g
as brown solid (23 mg, 78% ). *H NMR (400 MHz, CDCls) § = 9.95 (s,
1H), 7.79 (dd, J = 15.1, 8.4 Hz, 2H), 7.49 — 7.47 (m, 1H), 7.41 — 7.33 (m, 2H), 7.16 (t, J =
7.7 Hz, 1H), 7.06 (d, J = 8.9 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 6.60 (t, J = 7.5 Hz, 1H), 6.43
(d, J=7.7 Hz, 1H), 5.74 (s, 1H), 5.19 (s, 1H), 3.37 — 3.32 (m, 1H), 2.87 — 2.80 (m, 1H), 2.16
—2.08 (m, 4H). 3C NMR (151 MHz, CDCls) § = 156.9, 150.9, 133.1, 130.0, 129.8, 129.4,
128.9, 128.8, 127.2, 125.8, 123.7, 122.6, 119.9, 118.9, 117.2, 108.3, 86.1, 54.0, 48.3, 32.0,
21.2. HRMS (ESI) exact mass calculated for C21H1oNO2*([M + H]"): 318.1489; Found: 318.

1484.

rac-(7aS,12R)-12-Phenyl-8,9,10,11-tetrahydro-7aH12H-7-oxa-11a-aza-benzo
O [a]Janthracene (2.67h): According to GP 2: Betti base 2.66h (0.10 g, 0.31
’\Q mmol), Ag20 (87 mg, 0.38 mmol) refluxed for 18 h in m-xylene 2 mL.
OO o The crude product was subjected to SiO2-column chromatography (EtOAc
: Hexane, 1 : 50) to afford 2.67h® as colorless solid (0.13 g, 65% ). H
NMR (400 MHz, CDCl3) 6 =7.77 — 7.75 (m, 1H), 7.72 (d, J = 9.0 Hz, 1H), 7.36 — 7.33 (m,
1H), 7.29 — 7.20 (m, 7H), 7.12 (d, J = 8.9 Hz, 1H), 5.15 (s, 1H), 4.89 (m, 1H), 2.91 — 2.80
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(m, 2H), 1.99 — 1.91 (m, 1H), 1.81 — 1.70 (m, 3H), 1.62 — 1.50 (m, 2H). 3C NMR (100 MHz,
CDCl3) 6 =152.4,143.1, 132.4,129.5, 129.0, 128.6, 128.2, 127.2, 126.5, 123.1, 122.9, 118.8,
111.3, 81.5, 62.9, 48.5, 29.6, 25.5, 18.4 (overlap at aromatic region leading to 1 carbon less

in count).

rac-(7aS,12R)-12-(3-Nitro-phenyl)-8,9,10,11-tetrahydro-7aH12H-7-oxa-11a-aza-benzo
NO, [a]anthracene (2.67i): According to GP 2: Betti base 2.66i (0.30 g, 0.82
mmol), Ag20 (0.23 g, 0.99 mmol) refluxed for 18 h in m-xylene 4 mL.
O N The crude product was subjected to SiO2-column chromatography (EtOAc
o} H . Hexane, 1 : 50) to afford 2.67i as yellow solid (0.23 g, 84% ). FTIR
OO (KBr): v = 2959, 2925, 1619, 1596, 1521, 1529, 1465, 1434, 1403, 1346,
1235, 1205, 11193, 1117, 1102, 1070, 999, 971, 931, 816, 808, 719, 665 cm™. *H NMR (400
MHz, CDCl3) 6 =8.25 (s, 1H), 8.11 — 8.06 (m, 1H), 7.82 — 7.79 (m, 1H), 7.77 (d, J = 8.8 Hz,
1H), 7.72 — 7.40 (m, 1H), 7.39 — 7.35 (m, 1H), 7.33 — 7.28 (m, 2H), 7.26 — 7.23 (m, 1H), 7.14
(d, = 9.0 Hz, 1H), 5.20 (s, 1H), 4.76 (t, J = 2.4 Hz, 1H), 2.95 — 2.81 (m, 2H), 2.02 — 1.92
(m, 1H), 1.85 — 1.69 (m, 3H), 1.65 — 1.52 (m, 2H). 1*C NMR (100 MHz, CDCl3) § = 152.5,
148.6, 145.2, 135.5, 132.5, 129.7, 129.1, 129.0, 128.9, 126.9, 124.4, 123.4, 122.4, 122.2,
118.9, 109.7, 81.4, 62.1, 48.5, 29.5, 25.4, 18.2. HRMS (ESI) exact mass calculated for

C22H21N203" ([M + H]*): 361.1547; Found: 361.1549.

rac-(7aS,12R)-12-Phenyl-7a,8,10,11-tetrahydro-12H-7,9-dioxa-11a-aza-

2 benzo[a]anthracene (2.67)): According to GP 2: Betti base 2.66j (0.25 g,
O ng 0.79 mmol), Ag20 (0.22 g, 0.95 mmol) refluxed for 18 h in m-xylene 4
0 H mL. The crude product was subjected to neutral alumina column

chromatography (EtOAc : Hexane, 1 : 40) to afford 2.67j as white solid
(0.11 g, 45% ) along with recovered starting material (66 mg, 26%). FTIR (KBr): v = 3070,
2918, 2863, 1621, 1597, 1465, 1232, 1134, 1126, 1024, 972, 878, 861, 748, 699 cm™. H
NMR (400 MHz, CDCl3) & =7.85 — 7.71 (m, 2H), 7.40 — 7.18 (m, 9H), 5.19 (s, 1H), 4.69 (s,
1H), 4.04 (d, J = 12.1 Hz, 1H), 3.95 (dd, J = 11.1, 3.1 Hz, 1H), 3.85 (td, J = 11.3, 2.5 Hz,
1H), 3.60 (dd, J = 12.1, 1.3 Hz, 1H), 3.17 (td, J = 11.4, 3.5 Hz, 1H), 2.74 (d, J = 11.3 Hz,
1H). C NMR (400 MHz, CDCls3) & = 151.9, 142.1, 132.3, 129.9, 129.8, 129.7, 128.8, 128.8,
127.6,126.8, 123.5,122.8, 119.0, 110.5, 79.8, 68.0, 66.0, 62.1, 46.6. HRMS (ESI) exact mass
calculated for C21H20NO2* ([M + H]™): 318.1489; Found: 318.1492.
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rac-(7aS,12R)-12-(3-Nitro-phenyl)-7a,8,10,11-tetrahydro-12H-7,9-dioxa-11a-aza-benzo
NO, [a]anthracene (2.67k): According to GP 2: Betti base 2.66k (0.20 g, 0.55
O (\o mmol), Ag20 (0.15 g, 0.66 mmol) refluxed for 24 h in m-xylene 2 mL.
N The crude product was subjected to neutral alumina column
OO © chromatography (EtOAc : Hexane, 1 : 10) to afford 2.67k as yellow solid
(0.11 g, 55% ). FTIR (KBr): v = 2975, 2904, 2850, 1624, 1599, 1530,

1519, 1470, 1438, 1348, 1324, 1276, 1259, 1238, 1216, 1166, 1133, 1094, 1057, 977, 943,
879, 858, 814, 750, 738, 715, 686, 671 cm™. *H NMR (400 MHz, CDCls) § = 8.26 (s, 1H),
8.11 (d, J = 7.6 Hz, 1H), 7.82 — 7.793 (m, 2H), 7.42 — 7.37 (m, 2H), 7.33 — 7.21 (m, 4H), 5.25
(s, 1H), 4.57 (s, 1H), 4.06 (d, J = 12.8 Hz, 1H), 3.98 (d, J = 10.0 Hz, 1H), 3.88 (t, J = 11.6
Hz, 1H), 3.61 (d, J = 12.4 Hz, 1H), 3.21 (dt, J = 3.2, J = 11.2 Hz, 1H), 2.80 (d, J =11.2 Hz,
1H). 3C NMR (400 MHz, CDCls3) § = 152.0, 148.7, 144.3, 135.5, 132.2, 130.1, 129.3, 129.1,
127.1, 124.4,123.7, 122.8, 122.1, 119.1, 109,1, 79.4, 68.5, 66.7, 61.6, 47.6. (overlap at 129
leading to 1 carbon less in count). HRMS (ESI) exact mass calculated for C21H19N204" ([M

+ H]"): 363.1339; Found: 363.1339.

rac-(7aS,12R)-9-Methyl-12-(3-nitro-phenyl)-8,9,10,11-tetrahydro-7aH12H-7-oxa-
NO, 9,11a-diaza-benzo [a]anthracene (2.671): According to GP 2: Betti
O (\N/ base 2.661 (66 mg, 0.17 mmol), Ag20 (55 mg, 0.19 mmol) heated under
N% 100 °C for 24 h in m-xylene 2 mL. The crude product was subjected to
o : SiOz-column chromatography (DCM : MeOH 100 : 1) to afford 2.671
OO as yellow solid (38 mg, 58%). FTIR (KBr): v = 2929, 1623, 1529,
1237, 1212, 1159, 1078, 814 cm™. *H NMR (400 MHz, CDCls3) § = 8.25 (s, 1H), 8.13 — 8.08
(m, 1H), 7.82 — 7.78 (m, 1H), 7.77 (d, J = 9.0 Hz, 1H), 7.45 — 7.36 (m, 2H), 7.33 — 7.29 (m,
2H), 7.26 — 7.20 (m, 2H), 5.28 (s, 1H), 4.70 (m, 1H), 3.25 — 3.19 (m, 1H), 3.14 — 3.12 (m,
1H), 2.95 - 2.89 (m, 2H), 2.48 — 2.42 (m, 1H), 2.36 (s, 3H), 2.20 (dd, J = 12.0, 2.0 Hz, 1H).
13C NMR (100 MHz, CDCl3) § = 152.3, 148.6, 144.8, 135.4, 132.1, 129.7, 129.2, 129.1,
128.9, 126.9, 124.3, 1235, 122.6, 122.2, 119.4, 109.3, 79.9, 61.2, 57.5, 54.6, 47.9, 46.1.

HRMS (ESI) exact mass calculated for C22H22N303" ([M + H]*): 376.1656; Found: 376.1672.
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rac-(7aS,13R)-13-Phenyl-7a,8,9,10,11,12-hexahydro-13H-7-oxa-12a-aza-cyclohepta
[b]phenanthrene (2.67m): According to GP 2: Betti base 2.66m (0.50 g,
O ,Q 1.51 mmol), Ag20 (0.42 g, 1.81 mmol) refluxed for 24 h in m-xylene 3
o™ mL. The crude product was subjected to SiO2-column chromatography
OO (EtOAC : Hexane, 1 : 40) to afford 2.67m® as colorless solid (0.39 g, 78%
). TH NMR (400 MHz, CDCl3) § = 7.67 — 7.62 (m, 1H), 7.59 (d, J = 9.0
Hz, 1H), 7.25 — 7.05 (m, 8H), 7.00 (d, J = 8.9 Hz, 1H), 5.18 (s, 1H), 4.76 (t, J = 7.1 Hz, 1H),
3.20 — 3.04 (m, 1H), 2.62 — 2.49 (m, 1H), 2.12 — 2.05 (m, 1H), 1.81 — 1.50 (m, 5H), 1.42 —
1.24 (m, 2H). *C NMR (100 MHz, CDCls) & = 152.9, 143.1, 132.5, 129.2, 128.9, 128.4,
127.9, 127.0, 126.4, 122.8, 122.6, 118.9, 112.6, 85.2, 64.6, 49.7, 33.9, 30.5, 30.2, 21.8

(overlap at aromatic region leading to 1 carbon less in count). HRMS (ESI) exact mass
calculated for C23H24NO™ ([M + H]*): 330.1852; Found: 330.1853.

rac-Oxazene 2.671: According to GP 2: Betti base 2.66n (74 mg, 0.21 mmol), Ag20 (69 mg,
0.26 mmol) refluxed for 24 h in m-xylene 2 mL. The crude product was

O N subjected to SiO2-column chromatography (EtOAc : Hexane, 1 : 40) to
o) A afford 2.67nas light yellow solid (53 mg, 72% ). FTIR (KBr): v = 2963,

OO 2923, 1621, 1596, 1468, 1446, 1404, 1261, 1095, 1920, 1020, 800 cm™.
'H NMR (400 MHz, CDCl3) & = 7.74 — 7.65 (m, 1H), 7.62 (d, J = 9.2 Hz, 1H), 7.26 — 7.12
(m, 8H), 7.01 (d, J = 8.9 Hz, 1H), 5.20 (s, 1H), 4.62 — 4.58 (m, 1H), 3.20 — 3.13 (m, 1H), 2.54
—2.43 (m, 1H), 1.97 — 1.72 (m, 5H), 1.55 — 1.32 (m, 5H). *C NMR (100 MHz, CDCls3) § =
153.7,143.1,133.0,129.6, 129.0, 128.6, 128.2, 127.2,126.6, 123.1, 122.9, 119.2, 112.6, 86.0,
63.7, 47.0, 30.2, 29.9, 26.4, 25.5, 23.9 (overlap at aromatic region leading to 1 carbon less in
count). HRMS (ESI) exact mass calculated for C24H2sNO™ ([M + H]"): 344.2009; Found:

344.2009.

rac-(1R,3S)-2-Ethyl-3-methyl-1-phenyl-2,3-dihydro-1H-naphtho[1,2-e][1,3]oxazine
(2.670): According to GP 2: Betti base 2.660 (0.15 g, 0.49 mmol), Ag.0
O \N .« (0.14 g, 0.59 mmol) stirred in room temperature in m-xylene 2 mL. The
o  Crude product was subjected to SiOz-column chromatography (EtOAc :
OO Hexane, 1 : 40) to afford 2.670 as brown solid (0.11 g, 73% ). FTIR (KBr):
v = 2964, 2925, 2848, 1651, 1623, 1599, 1513, 1499, 1466, 1449, 1411,
1261, 1236, 1171, 1093, 1051, 1030, 849, 808, 755, 735, 696 cm™. H NMR (400 MHz,
CDClz) 6 =7.79 - 7.74 (m, 1H), 7.72 (d, J = 8.8 Hz, 1H), 7.38 — 7.27 (m, 8H), 7.09 (d, J =
8.9 Hz, 1H), 5.40 (s, 1H), 4.95 (g, J = 6.0 Hz, 1H), 3.15—3.06 (m, 1H), 2.52 — 2.43 (m, 1H),
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1.43 (d, J = 6.1 Hz, 3H), 1.29 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3) & = 153.5,
143.4,133.1, 129.6, 129.1, 128.7, 128.2, 127.2, 126.6, 123.7, 122.9, 118.8, 111.8, 82.6, 59.2,
39.3, 18.8, 15.1 (overlap at aromatic region leading to 1 carbon less in count). HRMS (ESI)
exact mass calculated for C21H2NO™ ([M + H]™): 304.1696; Found: 304.1693.

rac-(1R,3S)-2-Benzyl-1,3-diphenyl-2,3-dihydro-1H-naphtho[1,2-e][1,3]oxazine (2.67p):
O (F’h According to GP 2: Betti base 2.66p (1.10 g, 2.56 mmol), Ag20 (0.71
NT\Ph mg, 3.07 mmol) refluxed 20 h in m-xylene 10 mL. The crude product was
o subjected to SiO»-column chromatography (EtOAc : Hexane, 1 : 40) to
OO afford 2.67p** as light yellow solid (1.04 g, 95% ). FTIR (KBr): v =
3022, 2917, 2898, 2881, 2837, 1623, 1597, 1515, 1493, 1466, 1448, 1433, 1396, 1337, 1037,
1233, 1124, 1102, 1066, 1027, 990, 974, 941, 923, 814, 750, 736, 695, cm™. *H NMR (400
MHz, CDCl3) 6 = 7.83 — 7.81 (m, 1H), 7.70 — 7.68 (m, 1H), 7.43 — 7.20 (m, 19H), 5.99 (s,
1H), 5.39 (s, 1H), 3.90 (d, J = 13.9 Hz, 1H), 3.38 (d, J = 13.9 Hz, 1H). 3C NMR (100 MHz,
CDCl3) 6=152.8,143.2, 139.5, 138.2,133.4, 129.5, 129.4, 129.3, 128.7, 128.5, 128.4, 128.3,
128.1, 127.4, 126.8, 126.6, 123.6, 123.2, 119.0, 112.2, 85.7, 58.1, 49.8 (overlap at aromatic
region leading to 2 carbon less in count). HRMS (ESI) exact mass calculated for C31HsNO*
(IM + H]"): 428.2009; Found: 428.2010.

2-Benzyl-1-phenyl-2,3-dihydro-1H-naphtho[1,2-e][1,3]oxazine (2.67q) and rac-(1R,3S)-
2-Methyl-1,3-diphenyl-2,3-dihydro-1H-naphtho[1,2-e][1,3]oxazine (2.67q’): According
to GP 2: Betti base 2.66q (0.26 g, 0.73 mmol), Ag20 (0.20 g, 0.87 mmol) refluxed 16 h in m-
xylene 3 mL. SiO2-column chromatography (EtOAc : Hexane, 1 : 40) to afford diasteriomeric
mixtures of 2.67q & 2.67q’ as colorless solid (0.19 g, 76% ). The isomeric ratio (2.67q :
2.67q’, 1: 2.6 ) was determined from H-NMR of the crude product. Diastereomers were
further purified for analytical purpose.

2.67q: FTIR (KBr): v = 3025, 2997, 2983, 2918, 2852, 16222, 1599, 1511, 1492, 1468, 1451,
O fPh 1435, 1402, 1253, 1242, 1226, 1210, 1179, 1141, 1062, 978, 954, 920, 903,
NT 815, 755, 746 cm™. 'H NMR (400 MHz, CDCl3) 5 = 7.80 — 7.74 (m, 2H),

O  7.47-7.44 (m, 2H), 7.40 — 7.34 (m, 2H), 7.32 — 7.19 (m, 7H), 7.18 - 7.11

OO (m, 3H), 5.26 (s, 1H), 4.88 (d, J = 10.2 Hz, 1H), 4.71 (dd, J = 10.2, 1.7 Hz,
1H), 4.12 (d, J = 13.3 Hz, 1H), 3.94 (d, J = 13.3 Hz, 1H). '3C NMR (100 MHz, CDCl3) & =

11 Zhang, Y.; Li, Y. H. Acta Cryst. 2009, E65, 01796.

115



152.1, 143.0, 138.7, 133.0, 129.5, 129.4, 129.3, 129.2, 128.7, 128.6, 128.3, 127.7, 127.4,
126.7, 123.4, 122.8, 118.8, 111.8, 77.9, 57.9, 57.0. HRMS (ESI) exact mass calculated for
CasH22NO™ ([M + H]™): 352.1696; Found: 352.1698.

2.67q’: FTIR (KBr): v = 3060, 3027, 2885, 2798, 1625, 1597, 1512, 1396, 1333, 1232, 1128,

O | , 989, 942, 923, 810, 751, 705, 670 cm™. *H NMR (400 MHz, CDCls) §

bR =7.81-7.78 (m, 2H), 7.54 — 7.52(m, 2H), 7.45 — 7.20 (m, 12H), 5.77 (s,

OO ° 1H), 5.40 (s, 1H), 2.36 (s, 3H). 1*C NMR (400 MHz, CDCl3) & = 152.4,

143.2, 138.1, 133.2, 129.6, 129.3, 128.7, 128.3, 128.2, 128.0, 127.5,

126.7, 126.6, 123.5, 123.1, 119.0, 112.1, 85.4, 63.2, 35.0 (overlap at aromatic region leading

to 1 carbon less in count). HRMS (ESI) exact mass calculated for CosH22NO™ ([M + H]):
352.1696; Found: 352.1694.

3-Phenylmorpholine (2.79): Phenylmagnesiumbromide (1 M in THF, 1.89 mL, 1.89 mmol)

o was added dropwise to a powdered oxazine 2.67j (0.20 g, 0.63 mmol) at 0 °C
[N l : under argon atmosphere. Then the mixture was stirred at room temperature

H for 18 h. Then the reaction was quenched by adding saturated aquoues
solution of NH4Cl. The mixture was extracted (3 X 20 mL) with EtOAc. The combined
organic layers were dried (Na2SO4) and concentrated in vaccuo. The crude product was
solidified over long (3 days) standing and solid was washed with ice cold hexane: ethyl
acetate 3:1 (5 X 2 mL) to afford the desired amino naphthol (0.21 g, 85%) as white solid.
HRMS (ESI) exact mass calculated for C27H26NO2" ([M + H]*): 396.1958; Found: 396.1968.
Amino naphthol (48 mg, 0.12 mmol) was added to an aqueous solution of NaOH (6 M, 0.12
mL) in THF (0.26 mL) and methanol (0.26 mL). Then the was stirred for 10 h at 80 °C. After
the disappearance of the starting material indicated from TLC, the reaction mixture was
cooled to room temperature, extracted with diethyl ether (3 X 10 mL). The combined organic
layers were dried over Na>SQO4, concentrated in vacuum and the crude product was subjected
to neutral alumina column chromatography (DCM : MeOH 500 : 1) to afford 2.79 (12 mg,
61% ) as colorless oil. FTIR (KBr): v = 3283, 2973, 2850, 1603, 1493, 1455, 1442, 1340,
1316, 1300, 1107, 1075, 908, 880, 885, 756, 700, 647, 525 cm™. *H NMR (400 MHz, CDCls)
8 =7.40 — 7.28 (m, 5H), 3.94 — 3.81 (m, 3H), 3.66 (td, J = 11.3, 2.7 Hz, 1H), 3.40 (dd, J =
11.0, 10.2 Hz, 1H), 3.13 (td, J = 11.6, 3.3 Hz, 1H), 3.02 — 2.97 (m, 1H). 3C NMR (100 MHz,
CDCls) 6 = 140.7, 128.7, 127.9, 127.3, 73.8, 67.4, 60.7, 46.8. HRMS (ESI) exact mass
calculated for C1o0H14NO™ ([M + H]"): 164.1070; Found: 164.1075.
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Procedure for one pot synthesis of oxazines 2.67d: 2-naphthol (0.20 g, 1.38 mmol) was
added to a solution of pyrrolidine (0.11 mL, 1.38 mmol) and 3-nitrobenzadehyde (0.21 g,
1.38 mmol) in xylene and the mixture was stirred under 100 °C for 24 h. Then the reaction
mixture was cooled to room temperature. Silver oxide (0.48 g, 2.07 mmol) was added, the
mixture was heated to reflux and stirred for another 24 h at that temperature. Then the reaction
mixture was cooled, filtered through a pad of celite and the celite cake was washed with
ethylacetate (3 X 10 mL). The combined solvents were removed under vacuum and the crude
product was subjected to SiO2 column chromatography (EtOAc : Hexane, 1 : 15) to afford
the oxazine 2.67d as yellow solid (0.27 g, 57%). The analytical data is the same as described

before.

One pot synthesis of oxazines 2.67i: One pot functionalization of piperidine followed the
same procedure as described for 2.67d. 2-Naphthol (0.20 g, 1.38 mmol), piperidine (0.14 mL,
1.38 mmol), 3-nitrobenzaldehyde (0.21 g, 1.38 mmol), Ag20 (0.48 g, 2.07 mmol) in 2 mL
xylene and SiOz-column chromatography (EtOAc : Hexane, 1 : 15) to afford 2.67i as solid
(0.24 g, 48%). The analytical data is the same as described before.

7.2.1 Crystal Data:

Crystal data for 2.67°

Table 1: Crystal data and structure refinement for 2.67

Empirical formula Cz1 Hio N O
Formula weight 301.37
Crystal habit, colour needle / yellowish
Crystal size, mm3 0.35 X 0.30 X 0.24 mm
Temperature, T 296 (2) K
Wavelength, A(A) 0.71073
Crystal system monoclinic
Space group "P2(1)/c’
Unit cell dimensions a = 9.7033(6)A
b = 6.1115(4)A
c = 26.7428(16)A
a = 90.00°, y = 90.00°, B =
97.569(3)°
Volume, V(A3) 1572.08(17)
Z 4
Calculated density, Mg -m3 1.273
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Absorption coefficient, p(mm™)

0.078

F(000) 640

0 range for data collection 1.54° to 28.34°

Limiting indices -12 £ h £ 12, -8 k<7, =355 1 <

35

Reflection collected / unique 23369 / 2056 [R(int) = 0.1541]
Completeness to 6 99.6% (0 = 28.34°)

Refinement method "SHELXL-97 (Sheldrick, 1997)'
Data / restraints / parameters 2056 / 0 / 208

Goodness—of-fit on F? 1.067

Final R indices [I>2sigma (TI) ] Rl = 0.0524, wR2 = 0.1054

R indices (all data) Rl = 0.0950, wR2 = 0.1129
Largest diff. peak and hole 0.186and — 0.217e A3
Crystal data for 2.67a
Table 2: Crystal data and structure refinement for 2.67a (CCDC
952462)

Empirical formula
Formula weight
Crystal habit, colour
Crystal size, mm?3
Temperature, T
Wavelength A(A)
Crystal system

Space group

Unit cell dimensions

Volume, V(A3)

V4

Calculated density,
Absorption coefficient,
F(000)

6@ range for data collection
Limiting indices

Mg ‘m3
p (mmt)

Reflection collected / unique

Completeness to #

Refinement method

Data / restraints / parameters
Goodness—of—-fit on F?

Final R indices [I>2sigma (I) ]

R indices (all data)

Largest diff. peak and hole

Cz2 Ho1 N O
331.40

columer / colorless

0.52 x 0.44 x
296 (2) K
0.71073
triclinic

704
0.62°
-6 < h £ g,
30

14886 / 2306 [
98.5% (# = 19.
'SHELXL—-97 (Sh
2306 / 0 / 453
1.149

Rl = 0.0728,
R1 = 0.0901,
0.243 and -0.2

i %

wR2
wR2 =

0.38 mm

to 19.90°

< k £8,
R(int) =
9°)
eldrick,

0.2107
0.2190

62e -A3

, v = 72.066(6)°,

-31< 1 <

0.1751]

1997)"
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Crystal data for 2.67d

Table 3: Crystal data and structure refinement for 2.67d

Empirical formula C21 Hig Nz O3
Formula weight 346.37
Crystal habit, colour needle / yellowish
Crystal size, mm3 0.36X 0.32 X 0.28 mm
Temperature, T 296 (2) K
Wavelength, A(A) 0.71073
Crystal system orthorhombic
Space group "Pca2 (1)’
Unit cell dimensions a = 8.7131(5) A
b = 15.5575(8) A
c =12.8693(7) A
a = 90.00°, y = 90.00°, B =
94.061(2)°
Volume, V(A3) 1744 .49 (16)
Z 4
Calculated density, Mg -m3 1,319
Absorption coefficient, p(mm) 0.089
F(000) 728
6@ range for data collection 2.62° to 30.47°
Limiting indices -12 £ h £ 10, -18 < k £ 22, -18<
1< 18
Reflection collected / unique 25522 / 3862 [R(int) = 0.0349]
Completeness to 6 97.9% (6 = 30.47°)
Refinement method 'SHELXL—97 (Sheldrick, 1997)'
Data / restraints / parameters 3862 / 0 / 235
Goodness—of—-fit on F? 0.686
Final R indices [I>2sigma (TI) ] Rl = 0.0407, wR2 = 0.1124
R indices (all data) Rl = 0.0577, wR2 = 0.1297
Largest diff. peak and hole 0.177 and —-0.137e ‘A3

Crystal data for 2.67e

Table 4: Crystal data and structure refinement for 2.67e (CCDC

952463)

Empirical formula Cz20 Hig N2 O

Formula weight 302.36

Crystal habit, colour needle / colorless
Crystal size, mm3 0.36 x 0.32 x 0.28 mm
Temperature, T 296(2) K

Wavelength A(A) 0.71073

Crystal system monoclinic

Space group P 21/c’

Unit cell dimensions a = 10.5276(5)A

b = 8.3530(4)A
c = 18.0400(8)A
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Volume, V(A3)

Z

Calculated density, Mg -m3
Absorption coefficient, p(mm™)
F(000)

0 range for data collection
Limiting indices

Reflection collected / unique

Completeness to #

Refinement method

Data / restraints / parameters
Goodness—of-fit on F?

Final R indices [I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

o = 90.00°, y = 90.00°, B =
101.988(3)°
1551.79(13)

4

1.294

0.081

640

1.98° to 28.23°

-13 £ h £ 13, -8 £ k
1< 22

15036 / 1693 [R(int) = 0.0368]
90.0% (0 = 28.23°)

'"SHELXL—97 (Sheldrick, 1997)'
1693 / 0 / 208

0.975

Rl = 0.0529, wR2 = 0.1046

Rl = 0.1305, wR2 0.1285

0. 133 and —-0.174e A3

IN

11, -1e<

Crystal data for 2.67g

Table 5: Crystal data and structure refinement for 2.67g

Empirical formula
Formula weight
Crystal habit, colour
Crystal size, mm?3
Temperature, T
Wavelength, A(A)
Crystal system

Space group

Unit cell dimensions

Volume, V(A3)

Z

Calculated density, Mg -m3
Absorption coefficient, p(mm™)
F(000)

0@ range for data collection
Limiting indices

Reflection collected / unique

Completeness to 6

Refinement method

Data / restraints / parameters
Goodness—of—-fit on F?

Final R indices [I>2sigma (I) ]

R indices (all data)

Largest diff. peak and hole

C21 N Oz His

317.14

needle / colorless
0.34 X 0.26 X 0.22 mm
293(2) K
0.71073
orthorhombic
'"P b c a'

a = 17.556(2
b = 6.0965(9
c = 30.651(3
o = 90.00°,
3280.6(7)

8

1.005

0.073

1048

2.90 to 25.00°

-20 £ h £ 13, -7 < k< 6, —-36
33

7467 / 1151 [R(int) = 0.1069]
99.8% (€ = 25.00°)

'SHELXL-97 (Sheldrick, 1997)"
1151/0/219

0.956

Rl = 0.0762, wR2 = 0.1457

Rl = 0.1807, wR2 = 0.1985
0.178 and -0.273e A3

Il e o Mo

)
)
)
6

90.00°, v = 90.00°
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Crystal data for 2.67h°

Table 6: Crystal data and structure refinement for 2.67h

Empirical formula Cy2 Ho1 N O
Formula weight 315.40
Crystal habit, colour needle / colorless
Crystal size, mm3 0.28 X 0.26 X 0.20 mm
Temperature, T 296 (2) K
Wavelength, A(A) 0.71073
Crystal system monoclinic
Space group "P21/n"
Unit cell dimensions a = 10.2330(6)A
b = 10.1943(6)A
c =16.2308(9)A
o = 90.00°, y = 90.00°, B =
97.754(5)°
Volume, V(A3) 1677.69(17)
A 4
Calculated density, Mg -m3 1.249
Absorption coefficient, p(mm) 0.076
F(000) 672
6@ range for data collection 2.99° to 25.00°
Limiting indices -12 < h £ 12, -12 £ k £ 11, -19< 1
< 18
Reflection collected / unique 5971 / 1961 [R(int) = 0.0366]
Completeness to 6 99.8% (6 = 25.00°)
Refinement method 'SHELXL—97 (Sheldrick, 1997)'
Data / restraints / parameters 1961 / 0 / 217
Goodness—of-fit on F? 1.099
Final R indices [I>2sigma (TI) ] Rl = 0.0525, wR2 = 0.1267
R indices (all data) Rl = 0.0814, wR2 = 0.1503
Largest diff. peak and hole 0.144and —-0.186e -A3

Crystal data for 2.67i

Table 7: Crystal data and structure refinement for 2.67i (CCDC

952465)

Empirical formula C22 Hzo N2 O3

Formula weight 360.40

Crystal habit, colour needle / yellow
Crystal size, mm3 0.38 x 0.32 x 0.28 mm
Temperature, T 296(2) K

Wavelength A(A) 0.71073

Crystal system orthorhombic

Space group "Pcaz2 (1)’

Unit cell dimensions a = 8.8679(18)A

b = 15.764 (3)A
c = 13.088(3)A
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Volume, V(A3)

Z

Calculated density, Mg -m™3
Absorption coefficient, p(mm™)
F(000)

0 range for data collection
Limiting indices

Reflection collected / unique

Completeness to #

Refinement method

Data / restraints / parameters
Goodness—of-fit on F?

Final R indices [I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

a = 90.00°,
90.00°
1829.7(7)

4

1.308

0.088

760

2.58° to 27.59°

-11 £ h £11, =20 £ k£ 2
1< 16

19032 / 2632 [R(int) = 0.
98.6% (O = 27.59°)

y = 90.00°, 8

'SHELXL—-97 (Sheldrick, 19
2632 / 0 / 244

1.011

Rl = 0.0456, wR2 = 0.0855
R1 = 0.0825, wR2 = 0.1078

0. 282 and —0.280 A3

0, -1le<

0680]

97)"

Crystal data for 2.67j

Table 8: Crystal data and structure refinement for 2.67j (CCDC
952460)
Empirical formula Co1 Hi9 N O
Formula weight 317.37
Crystal habit, colour needle / colorless
Crystal size, mm?3 0.24 x 0.22 x 0.18 mm
Temperature, T 293 (2) K
Wavelength A(A) 0.71073
Crystal system monoclinic
Space group 'P 21/n"'
Unit cell dimensions a = 16.6693(12)A
b = 6.1313(3)A
c = 17.7664(17)A
o = 90.00°, y = 90.00°, B =
115.984(11)°
Volume, V(A3) 1632.3(2)
Z 4
Calculated density, Mg -m3 1.291
Absorption coefficient, p(mm) 0.083
F(000) 672
0 range for data collection 3.45° to 25.00°
Limiting indices -18 £ h £ 19, -65 k<7, -21< 1
<10
Reflection collected / unique 5126 / 1946 [R(int) = 0.0485]
Completeness to 6 97% (0 = 25.00°)
Refinement method '"SHELXL—97 (Sheldrick, 1997)'
Data / restraints / parameters 1946 / 0 / 217
Goodness—of—-fit on F? 1.091
Final R indices [I>2sigma (I) ] Rl = 0.0550, wR2 = 0.1233
R indices (all data) Rl = 0.0817, wR2 = 0.1407

Largest diff. peak and hole

0. 216 and —-0.211e-A73
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Crystal data for 2.67m°

Table 9: Crystal data and structure refinement for 2.67m

Empirical formula Cz3 Hozs N O
Formula weight 329.42
Crystal habit, colour needle / yellowish
Crystal size, mm3
Temperature, T 296 (2) K
Wavelength, A(A) 0.71073
Crystal system monoclinic
Space group 'P2(1)/n'
Unit cell dimensions a = 13.6779(8)A
b = 15.7357 (9) A
c = 17.4244(11)4
a = 90.00°, y = 90.00°, B =
106.959 (4)
Volume, V(A3) 3587.2 (4)
Z 8
Calculated density, Mg -m3 1.220
Absorption coefficient, p(mm) 0.074
F(000) 1408
6@ range for data collection 1.68° to 21.74°
Limiting indices -14 £ h £ 14, -16 < k £ 16, -18< 1
< 18
Reflection collected / unique 27568 / 2665 [R(int) = 0.1065]
Completeness to 6 98.4% (6 = 21.74°)
Refinement method 'SHELXL—97 (Sheldrick, 1997)'
Data / restraints / parameters 2665 / 0 / 451
Goodness—of—-fit on F? 1.022
Final R indices [I>2sigma (TI) ] Rl = 0.0598, wR2 = 0.1531
R indices (all data) Rl = 0.1037, wR2 = 0.1890
Largest diff. peak and hole 0.738and —-0. 670e A3

Crystal data for 2.67n

Table 10: Crystal data and structure refinement for 2.67n (CCDC

952458)
Empirical formula Coq Hys N O
Formula weight 343.45
Crystal habit, colour needle / yellowish
Crystal size, mm3 0.38 x 0.28 x 0.24 mm
Temperature, T 293(2) K
Wavelength A(A) 0.71073
Crystal system orthorhombic
Space group "Pbca'
Unit cell dimensions a = 15.2770(6)A
b = 12.2434(5)A
c = 20.3925(10)A
o = 90.00°, y = 90.00°, B =
90.00°
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Volume, V(A3)

Z

Calculated density, Mg -'m3
Absorption coefficient, p(mm™)
F(000)

6@ range for data collection
Limiting indices

Reflection collected / unique

Completeness to 6

Refinement method

Data / restraints / parameters
Goodness—of—-fit on F?

Final R indices [I>2sigma (TI) ]

R indices (all data)

Largest diff. peak and hole

3814.3(3)

8

1.196

0.072

1472

3.14° to 28.78°

-19 £ h £ 20, -11 € k £ 16, -25<
1< 19

10757 / 2091 [R(int) = 0.0506]
88.2% (6 = 28.78°)

"SHELXL-97 (Sheldrick, 1997)"'
2091 / 0 / 235

0.908

Rl = 0.0708, wR2 = 0.2398

Rl = 0.1561, wR2 = 0.3194

0. 143 and —-0.172e A3

Crystal data for 2.670

Table 11: Crystal data and structure refinement for 2.670

952464)

(CCDC

Empirical formula
Formula weight
Crystal habit, colour
Crystal size, mm3
Temperature, T
Wavelength A(A)
Crystal system

Space group

Unit cell dimensions

Volume, V(A3)

Z

Calculated density, Mg -m3
Absorption coefficient, p(mm™)
F(000)

0@ range for data collection
Limiting indices

Reflection collected / unique

Completeness to 6

Refinement method

Data / restraints / parameters
Goodness—of-fit on F?

Final R indices [I>2sigma (I) ]

R indices (all data)

Largest diff. peak and hole

Cz1 Ha1 N O

303.39

needle / yellowish
0.32 x 0.28 x 0.22 mm
296 (2) K
0.71073
monoclinic

'P 1 21/c 17
a = 8.4433(3)
b 11.6711 (4
@ 17.1926 (6
o = 90.00°, y
94.061(2)°
1689.95(10)

4

1.192

0.073

648

2.11° to 25.00°

-10 < h £ 10, -13 € k < 13, -20<
1< 20

19899 / 1258 [R(int) = 0.1741]
99.9% (6 = 25.00°)

'SHELXL—-97 (Sheldrick, 1997)'"
1258 / 0 / 210

0.89

Rl = 0.0479, wR2 0.0644

Rl = 0.1216, wR2 = 0.0732

0.125 and —0.148e -A3

o
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Crystal data for 2.67p!

Table 12: Crystal data and structure refinement for 2.67p

Empirical formula Cs1 Hzs N O
Formula weight 427.52
Crystal habit, colour needle / colorless
Crystal size, mm3 0.28 X 0.20 X 0.18 mm
Temperature, T 296 (2) K
Wavelength, A(A) 0.71073
Crystal system monoclinic
Space group "P2(1)/n'"
Unit cell dimensions a = 9.06410(10)A
b = 23.4826(4)A
c = 10.6362(2)A
o = 90.00°, y = 90.00°, B =
97.5920(10)
Volume, V(A3) 2244 .06 (6)
Z 4
Calculated density, Mg -m3 1.265
Absorption coefficient, p(mm?) 0.076
F(000) 904
6@ range for data collection 1.73° to 38.46°
Limiting indices -15 £ h £ 14, -40 < k £ 41, -18< 1
< 17
Reflection collected / unique 52477 / 6098 [R(int) = 0.0447]
Completeness to 6 94.1% (6 = 38.46°)
Refinement method 'SHELXL—97 (Sheldrick, 1997)'
Data / restraints / parameters 6098 / 0 / 298
Goodness—of—-fit on F? 1.043
Final R indices [I>2sigma (I)] Rl = 0.0597, wR2 = 0.1552
R indices (all data) Rl = 0.1251, wR2 = 0.1830
Largest diff. peak and hole 0. 336and —0.189e ‘A3
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7.3 Iterative C(sp®)-H Functionalization for the Syntheses of Difunctionalized
Secondary Aliphatic Amines

General procedure for First C-C bond formation (GP 3):

Oxazine (0.3 mmol) was taken in an oven-dried round bottom flask and flashed with argon
atmosphere. Suitable Grignard reagent (1M in THF, 0.95 mL) was added dropwise to the
oxazine at -3 °C. After completion of the reaction (monitored by TLC), the reaction was
quenched with saturated NH4Cl solution (3 mL) and extracted with ethyl acetate (3 X 5 mL).
The combined organic layers were dried (over anhydrous Na,SOa), concentrated under
vacuum and the residue was subjected to neutral alumina column chromatography to get the

analytically pure compound.

1-((2-benzylpyrrolidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.88a): According to GP 3:
To the oxazine 3.87a (0.25 g, 0.83 mmol), benzylmagnesium chloride (1 M
in THF, 2.5 mL, 2.5 mmol) was added dropwise at -3 °C and the mixture
was stirred for 1 h under argon atmosphere. The crude product was

O N subjected to neutral alumina column chromatography (EtOAc : Hexane, 1

OH : 80) to afford the desired amino naphthol 3.88a as white solid (0.30 g,

OO 92%). FTIR (KBr): v = 3439, 3058, 2962, 2920, 2832, 1619, 1599, 1518,

1466, 1452, 1405, 1270, 1234, 1104, 1089, 951, 816, 758, 743, 701 cm™. *H NMR (400 MHz,

CDCl3) §=14.13 (s, 1H), 7.84 — 7.82 (m, 1H), 7.71 — 7.67 (m, 4H), 7.37 — 7.26 (m, 4H), 7.24

—7.09 (m, 5H), 6.62— 6.60 (m, 2H), 5.42 (s, 1H), 3.27 (br. s, 2H), 2.66 — 2.59 (m, 1H), 2.50
—2.47 (m, 1H), 2.34—2.28 (m, 1H), 1.91 — 1.75 (m, 3H), 1.68 — 1.62 (m, 1H). *C NMR (101

MHz, CDCl3) 6 = 155.9, 140.5, 139.4, 132.0, 129.9, 129.8, 129.2, 129.0, 128.9, 128.7, 128.4,

128.4, 126.6, 126.2, 122.5, 121.1, 120.2, 116.9, 71.1, 62.8, 55.9, 43.1, 29.9, 23.7. HRMS

(ESI) exact mass calculated for C2sH2sNO* ([M+H]"): Cal: 394.2165; Found: 394.2165.

1-(phenyl(2-phenylpyrrolidin-1-yl)methyl)naphthalen-2-ol (3.88b): According to GP 3:
To the oxazine 3.87a (0.40 g, 1.32 mmol), phenylmagnesium bromide (1

M in THF, 3.9 mL, 3.9 mmol) was added dropwise at 0 °C under argon

O N atmosphere for 30 min. The crude product was subjected to neutral alumina
oH column chromatography (EtOAc : Hexane, 1 : 80) to afford the desired

OO amino naphthol 3.88b as white solid (0.45 g, 90%). FTIR (KBr): v = 3413,
3059, 3026, 2967, 2869, 1620, 1600, 1583, 1519, 1465, 1450, 1415, 1266, 1234, 1079, 951,
810, 758, 694 cm™. *H NMR (400 MHz, CDCls) § = 14.17 (s, 1H), 7.72 (d, J = 7.9 Hz, 1H),
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7.67 — 7.63 (m, 2H), 7.34 — 7.29 (m, 3H), 7.21 — 7.14 (m, 2H), 7.04 — 7.03 (m, 3H), 6.93 —
6.91 (M, 3H), 6.78 — 6.77 (M, 2H), 5.28 (s, 1H), 3.96 (br. s, 1H), 3.36 (br. s, 1H), 2.72 — 2.66
(m, 1H), 2.39 — 2.32 (m, 1H), 2.13 — 2.03 (m, 1H), 1.99 — 1.86 (M, 2H). 13C NMR (101 MHz,
CDCl3) 6 = 155.6, 140.0, 131.8, 129.6, 129.4, 128.9, 128.6, 128.1 (2C), 128.1, 127.7, 126.9,
126.4,126.3,122.4,121.2,119.9, 117.0, 70.7, 66.5, 55.2, 35.4, 24.1. HRMS (ESI) exact mass
calculated for Co7H26NO™ ([M+H]): Cal: 380.2009; Found: 380.20009.

1-((2-isopropylpyrrolidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.88c): According to GP
3: To the oxazine 3.87a (0.15 g, 0.49 mmol), isopropylmagnesium chloride
O N (2 M in THF, 0.74 mL, 0.74 mmol) was added dropwise at -3 °C and the
on mixture was stirred for 2 h under argon atmosphere. The crude product was
OO subjected to neutral alumina column chromatography (EtOAc : Hexane, 1
: 80) to afford an inseparable mixture of diastereomers (1 : 0.05 ratio) of
amino naphthol 3.88c as white solid (0.15 g, 89%). Following analytical data are given for
major isomer. FTIR (KBr): v = 3449, 2970, 2839, 1647, 1622, 1470, 1414, 1268, 1259, 1236,
1100, 1015, 949, 813, 741, 699 cm™. *H NMR (400 MHz, CDCl3) § = 14.59 (s, 1H), 7.77 (d,
J =8.6 Hz, 1H), 7.68 — 7.65 (m, 2H), 7.58 (d, J = 7.4 Hz, 2H), 7.34 — 7.30 (m, 1H), 7.24 —
7.16 (m, 5H), 5.31 (s, 1H), 3.21 — 3.16 (m, 1H), 2.95 — 2.91 (m, 1H), 2.65 — 2.59 (m, 1H),
1.86 — 1.75 (m, 2H), 1.75 — 1.66 (m, 2H), 1.07 — 1.01 (m, 1H), 0.77 (d, J = 6.7 Hz, 3H), 0.53
(d, J = 6.8 Hz, 3H). 3C NMR (101 MHz, CDCls) & = 155.9, 140.1, 131.9, 129.7, 129.6, 128.9,
128.5,128.5,128.1,126.4, 122.3,120.9, 120.0, 117.1, 71.2, 66.3, 55.7, 30.7, 25.4, 24.1, 20.3,
16.1. HRMS (ESI) exact mass calculated for C2sH2sNO™ ([M+H]*): Cal: 346.2165; Found:
346.2161.

1-((2-allylpyrrolidin-1-yl)(phenyl)methyl)naphthalen-2-ol  (3.88d):  Allylmagnesium
N bromide was prepared by the reaction of allyl bromide (1.66 mmol) and
magnesium (1.72 mmol) in dry THF (1.66 mL). After disappearance of the

O N magnesium the freshly prepared allylmagnesium bromide was added (1.5
oH mL) dropwise to a powdered oxazine 3.87a (50 mg, 0.17 mmol) at 0 °C

OO under argon atmosphere. Then the mixture was slowly allowed to reach to
room temperature and stirred for 16 h. The crude was subjected to neutral alumina column
chromatography (EtOAc : Hexane, 1 : 60) to afford an inseparable mixture of diastereomers
(1:0.30 ratio) of amino naphthol 3.88d (44 mg, 78%) as light yellow oil. Following analytical
data are given for major isomer. FTIR (KBr): v = 3453, 3062, 2964, 2850, 1639, 1622, 1600,
1584, 1520, 1495, 1454, 1266, 1235, 949, 813, 744, 702 cm™. *H NMR (400 MHz, CDCls) &
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= 14.04 (s, 1H), 7.80 (d, J = 8.5 Hz, 1H), 7.70 — 7.66 (m, 2H), 7.63 — 7.61 (m, 2H), 7.36 —
7.32 (m, 1H), 7.18 (m, 5H), 5.57 — 5.46 (m, 1H), 5.36 (s, 1H), 4.96 (d, J = 10.1 Hz, 1H), 4.82
(d, J = 17.2 Hz, 1H), 3.13 (br. s, 2H), 2.64 — 2.57 (m, 1H), 2.05 — 1.97 (m, 1H), 1.85 — 1.68
(m, 5H). 3C NMR (101 MHz, CDCls) & = 155.7, 140.2, 135.0, 131.8, 129.6 (2C), 128.9,
128.6 (2C), 128.1, 127.7, 126.4, 122.3, 120.9, 119.9, 117.3, 60.5, 29.9, 29.7, 23.4, 22.7, 21.7.
HRMS (ESI) exact mass calculated for CasH2sNO* ([M+H]"): Cal: 344.2009; Found:
344.2001.

1-(phenyl(2-vinylpyrrolidin-1-yl)methyl)naphthalen-2-ol (3.88e): According to GP 3: To
7t the oxazine 3.87a (0.10 g, 0.33 mmol), vinylmagnesium bromide (1 M in
O THF, 0.66 mL, 0.66 mmol) was added dropwise at -3 °C and the mixture
N was stirred for 6 h under argon atmosphere. The crude product was
OO OH subjected to SiOz-column chromatography (EtOAc : Hexane, 1 : 60 with
EtsN 0.1 mL/100 mL) to afford an inseparable mixture of diastereomers (1
: 0.50 ratio) of amino naphthol 3.88e as yellowish solid (94 mg, 86%). Following analytical
data are given for major isomer. FTIR (KBr): v = 3442, 2919, 2844, 1647, 1622, 1601, 1467,
1453, 1423, 1267, 1236, 813, 744, 700 cm™. *H NMR (400 MHz, CDCls) § = 13.91 (s, 1H),
7.81 (d, J =8.6 Hz, 1H), 7.67 — 7.63 (m, 2H), 7.56 — 7.54 (m, 2H), 7.34 — 7.30 (m, 1H), 7.19
—7.12 (m, 5H), 5.59 (br. 1H), 5.39 (s, 1H), 4.75 — 4.71 (m, 1H), 4.42 (d, J = 16.8 Hz, 1H),
3.54 (br. s, 1H), 2.66 — 2.52 (m, 2H), 2.14 — 1.99 (m, 1H), 1.85 — 1.75 (m, 3H). *C NMR
(101 MHz, CDCls) 6 = 156.1, 141.0, 140.8, 131.9, 129.6, 129.5, 129.0, 128.9, 128.7, 128.6,
128.0,126.4,122.4,121.2,119.9, 116.7, 68.5, 64.3, 51.6, 31.7, 21.9. HRMS (ESI) exact mass
calculated for C23H24NO™ ([M+H]"): Cal: 330.1852; Found: 330.1848.

1-(phenyl(3-phenylmorpholino)methyl)naphthalen-2-ol (3.88f): According to GP 3: To
the oxazine 3.87d (0.12 g, 0.38 mmol), phenylmagnesium bromide (1 M

in THF, 1.1 mL, 1.1 mmol) was added dropwise at 0 °C and the mixture

O NJ was stirred for 6 h under argon atmosphere. The crude product was
on Subjected to SiO2-column chromatography (EtOAc : Hexane, 1 : 50 with

OO EtsN 0.100 mL/ 100 mL) to afford the desired amino naphthol 3.88f as
light yellow solid (0.10 g, 68%). *H NMR (400 MHz, CDCls) § = 13.50

(s, 1H), 7.74 — 7.71 (m, 2H), 7.49 (d, J = 8.1 Hz, 1H), 7.33 — 7.14 (m, 13H), 5.16 (s, 1H),
4.21 — 4.14 (m, 2H), 4.04 — 3.97 (m, 2H), 3.85 — 3.79 (m, 1H), 2.87 — 2.85 (m, 1H), 2.24 —

1 Mahato, S.; Haldar, S.; Jana, C. K. Chem. Commun. 2014, 50, 332.
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2.22 (m, 1H). 3C NMR (101 MHz, CDCls) § = 156.1, 138.7, 132.1, 131.2 (2C), 130.1, 129.9,
129.1, 129.0, 128.8, 128.2 (2C), 128.0, 126.5, 122.8, 121.4, 119.8, 114.9, 71.1, 67.6, 66.8,
59.2,445.

1-((3-benzylmorpholino)(phenyl)methyl)naphthalen-2-ol (3.88g): Accordingto GP 3: To

the oxazine 3.87d (0.24 g, 0.76 mmol), benzylmagnesium chloride (1 M

in THF, 2.3 mL, 2.3 mmol) was added dropwise at -3 °C and the mixture

O o Wwas stirred for 3 h under argon atmosphere. The crude product was

NJ subjected to neutral alumina column chromatography (EtOAc : Hexane, 1

OH : 40) to afford the desired amino naphthol 3.88g as white solid (0.28 g,

OO 92%). FTIR (KBr): v = 3050, 2956, 2859, 1751, 1621, 1600, 1581, 1497,

1446, 1413, 1266, 1260, 1235, 1117, 1099, 947, 835, 810, 752, 701 cm™.*H NMR (400 MHz,

CDCl3) 6 =13.55 (s, 1H), 8.04 (d, J = 8.5 Hz, 1H), 7.83 (br. s, 2H), 7.69 (d, J = 8.0 Hz, 1H),

7.64 (d, J = 8.8 Hz, 1H), 7.44 (t, J = 7.7 Hz, 1H), 7.37 — 7.34 (m, 3H), 7.30 — 7.21 (m, 2H),

7.14 - 7.12 (m, 3H), 6.65 (br. s, 2H), 5.66 (s, 1H), 3.94 — 3.81 (m, 2H), 3.61 — 3.51 (m, 2H),

3.17 — 3.11 (m, 1H), 3.05 — 2.92 (m, 4H). *C NMR (101 MHz, CDCl3) & = 155.1, 138.8,

138.6, 132.5, 129.9, 129.4 (2C), 129.3, 129.0, 128.6 (2C), 128.5, 126.8, 126.4, 122.8, 121.1,

120.2, 116.0, 68.1, 67.9, 67.2, 56.7, 46.4, 26.8. HRMS (ESI) exact mass calculated for
CogH2sNO>* ([M+H]"): Cal: 410.2115; Found: 410.2123.

1-((2-benzylpiperidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.88h): According to GP 3:
To the oxazine 3.87b (95 mg, 0.30 mmol), benzylmagnesium chloride (1

M in THF, 0.90 mL, 0.90 mmol) was added dropwise at -3 °C and the

O mixture was stirred for 2 h under argon atmosphere. The crude product was
N subjected to neutral alumina column chromatography (EtOAc : Hexane, 1

OH . 50) to afford the desired amino naphthol 3.88h? as white solid (0.11 g,

OO 89%). *H NMR (400 MHz, CDCls) § = 14.37 (s, 1H), 8.02 (d, J = 7.7 Hz,
1H), 7.69 (d, J = 8.1 Hz, 1H), 7.64 (d, J = 8.8 Hz, 1H), 7.43 — 7.40 (m, 1H), 7.36 — 7.27 (m,
4H), 7.24 — 7.21(m, 1H), 7.15 — 7.12 (m, 5H), 6.58 (br. s, 2H), 5.60 (s, 1H), 3.23 — 3.20 (m,
1H), 3.05 — 3.02 (m, 2H), 2.95 — 2.89 (m, 1H), 2.75 (br. s, 1H), 1.83 — 1.70 (m, 3H), 1.59 —
1.46 (m, 3H). *C NMR (101 MHz, CDCls) & = 155.8, 139.4, 139.3, 132.3, 129.3, 129.0,
128.9, 128.6, 128.3 (2C), 128.0, 127.9, 126.4, 126.0, 122.3, 120.9, 120.2, 116.9, 68.1, 55.3,

2 Xu, X.; Lu, J;; Li, R.; Ge, Z.; Dong, Y.; Hu, Y. Synlett 2004, 1, 122.
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45,9, 27.5, 26.8, 25.8, 18.3. HRMS (ESI) exact mass calculated for C29HzoNO* ([M+H]"):
Cal: 408.2322; Found: 408.2324.

1-(phenyl(2-phenylpiperidin-1-yl)methyl)naphthalen-2-ol  (3.88i): Phenylmagnesium
bromide was prepared by the reaction of bromobenzene (3.20 mmol) and
magnesium (3.30 mmol) in dry THF (3.2 mL). After disappearance of the
O magnesium, the freshly prepared phenylmagnesium bromide was cooled
N and added (1.90 mL) dropwise to a powdered oxazine 3.87b (0.20 g, 0.63
OO OH mmol) at 0 °C under argon atmosphere. The crude product was subjected
to neutral alumina column chromatography (EtOAc : Hexane, 1 : 70) to
afford the desired amino naphthol 3.88i% as white solid (0.18 g, 72%) and 3.88i** (DCM :
MeOH, 200 : 1) as reddish oil (25 mg, 25%). *H NMR (400 MHz, CDCls) & = 14.65 (s, 1H),
7.53 - 7.54 (m, 2H), 7.33 (br. s, 3H), 7.18 — 7.11 (m, 3H), 6.95 — 6.84 (m, 8H), 5.60 (s, 1H),
3.71 (br.s, 1H), 2.94 (br. s, 1H), 1.98 — 1.78 (m, 7H). *C NMR (101 MHz, CDCl3) 6 = 157.1,
141.4, 139.1, 131.4, 130.2, 129.2, 128.8, 128.5, 128.2, 128.1, 127.8, 127.3, 126.5, 125.4,
122.5, 121.9, 120.2, 115.7, 70.5, 68.8, 52.3, 35.4, 26.2, 24.5. HRMS (ESI) exact mass
calculated for C2sH2sNO™ ([M+H]"): Cal: 394.2165; Found: 394.2164.

2-Phenylpiperidine (3.88i’): *H NMR (400 MHz, CDCls) § = 7.37 — 7.29 (m, 4H), 7.26 —

7.22 (m, 1H), 3.60 — 3.57 (m, 1H), 3.21 —3.18 (M, 1H), 2.84 — 2.76 (m, 1H),

N 1.90 — 1.88 (m, 1H), 1.81 — 1.78 (m, 1H), 1.67 — 1.65 (m, 1H), 1.57 — 1.49

H (m, 3H). 3C NMR (101 MHz, CDCls) § = 145.2, 128.2, 126.9, 126.5, 62.2,
47.6, 34.7, 25.7, 25.2.

1-((2-allylpiperidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.88j): According to GP 3: To
N the oxazine 3.87a (0.20 g, 0.63 mmol), allylmagnesium bromide (1 M in
O diethylether, 1.90 mL, 1.90 mmol) was added dropwise at -3 °C and the
N mixture was stirred for 2 h under argon atmosphere. The crude product was
OO on subjected to neutral alumina column chromatography (EtOAc : Hexane, 1
: 40) to afford an inseparable mixture of diastereomers (1 : 0.85 ratio) of

amino naphthol 3.88j° as white solid (0.10 g, 45%). FTIR (KBr): v = 3450, 3058, 2914, 2853,

3 Xu, X.; Lu, J.; Dong, Y.; Li, R.; Ge, Z.; Hu, Y. Tetrahedron: Asymmetry 2004, 15, 475.
4 Hussain, S.; Leipold, F.; Man, H.; Wells, E.; France, S. P.; Mulholland, K. R.; Grogan, G.; Turner,
N. J. ChemCatChem 2015, 7, 579.
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1714, 1622, 1599, 1466, 1263, 1233, 1088, 1028, 957, 812, 745, 700 cm™*. HRMS (ESI) exact
mass calculated for C2sH2sNO™ ([M+H]): Cal: 358.2165; Found: 358.2158.

1-((2-benzylazepan-1-yl)(phenyl)methyl)naphthalen-2-ol (3.88k): According to GP 3: To

the oxazine 3.87c (0.10 g, 0.30 mmol), benzylmagnesium chloride (1 M

in THF, 0.90 mL, 0.90 mmol) was added dropwise at -3 °C and the

mixture was stirred for 3 h under argon atmosphere. The crude product

O N was subjected to neutral alumina column chromatography (EtOAcC :

OH  Hexane, 1: 50) to afford the desired amino naphthol 3.88k as white solid

OO (0.12 g, 97%). FTIR (KBr): v = 3399, 3058, 2928, 2853, 1618, 1600,

1581, 1576, 1520, 1455, 1420, 1269, 1237, 1153, 1055, 943, 823, 750, 719, 696 cm™. H

NMR (400 MHz, CDCls) 6 = 14.22 (s, 1H), 8.01 (d, J = 8.6 Hz, 1H), 7.81 (br. s, 2H), 7.70 —

7.68 (m, 1H), 7.65 — 7.62 (m, 1H), 7.44 — 7.39 (m, 1H), 7.32 — 7.28 (m, 2H), 7.25 - 7.20 (m,

2H), 7.16 — 7.11 (m, 4H), 6.66 (br. s, 2H), 5.69 (s, 1H), 3.42 — 3.38 (m, 1H), 3.15 — 3.12 (m,

1H), 3.04 — 2.93 (m, 2H), 2.71 — 2.65 (m, 1H), 1.95 — 1.80 (m, 2H), 1.66 — 1.36 (m, 6H). *C

NMR (101 MHz, CDClIs) 6 = 155.7, 140.3, 139.4, 132.2, 131.9, 129.5, 129.5, 128.9, 128.7,

128.4, 127.9, 126.6, 126.1, 126.0, 122.3, 120.6, 119.8, 116.2, 66.4, 59.6, 45.5, 32.3, 28.4,

27.5, 23.6, 22.9. HRMS (ESI) exact mass calculated for C3oH3z2NO* ([M+H]*): Cal: 422.2478;
Found: 422.2475.

1-((2-phenethylpyrrolidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.88aa): According to
GP 3: To the oxazine 3.87a (0.60 g, 1.99 mmol), phenethylmagnesium

chloride (1 M in THF, 4.4 mL, 4.40 mmol) was added dropwise at -3 °C

and the mixture was stirred for 2 h under argon atmosphere. The crude

O N product was subjected to neutral alumina column chromatography (EtOAc
oH Hexane,1:40) to afford an inseparable mixture of diastereomers (1 : 0.10

OO ratio) of amino naphthol 3.88aa as colorless oil (0.72 g, 89%). Following
analytical data are given for major isomer. FTIR (KBr): v = 3061, 3026,

2959, 2857, 1621, 1601, 1520, 1453, 1267, 1237, 950, 814, 744, 700 cm™. 'H NMR (600
MHz, CDCl3) & = 14.27 (s, 1H), 7.78 — 7.77 (m, 1H), 7.67 — 7.64 (m, 2H), 7.58 — 7.57 (m,
2H), 7.33 - 7.31 (m, 1H), 7.22 — 7.09 (m, 8H), 6.81 — 6.80 (m, 2H), 5.32 (s, 1H), 3.18 (br. s,
1H), 3.03 (s, 1H), 2.59 — 2.55 (m, 1H), 2.39 — 2.35 (m, 1H), 2.21 — 2.18 (m, 1H), 2.07-2.00
(m, 1H), 1.82 — 1.78 (m, 2H), 1.66 — 1.64 (m, 1H), 1.42 — 1.24 (m, 2H). 13C NMR (101 MHz,
CDClI3) 6 = 156.0, 141.6, 140.3, 131.9, 129.7 (2C), 129.0, 128.8 (2C), 128.7, 128.3 (2C),
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126.5, 125.78, 122.5, 121.1, 120.2, 117.0, 70.6, 60.8, 55.5, 37.5, 32.9, 30.6, 23.6. HRMS
(ESI) exact mass calculated for C29H3oNO™ ([M+H]"): Cal: 408.2322; Found: 408.2321.

1-((2-phenethylpiperidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.88bb): According to
GP 3: To the oxazine 3.87a (0.50 g, 1.58 mmol), phenethylmagnesium
chlroide (1 M in THF, 4.5 mL, 4.5 mmol) was added dropwise at -3 °C and

the mixture was stirred for 1 h under argon atmosphere. The crude product

o

was subjected to neutral alumina column chromatography (EtOAc :
O OH Hexane, 1 : 70) to afford an inseparable mixture of diastereomers (1 : 0.50

ratio) of amino naphthol 3.88bb as white solid (0.59 g, 90%). FTIR (KBr):
v = 3478, 3064, 3025, 2936, 2859, 1601, 1583, 1520, 1454, 1416, 1362, 1266, 1238, 1156,
1073, 943, 833, 814, 740, 699 cm™. HRMS (ESI) exact mass calculated for C3oH3NO*
([M+H]"): Cal: 422.2478; Found: 422.2479.

Amino naphthol (3.88cc): According to GP 3: To the oxazine 3.87a (0.60 g, 1.58 mmol),
phenethylmagnesium chlroide (1 M in THF, 4.0 mL, 4.0 mmol) was
added dropwise at -3 °C and the mixture was stirred for 1 h under argon

atmosphere. The crude product was subjected to SiO2-column

ps

chromatography (EtOAc : Hexane, 1 : 50 ) to afford an inseparable
O OH " mixture of diastreomers (1:0.60 ratio) of amino naphthol 3.88cc as brown

oil (0.75 g, 94%) FTIR (KBr): v = 3060, 3026, 2929, 2858, 1621, 1600,
1519, 1495, 1453, 1266, 1236, 1140, 1060, 1029, 946, 815, 744, 699 cm™. HRMS (ESI) exact
mass calculated for C31HzsNO* ([M+H]): Cal: 436.2636; Found: 436.2638.

General procedure for Second C-O bond formation (GP 4):

Betti Base with mono-functionalized amine (0.18 mmol) was treated with silver oxide (0.22
mmol) in xylene at either room temperature or under heating (60-80 °C) condition to obtain
the cyclic oxazine.! After completion of the reaction, the reaction mixture passed through
small pad of celite and the celite cake was washed with ethyl acetate. The organic layer was
concentrated under vaccum and the crude mixture was subjected to neutral alumina column

chromatography.
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10-benzyl-12-phenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-
b][1,3]oxazine (3.89a): According to GP 4: A mixture of Betti base 3.88a
(30 mg, 0.08 mmol), Ag20 (23 mg, 0.10 mmol) heated at 60 °C for 12 h
in m-xylene 1 mL. The crude product was subjected to neutral alumina
O N column chromatography (EtOAc : Hexane, 1 : 80 ) to afford an
o : inseparable mixture of diastreomers (1 : 0.12 ratio) of oxazine 3.89a as a
OO whitish solid (25 mg, 78%). Following analytical data are given for major
isomer. FTIR (KBr): v = 3060, 3026, 2925, 2926, 2852, 1623, 1599, 1515, 1466, 1451, 1234,
1140, 1027, 922, 812, 700 cm™. *H NMR (400 MHz, CDCl3) 6 = 7.75 —7.69 (m, 2H), 7.25 —
7.16 (m, 13H), 7.06 (d, J = 8.9 Hz, 1H), 5.46 (s, 1H), 5.15 — 5.14 (m, 1H), 3.35 - 3.26 (m,
2H), 2.83 — 2.78 (m, 1H), 2.09 — 1.99 (m, 2H), 1.97 — 1.90 (m, 2H). *3C NMR (101 MHz,
CDCl3) 6=152.2,143.4,139.2,132.5, 130.2, 129.3, 128.8, 128.7, 128.5, 128.4, 128.3, 127.2,
126.5, 126.2, 123.0, 122.6, 118.9, 110.4, 87.8, 60.6, 54.4, 42.4, 30.1, 27.8. HRMS (ESI) exact

mass calculated for C2sH2sNO™ ([M+H]¥): Cal: 392.2009; Found: 392.2006.

10,12-diphenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-b][1,3]oxazine
(3.89b): According to GP 4: A mixture of Betti base 3.88b (0.20 g, 0.53
mmol), Ag20 ( 0.15 g, 0.63 mmol) stirred at room temperature for 8 h in
O N m-xylene 2.5 mL. The crude product was subjected to neutral alumina
o H column chromatography (EtOAc : Hexane, 1 : 50 ) to afford an
OO inseparable mixture of regio-isomer (1 : 0.76 ratio) of oxazine 3.89b as
whitish solid (0.18 g, 93%). FTIR (KBr): v = 2961, 2925, 2842, 1620, 1598, 1492, 1463,
1449, 1433, 1241, 1107, 1066, 1027, 921, 813, 754, 694 cm™. HRMS (ESI) exact mass

calculated for C27H24NO™ ([M+H]™): Cal: 378.1852; Found: 378.1864.

(7aS,10R,12R)-10-isopropyl-12-phenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-
e]pyrrolo[2,1-b][1,3]oxazine (3.89c): According to GP 4: A mixture of
O Betti base 3.88c (92 mg, 0.27 mmol) and Ag20 (74 mg, 0.32 mmol) heated
N H at 60 °C temperature for 12 h in m-xylene 1 mL. The crude product was
OO o subjected to SiO2-column chromatography (EtOAc : Hexane, 1 : 150) to
afford oxazine 3.89c as a colorless solid (75 mg, 82%). FTIR (KBr): v =
3058, 2950, 2874, 2817, 1622, 1597, 1509, 1491, 1465, 1386, 1232, 1066, 1012, 892, 814,
751, 698 cm™, 'H NMR (400 MHz, CDCls3) & = 7.91 — 7.70 (m, 3H), 7.50 — 7.43 (m, 2H),
7.31-7.28 (m, 5H), 7.13 (d, J = 8.8 Hz, 1H), 5.47 (s, 1H), 5.20 (s, 1H), 3.04 (br. s, 1H), 2.24
(br. s, 1H), 2.09 — 1.98 (m, 2H), 1.89 — 1.84 (m, 1H), 1.75 - 1.73 (m, 1H), 1.09 (d, J = 4.0
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Hz, 3H), 0.93 (d, J = 8.0 Hz, 3H). 3C NMR (101 MHz, CDCl3) & = 152.7, 143.8, 132.8,
130.5, 129.1, 129.0, 128.9, 128.5, 127.2, 126.6, 123.0, 122.7, 119.1, 110.7, 88.3, 64.4, 54.3,
30.9, 29.4, 21.6, 20.2, 14.8. HRMS (ESI) exact mass calculated for C2sH26NO™ ([M+H]™):
Cal: 344.2009; Found: 344.2011.

11-benzyl-13-phenyl-7a,8,9,10,11,13-hexahydronaphtho[1,2-e]pyrido[2,1-
b][1,3]oxazine (3.89d): According to GP 4: A mixture of Betti base
3.88h (25 mg, 0.06 mmol) and Ag20 ( 17 mg, 0.07 mmol) refluxed at
140 °C for 18 h in m-xylene 1 mL. The crude product was subjected to
O N SiO2-chromatography (EtOAc : Hexane, 1 : 40) to afford an inseparable

H mixture of diastreomers (1 : 0.05 ratio) of oxazine 3.89d? as yellowish

@)

OO solid (17 mg, 69%). Following analytical data are given for major isomer.
'H NMR (400 MHz, CDCl3) & = 7.79 — 7.74 (m, 2H), 7.29 — 7.22 (m, 8H), 7.13 — 7.08 (m,
4H), 7.03 - 7.01 (m, 2H), 5.91 (s, 1H), 4.98 (s, 1H), 3.46 — 3.41 (m, 1H), 3.10 — 3.05 (m, 1H),
2.72 —2.66 (m, 1H), 1.97 — 1.92 (m, 1H), 1.81 — 1.74 (m, 1H), 1.61 — 1.52 (m, 3H), 1.45 —
1.35 (m, 1H). *C NMR (101 MHz, CDCls) & = 152.9, 143.6, 139.3, 132.9, 129.5, 129.3,
129.8,128.9, 128.6, 128.4, 128.3, 127.1, 126.7, 126.2, 123.1, 122.6, 118.7, 110.9, 82.4, 55.8,
54.1, 42.2, 31.9, 29.9, 18.5. HRMS (ESI) exact mass calculated for CaoH2sNO™ ([M+H]"):
Cal: 406.2165; Found: 406.21609.

11,13-diphenyl-7a,8,9,10,11,13-hexahydronaphtho[1,2-e]pyrido[2,1-b][1,3]oxazine
(3.89¢): According to GP 4: A mixture of Betti base 3.88i (34 mg, 0.09
mmol), Ag20 (23 mg, 0.10 mmol) heated at 60 °C temperature for 12 h in
O N m-xylene 1 mL. The crude product was subjected to neutral alumina
O column chromatography (EtOAc : Hexane, 1 : 80 ) to afford an inseparable
OO mixture of regio-isomer (1 : 1 ratio) of oxazine 3.89¢? as light yellow solid
(25 mg, 74%). HRMS (ESI) exact mass calculated for C2sH2sNO™ ([M+H]*): Cal: 392.2009;
Found: 392.20009.

11-allyl-13-phenyl-7a,8,9,10,11,13-hexahydronaphtho[1,2-e]pyrido[2,1-b][1,3]oxazine

_— (3.89f): According to GP 4: A mixture of Betti base 3.88j (20 mg, 0.05
mmol) and Ag20 (15 mg, 0.07 mmol) heated at 80 °C temperature for 12
O N h in m-xylene 0.5 mL. The crude product was subjected to SiO2-column

l I o} H chromatography (EtOAc : Hexane, 1 : 50 ) to afford an inseparable

mixture of diastereomers (1 : 0.27 ratio) of oxazine 3.89f as a colorless oil
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(12 mg, 61%). Following analytical data are given for major isomer. FTIR (KBr): v = 3061,
2936, 2850, 1650, 1623, 1599, 1466, 1403, 1237, 911, 886, 811, 743, 698 cm™. *H NMR (400
MHz, CDCl3) 6 =7.80 - 7.72 (m, 2H), 7.40 — 7.37 (m, 1H), 7.33 — 7.27 (m, 2H), 7.25 - 7.17
(m, 5H), 7.12 (d, J = 8.9 Hz, 1H), 5.98 — 5.89 (m, 1H), 5.81 (s, 1H), 5.16 — 5.10 (m, 2H), 4.96
(s, 1H), 2.89 — 2.83 (m, 1H), 2.47 — 2.44 (m, 2H), 1.92 — 1.81 (m, 2H), 1.72 — 1.68 (m, 1H),
1.61 — 1.55 (m, 3H). °C NMR (101 MHz, CDCls) & = 152.7, 143.3, 135.1, 132.7, 129.4,
129.0, 128.7, 128.6, 128.1, 126.9, 126.6, 122.9, 122.3, 118.5, 117.0, 110.8, 82.4, 55.2, 51.9,
38.8, 31.3, 29.7, 18.5. HRMS (ESI) exact mass calculated for CosHxsNO™ ([M+H]Y): Cal:
356.2009; Found: 356.2006.

Oxazine (3.89g): According to GP 4: A mixture of Betti base 3.88k (60 mg, 0.14 mmol),

Ag20 (39 mg, 0.17 mmol) heated at 65 °C temperature for 8 h in m-xylene

1 mL. The crude product was subjected to SiOz-column chromatography

(EtOAC : Hexane, 1 : 50 ) to afford an inseparable mixture of

O N diastereomers with (1 : 0.90 ratio) of oxazine 3.89g as a colorless oil (40

o mg, 67%). FTIR (KBr): v = 2959, 2926, 2853, 1723, 1623, 1599, 1514,

OO 1466, 1450, 1260, 1234, 1093, 1078, 806, 746, 700 cm™. HRMS (ESI)
exact mass calculated for C3oH3oNO™ ([M+H]"): Cal: 420.2322; Found: 420.2310.

10-phenethyl-12-phenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-
b][1,3]oxazine (3.89aa): According to GP 4: A mixture of Betti base
3.88aa (75 mg, 0.18 mmol) and Ag20 (51 mg, 0.22 mmol) heated at 80
°C temperature for 16 h in m-xylene 1 mL. The crude product was
O N subjected to SiO2-column chromatography (EtOAc : Hexane, 1 : 50 ) to
5 H afford an inseparable mixture of diastereomers (1 : 0.60 ratio) of oxazine
OO 3.89aa as colorless oil (65 mg, 87%). FTIR (KBr): v = 2953, 2921, 2853,
1627, 1558, 1506, 1466, 1236, 1065, 811, 746, 668 cm™. HRMS (ESI)

exact mass calculated for Co9H2sNO* ([M+H]): Cal: 406.2165; Found: 406.2168.
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11-phenethyl-13-phenyl-7a,8,9,10,11,13-hexahydronaphtho[1,2-e]pyrido[2,1-
b][1,3]oxazine (3.89bb): According to GP 4: A mixture of Betti base
3.88bb (0.47 g, 1.25 mmol) and Ag20 (0.35 g, 1.5 mmol) heated at 110
°C for 12 h in m-xylene 4 mL. The crude product was subjected to neutral
O alumina column chromatography (EtOAc : Hexane, 1 : 50) to afford
N ! g Oxazine 3.89bb as light green oil (0.22 g, 46%). FTIR (KBr): v = 3026,
OO 2925, 2856, 1622, 1601, 1495, 1453, 1262, 1063, 1028, 813, 747, 699 cm"
1 14 NMR (400 MHz, CDCls) & = 7.78 — 7.76 (m, 1H), 7.73 (d, J = 8.0
Hz, 1H), 7.38 (d, J = 7.5 Hz, 1H), 7.29 — 7.19 (m, 9H), 7.15—7.10 (m, 4H), 5.80 (s, 1H), 4.99
(s, 1H), 2.92 — 2.84 (m, 2H), 2.67 — 2.52 (m, 1H), 2.09 — 2.02 (m, 1H), 1.93 (m, 3H), 1.87 —
1.82 (m, 1H), 1.65 — 1.55 (m, 3H). 3C NMR (101 MHz, CDCls) & = 152.9, 143.5, 142.7,
133.0, 129.5, 129.2, 128.9, 128.8, 128.6, 128.4, 128.3, 127.2, 126.9, 126.0, 123.1, 122.5,
118.7,110.9, 82.5,55.4,52.7, 36.7, 31.3 (2C), 30.0, 18.8. HRMS (ESI) exact mass calculated
for C3oH3oNO™ ([M+H]"): Cal: 420.2322; Found: 420.2322.

Oxazine (3.89cc): According to GP 4: A mixture of Betti base 3.88cc (0.26 g, 0.59 mmol)
and Ag20 (0.17 g, 0.72 mmol) heated at 80 °C temperature for 12 h in m-
xylene 0.5 mL. The crude product was subjected to neutral alumina

O column chromatography (EtOAc : Hexane, 1 : 50) to afford an

N inseparable mixture of diastreomers (1 : 1 ratio) of oxazine 3.89cc as a

OO o colorless oil (0.175 g, 68%). FTIR (KBr): v = 3059, 3025, 2926, 2857,

1622, 1599, 1467, 1450, 1280, 1237, 1045, 813, 745, 699 cm™. HRMS
(ESI) exact mass calculated for C31H3>NO* ([M+H]"): Cal: 434.2478; Found: 434.2464.

1-((2,5-dibenzylpyrrolidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.90a): According to
O GP 3: To the oxazine 3.89a (0.15 g, 0.38 mmol), benzylmagnesium
chloride (1 M in THF, 1.22 mL, 1.22 mmol) was added dropwise

at -3 °C and the mixture was stirred for 12 h under argon

O N O atmosphere. The crude product was subjected to SiO2-column
OH chromatography (EtOAc : Hexane, 1 : 50 with EtsN 100 uL/100

OO mL) to afford an inseparable mixture of diastreomers (1 : 0.72
ratio) of amino naphthol 3.90a as whitish solid (0.13 g, 66%). FTIR (KBr): v = 3440, 3031,
2924, 2850, 1621, 1600, 1520, 1495, 1467, 1452, 1265, 1235, 1095, 949, 816, 742, 700 cm"

!, HRMS (ESI) exact mass calculated for CasHzNO* ([M+H]*): Cal: 484.2635; Found:
484.2638.
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cis-2,5-dibenzylpyrrolidine (3.91a): Compound 3.90a (22 mg, 0.05 mmol) was dissolved in
NaOH (6M, 0.2 mL) solution in mixture of THF (0.10 mL) and
MeOH (0.10 mL). The reaction mixture was heated at 60 °C for
” 4 h. Then the reaction mixture was extracted with ethyl acetate (3
X 5 mL) and the combined organic layers washed with brine and dried over Na;SOa. The
resulting crude was subjected to neutral alumina column chromatography (DCM) to afford
the analytically pure compound 3.91a° as brown oil (10 mg, 88%). FTIR (KBr): v = 2923,
2852, 1627, 1602, 1495, 1453, 1269, 1220, 1096, 1029, 747, 700 cm™. 'H NMR (400 MHz,
CDCl3) 6 =7.29 — 7.25 (m, 5H), 7.20 — 7.16 (m, 5H), 3.22 — 3.19 (m, 2H), 2.81 — 2.69 (m,
4H), 1.80 — 1.75 (m, 2H), 1.49 — 1.42 (m, 2H). *C NMR (101 MHz, CDCl3) § = 140.1, 129.2,
128.6, 126.3, 60.5, 42.9, 30.6. HRMS (ESI) exact mass calculated for C1gH22N* ([M+H]"):
Cal: 252.1747; Found: 252.1753.

1-((2-benzyl-5-phenylpyrrolidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.90b)
O According to GP 3: To the oxazine 3.89b (40 mg, 0.11 mmol),
benzylmagnesium chloride (1 M in THF, 0.42 mL, 0.42 mmol) was
O N o added dropwise at -3 °C and the mixture was stirred for 6 h under
OH argon atmosphere. The crude product was subjected to neutral
OO alumina column chromatography (EtOAc : Hexane, 1 : 50) to
afford an inseparable mixture of diastereomers (1 : 0.36 ratio) of amino naphthol 3.90b as
white solid (28 mg, 58%) and 3.91b (by DCM) as brown oil (10 mg, 40%). Following
analytical data are given for major isomer. FTIR (KBr): v = 3060, 2953, 2853, 1653, 1623,
1600, 1492, 1433, 1233, 1027, 883, 812, 699 cm™. *H NMR (400 MHz, CDCls) & = 13.60 (s,
1H), 7.75 - 7.69 (m, 3H), 7.39 (d, J = 7.8 Hz, 3H), 7.16 — 7.07 (m, 8H), 6.98 — 6.94 (m, 3H),
6.83 — 6.80 (m, 2H), 6.75 — 6.73 (m, 2H), 5.55 (s, 1H), 4.06 — 4.02 (m, 1H), 3.42 — 3.38 (m,
1H), 2.79 — 2.73 (m, 1H), 2.23 — 2.17 (m, 1H), 2.06 — 2.00 (m, 1H), 1.94 — 1.78 (m, 3H). *3C
NMR (101 MHz, CDCls) 6 = 155.0, 143.9, 139.5, 139.4, 131.7, 130.0, 129.8, 129.1, 128.7,
128.3,128.2,128.0,127.7,127.5,127.3,126.5, 126.4, 126.0, 122.5, 120.8, 120.1, 118.3, 72.6,
70.4, 69.3, 41.0, 35.5, 28.1. HRMS (ESI) exact mass calculated for C3sH3NO* ([M+H]"):

Cal: 470.2478; Found: 470.2494.

® Fraser, R. R.; Passannanti, S. Synthesis, 1976, 8, 540.
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(2S,5R)-2-benzyl-5-phenylpyrrolidine (3.91b): FTIR (KBr): v = 2961, 2923, 2852, 1652,

1639, 1495, 1453, 1079, 906, 770, 701 cm™. 'H NMR (400 MHz,

Q CDCl3) 6 =7.27 — 7.25 (m, 5H), 7.15 — 7.13 (m, 3H), 6.77 — 6.75

O ” (m, 2H), 3.15-3.09 (m, 1H), 2.99 — 2.96 (m, 1H), 2.10 — 2.03 (m,

2H), 1.84 — 1.71 (m, 4H). 3C NMR (101 MHz, CDCl3) 6 = 137.8 (2C), 130.5, 128.1, 127.9,

126.6, 126.4, 126.4, 68.9, 48.0, 45.0, 37.5, 24.5. HRMS (ESI) exact mass calculated for
C17H2oN* ([M+H]™): Cal: 238.1590; Found: 238.1590.

1-((2-allyl-5-phenylpyrrolidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.90c): According

to GP 3: To the oxazine 3.89b (56 mg, 0.15 mmol), allylmagnesium

chloride (1 M in THF, 0.44 mL, 0.44 mmol) was added dropwise at -

O N 3 °C and the mixture was stirred for 2 h under argon atmosphere. The

OH ‘= crude product was subjected to neutral alumina column

OO chromatography (EtOAc : Hexane, 1 : 50) to afford an inseparable

mixture of diastreomers (1 : 0.71 ratio) of amino naphthol 3.90c as reddish oil (12 mg, 19%)

and 3.91c® (by DCM) as reddish oil (20 mg, 72%). FTIR (KBr): v = 3467, 3067, 2961, 2873,

1621, 1600, 1518, 1467, 1452, 1407, 1266, 1236, 1077, 949, 919, 813, 758, 743, 700 cm™.

HRMS (ESI) exact mass calculated for CsoHsoNO* ([M+H]"): Cal: 420.2322; Found:
420.2316.

cis-2-allyl-5-phenylpyrrolidine (3.91c): FTIR (KBr): v = 2961, 2924, 2853, 1640, 1623,
1450, 1013, 1027, 912, 756, 699 cm™. *H NMR (400 MHz, CDCls) &
W =7.39-7.37 (m, 2H), 7.33 — 7.30 (m, 2H), 7.23 (t, J = 7.2 Hz, 1H),
5.93 — 5.83 (m, 1H), 5.14 — 5.03 (m, 2H), 4.14 (t, J = 8.0 Hz, 1H),
3.30 — 3.23 (m, 1H), 2.34 — 2.30 (m, 2H), 2.20 — 2.11 (m, 1H), 2.01 — 1.92 (m, 1H), 1.76 —
1.66 (m, 1H), 1.60 — 1.51 (m, 1H). ¥C NMR (101 MHz, CDCls) & = 143.2, 131.5, 123.6,

122.1, 121.9, 111.7, 57.8, 53.9, 36.2, 29.1, 26.2. HRMS (ESI) exact mass calculated for
CisHisN* ([M+H]"): Cal:188.1434; Found: 188.1439.

® Bubnov, Y. N.; Klimkina, E. V.; Lavrinovich, L. I.; Zykov, A. Y.; Ignatenko, A. V. Russ. Chem.
Bull. 1999. 48, 1696.
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1-((2-benzyl-5-isopropylpyrrolidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.90d):
According to GP 3: To the oxazine 3.89c (0.12 g, 0.35 mmol),
O N benzylmagnesium chloride (1 M in THF, 1.05 mL, 1.05 mmol) was
added dropwise at -3 °C and the mixture was stirred for 3 h under
OO on argon atmosphere. The crude product was subjected to neutral

alumina column chromatography (EtOAc : Hexane, 1 : 60 ) to
afford an inseparable mixture of diastreomers (1 : 0.20 ratio) of amino naphthol 3.90d as
colorless solid (44 mg, 30%) and 3.91d (by DCM) as reddish oil (20 mg, 28%). Following
analytical data are given for major isomer. FTIR (KBr): v = 3472, 2963, 2925, 2853, 1744,
1622, 1600, 1454, 1265, 1235, 1085, 948, 889, 744, 701 cm™. 'H NMR (400 MHz, CDCl3) &
=13.80 (s, 1H), 7.83 (d, J = 8.6 Hz, 1H), 7.79 — 7.72 (m, 3H), 7.24 — 7.18 (m, 7H), 7.07 —
7.05 (m, 3H), 6.58 — 6.56 (m, 2H), 5.81 (s, 1H), 3.61 — 3.57 (m, 1H), 3.19 — 3.16 (m, 1H),
3.00 - 2.96 (m, 1H), 2.04 — 1.96 (m, 1H), 1.86 — 1.76 (m, 1H), 1.66 — 1.56 (m, 3H), 0.73 (d,
J=6.5Hz, 3H), 0.66 — 0.61 (m, 1H), 0.47 (d, J = 6.7 Hz, 3H). *C NMR (101 MHz, CDCls)
6 =156.5, 140.3, 139.7, 131.5, 130.0, 129.3, 129.2, 129.0, 128.9, 128.4, 128.3, 127.0, 126.6,
126.1, 122.7, 120.7, 119.7, 116.9, 65.2, 64.9, 64.5, 33.3, 30.4, 27.4, 23.0, 20.4, 14.7. HRMS
(ESI) exact mass calculated for C31HzaNO™ ([M+H]™): Cal: 436.2635; Found: 436.2650.

cis-2-benzyl-5-isopropylpyrrolidine (3.91d): FTIR (KBr): v = 3026, 2958, 2871, 1625,
1602, 1495, 1466, 1453, 1384, 1270, 1086, 815, 746, 699 cm™. 'H
NMR (400 MHz, CDCls) § = 7.31 — 7.27 (m, 2H), 7.23—7.18 (m, 3H),
3.26 — 3.20 (m, 1H), 2.86 — 2.81 (m, 1H), 2.74 — 2.69 (m, 1H), 2.66 —
2.60 (m, 1H), 1.84 — 1.75 (m, 2H), 1.57 — 1.48 (m, 1H), 1.46 — 1.37 (m, 2H), 0.93 (d, J = 6.6
Hz, 3H), 0.87 (d, J = 4.0 Hz, 3H). 3C NMR (151 MHz, CDCl3) & = 140.4, 129.2, 128.6,
126.2, 65.9, 60.8, 42.8, 34.4, 30.9, 29.2, 20.8, 20.0. HRMS (ESI) exact mass calculated for
C1aH2oN™ ([M+H]Y): Cal: 204. 1747; Found: 204.1757.

N
H

1-((2-isopropyl-5-phenylpyrrolidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.90e):
According to GP 3: To the oxazine 3.89¢ (60 mg, 0.17 mmol),

O phenylmagnesium bromide (1 M in THF, 0.52 mL, 0.52 mmol) was
N added dropwise at 0 °C and the mixture was stirred for 12 h under
OO o argon atmosphere. The crude product was subjected to SiOz-column

chromatography (EtOAc : Hexane, 1 : 80 with EtzN 100 uL/100
mL) to afford an inseparable mixture of diastereomers (1 : 0.16 ratio) of amino naphthol

3.90e as yellowish solid (52 mg, 76%). Following analytical data are given for major isomer.
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FTIR (KBr): v = 3441, 2964, 2923, 2855, 1622, 1453, 1495, 1413, 1385, 1267, 1236,
1077,951, 842, 813, 766, 740 cm™. *H NMR (400 MHz, CDCl3) & = 14.00 (s, 1H), 7.67 (d,
J=8.8 Hz, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.48 (br. s, 2H), 7.21 — 7.04 (m, 9H), 6.96 — 6.92
(m, 1H), 6.83 — 6.81 (m, 2H), 5.35 (s, 1H), 4.41 —4.39 (m, 1H), 3.50 — 3.48 (m, 1H), 2.39 —
2.22 (m, 2H), 1.91 - 1.86 (m, 2H), 0.86 (d, J = 6.2 Hz, 3H), 0.80 — 0.76 (m, 1H), 0.50 (d, J =
6.5 Hz, 3H). *C NMR (101 MHz, CDCls) § = 156.6, 141.0, 139.9, 131.8, 130.3, 129.7, 128.7,
128.6, 128.4, 128.3 (2C), 128.2, 127.3, 126.0, 122.2, 120.9, 119.3, 116.6, 69.3, 65.5, 65.0,
31.9, 30.7, 24.6, 20.6, 14.3. HRMS (ESI) exact mass calculated for C3oH32NO" ([M+H]"):
Cal: 422.2478; Found: 422.2478.

1-((2-isopropyl-5-vinylpyrrolidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.90f):

According to GP 3: To the oxazine 3.89c (50 mg, 1.58 mmol),

O vinylmagnesium bromide (1 M in THF, 4.0 mL, 4.0 mmol) was added
N

\ dropwise at 0 °C and the mixture was stirred for 2.5 h under argon
OO “ atmosphere. The crude product was subjected to SiOz-column
chromatography (EtOAc : Hexane, 1: 75 with EtsN 100 uL/100 mL) to
afford 3.90f as light yellow solid (52 mg, 76%). FTIR (KBr): v = 3441, 2967, 2930, 1621,
1600, 1452, 1413, 1268, 1236, 1084, 926, 813, 768, 751, 702 cm™. 'H NMR (400 MHz,
CDClI3) 6 = 14.11 (s, 1H), 7.68 — 7.63 (m, 3H), 7.52 (br. s, 2H), 7.25 - 7.23 (d, J = 7.0 Hz,
2H), 7.18 — 7.17 (m, 4H), 5.98 — 5.89 (m, 1H), 5.62 (s, 1H), 4.94 — 4.92 (m, 1H), 4.41 (d, J =
16.8 Hz, 1H), 3.82 - 3.80 (m, 1H), 3.14 — 3.12 (m, 1H), 2.04 — 1.93 (m, 2H), 1.75 - 1.60 (m,
2H), 0.76 (br. s, 3H), 0.68 — 0.65 (m, 1H), 0.44 — 0.43 (m, 3H). *3C NMR (101 MHz, CDCls)
6 =156.8, 140.1, 135.1, 131.7, 130.3, 129.6, 128.8, 128.7, 128.2 (2C), 126.2, 122.3, 121.4,
119.9, 119.6, 116.5, 67.3, 65.5, 63.9, 30.7, 30.2, 23.6, 20.5, 14.4. HRMS (ESI) exact mass
calculated for C26H3oNO™ ([M+H]"): Cal: 372.2322; Found: 372.2322.

1-((2-isopropyl-5-phenethylpyrrolidin-1-yl)(phenyl)methyl)naphthalen-2-ol (3.909):
According to GP 3: To the oxazine 3.89c (0.13 g, 0.37 mmol),

O phenethylmagnesium chloride (1 M in THF, 1.1 mL, 1.10 mmol)
N
was added dropwise at -3 °C and the mixture was stirred for 12 h
OH
OO under argon atmosphere. The crude product was subjected to

neutral alumina column chromatography (EtOAc : Hexane, 1 :
50) to afford an inseparable mixture of diastereomers (1 : 0.12 ratio) of amino naphthol 3.90g
as yellowish oil (70 mg, 42%). Following analytical data are given for major isomer. FTIR
(KBr): v = 3061, 3026, 2926, 2856, 1739, 1622, 1601, 1495, 1466, 1453, 1262, 1235, 1068,
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1029, 813, 746, 699 cm™. *H NMR (600 MHz, CDCl3) § = 14.02 (s, 1H), 7.79 (d, J = 8.6 Hz,
1H), 7.76 — 7.74 (m, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.37 — 7.34 (m, 1H), 7.32 — 7.16 (m, 6H),
7.13-7.12 (m, 1H), 7.04 — 7.02 (m, 1H), 7.00 — 6.98 (m, 2H), 6.55 — 6.54 (M, 2H), 5.71 (s,
1H), 3.35 —3.31 (m, 1H), 3.05 — 3.03 (M, 1H), 2.48 — 2.43 (m, 1H), 2.13 — 2.08 (m, 1H), 2.00
~1.91 (m, 2H), 1.81 — 1.76 (m, 2H), 1.70 — 1.66 (m, 1H), 1.58 — 1.52 (m, 1H), 0.75 (d, J =
6.7 Hz, 3H), 0.66 — 0.62 (m, 1H), 0.46 (d, J = 6.8 Hz, 3H). 1*C NMR (151 MHz, CDCl3) & =
156.7, 141.2, 140.3, 131.5, 130.1, 129.9, 129.1, 128.9, 128.5, 128.4, 128.3, 128.1, 126.9,
125.8, 122.6, 120.7, 119.8, 116.9, 64.4, 64.2, 62.9, 33.3, 30.3, 28.2, 28.1, 23.3, 20.4, 14.7.
HRMS (ESI) exact mass calculated for Cs:HssNO* ([M+H]*): Cal: 450.2791; Found:
450.2793.

cis-2,6-dibenzylpiperidine (3.91e): According to GP 3: To the oxazine 3.89d (25 mg, 0.06

mmol), benzylmagnesium chloride (1 M in THF, 0.4 mL, 0.4

mmol) was added dropwise at -3 °C and the mixture was stirred
a for 12 h under argon atmosphere. The crude product was

subjected to neutral alumina column chromatography (EtOAc : Hexane, 1 : 30 ) to afford
3.91e” as brown oil (15 mg, 92%). FTIR (KBr): v = 3029, 2925, 2853, 1494, 1453, 1089,
1056, 1030, 747,702 cm™. *H NMR (400 MHz, CDCls) § = 7.23 — 7.20 (m, 4H), 7.16 — 7.15
(m, 2H), 7.12 — 7.10 (m, 4H), 2.70 — 2.66 (m, 2H), 2.63 — 2.53 (m, 4H), 1.80 — 1.77 (m, 1H),
1.66 — 1.63 (m, 2H), 1.22 — 1.13 (m, 3H). 3C NMR (101 MHz, CDCls) & = 138.9, 129.1,
128.3, 126.1, 58.4, 43.6, 32.3, 24.6. HRMS (ESI) exact mass calculated for CioH24N*

([M+H]"): Cal: 266.1903; Found: 266.1893.

cis-2,7-dibenzylazepane (3.91f): According to GP 3: To the oxazine 3.89g (28 mg, 0.07

¢

subjected to neutral alumina column chromatography (EtOAc : Hexane, 1 : 30) to afford 3.91f
as light yellow oil (18 mg, 98%). FTIR (KBr): v = 3064, 3019, 2915, 2854, 1627, 1602, 1495,
1454, 1261, 1079, 1021, 805,743, 698 cm™. *H NMR (400 MHz, CDCl3) § = 7.12 — 7.09 (m,
6H), 6.96 — 6.94 (m, 4H), 2.77 — 2.72 (m, 2H), 2.68 — 2.64 (m, 2H), 2.43 —2.38 (m, 2H), 1.78
—1.64 (m, 6H), 1.48 — 1.41 (m, 2H). 3C NMR (101 MHz, CDCls) & = 139.3, 128.9, 128.6,

mmol), benzylmagnesium chloride (1 M in THF, 0.2 mL, 0.2
O mmol) was added dropwise at -3 °C and the mixture was stirred

for 1 h under argon atmosphere. The crude product was

N
H

" Zheng, G.; Dwoskin, L. P.; Deaciuc, A. G.; Crooks, P. A. Bioorg. Med. Chem. Lett. 2008, 18,
6509.
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126.3,60.8,44.1, 37.4, 25.4. HRMS (ESI) exact mass calculated for CooHzsN* ([M+H]"): Cal:
280.2060; Found: 280.2058.

cis-2,5-diphenethylpyrrolidine (3.91aa): According to GP 3: To the oxazine 3.89aa (47

»

atmosphere. The crude product was subjected to neutral alumina column chromatography
(DCM : MeOH, 150 : 1) to afford 3.91aa as brown oil (23 mg, 73%). FTIR (KBr): v = 3450,
3026, 2924, 2853, 1640, 1626, 1602, 1495, 1454, 1236, 1030, 909, 746, 698 cm™. *H NMR
(400 MHz, CDClz) 8 =7.29 - 7.25 (m, 4H), 7.19 — 7.17 (m, 6H), 3.01 — 2.98 (m, 2H), 2.69 —
2.64 (m, 4H), 2.07 —1.98 (m, 2H), 1.92 — 1.84 (m, 4H), 1.82 — 1.72 (m, 2H). °C NMR (101
MHz, CDClz) & = 142.3, 128.5 (2C), 126.0, 59.0, 38.3, 33.9, 31.3. HRMS (ESI) exact mass
calculated for C2oH2sN* ([M+H]): Cal: 280.2060; Found: 280.2058.

mg, 0.12 mmol), phenethylmagnesium chloride (1 M in
O THF, 0.35 mL, 0.35 mmol) was added dropwise at -3 °C

and the mixture was stirred for 12 h under argon

Iz

cis-2,6-diphenethylpiperidine (3.91bb): According to GP 3: To the oxazine 3.89bb (60 mg,
0.14 mmol), phenethylmagnesium chloride (1 M in THF,
N 0.72 mL, 0.72 mmol) was added dropwise at -3 °C and the
O " O mixture was stirred for 18 h under argon atmosphere. The
crude product was subjected to neutral alumina column chromatography (DCM) to afford
3.91bb® as brown oil (19 mg, 45%). FTIR (KBr): v = 3442, 3025, 2924, 2853, 1625, 1602,
1495, 1453, 1030, 747, 698 cm™. *H NMR (400 MHz, CDClz) & = 7.29 — 7.25 (m, 5H), 7.19
—7.16 (m, 5H), 2.62 (t, J = 7.9 Hz, 4H), 2.54 — 2.48 (m, 2H), 1.78 — 1.68 (m, 6H), 1.41 — 1.33
(m, 1H), 1.16 — 1.08 (m, 3H). 3C NMR (101 MHz, CDCls) § = 142.3, 128.6, 128.5, 126.0,
56.9, 38.8, 32.6, 32.4, 24.8. HRMS (ESI) exact mass calculated for Co1H2sN™ ([M+H]™): Cal:
294.2216; Found: 294.2216.

cis-2,7-diphenethylazepane (3.91cc): According to GP 3: To the oxazine 3.89cc (25 mg,
0.06 mmol) phenethylmagnesium chloride (1 M in THF,
0.20 mL, 0.20 mmol) was added dropwise at -3 °C and the
O N O mixture was stirred for 2 h under argon atmosphere. The
crude product was subjected to neutral alumina column
chromatography (DCM) to afford 3.91cc as brown oil (15 mg, 90%). FTIR (KBr): v = 3441,

8 Zheng, G.; Dwoskin, L. P.; Deaciuc, A. G.; Norrholm, S. D.; Crooks, P. A. J. Med. Chem. 2005,
48, 5551.
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2924, 2853, 1653, 1639, 1495, 1453, 1260, 1078, 1030, 747, 698 cm™. *H NMR (400 MHz,
CDCl3) § = 7.30 — 7.25 (m, 5H), 7.20 — 7.16 (m, 5H), 2.87 — 2.79 (m, 1H), 2.75 — 2.64 (m,
3H), 2.63 — 2.55 (M, 2H), 1.89 — 1.85 (m, 1H), 1.81 — 1.52 (m, 11H). 3C NMR (101 MHz,
CDCl3) & = 142.5, 128.6 (2C), 126.0, 58.8, 39.9, 37.4, 33.3, 25.5. HRMS (ESI) exact mass
calculated for C22H3oN* ([M+H]"): Cal: 308.2373; Found: 308.2364.
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7.4 Metal and Oxidant Free Direct C-H Aryloxylation of N-Heterocycles

General procedure for preparation of ketones (GP 5):?

2-Naphthol (1.44 g, 10 mmol) in 10 mL of BF3.OEt> was heated at 60 °C to make it soluble.
Then benzoic acid (1.1 eq) was added to it and resulting reaction mixture was heated at 100
°C for 20 h. Reaction mixture was cooled to room temperature and diluted with water (50
mL). Then the mixture was extracted with EtOAc (3 x 30 mL). Then the combined organic
layers were dried (Na2SOa) and concentrated in vacuum. The crude product was purified by

Si0O2-gel-column chromatography.

(2-Hydroxy-naphthalen-1-yl)-phenyl-methanone (4.10b): According to GP 5: 2-Naphthol

(1.44 g, 10.00 mmol), benzoic acid (1.34 g, 11.00 mmol) in 10 mL

O Y BF3.OEt; for 20 h and SiO2- column chromatography (EtOAc : Hexane, 1

OH :20) to afford 4.10b?2 as orange crystal (1.61 g, 65%). *H NMR (400 MHz,

OO CDCl3)6=11.15 (s, 1H), 7.86 (d, J = 9.0 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H),

7.56 — 7.54 (m, 2H), 7.450 — 7.47 (m, 1H), 7.35 — 7.31 (m, 2H), 7.22 (t, J = 7.6 Hz, 2H), 7.17
(d, J=8.9 Hz, 1H), 7.11 — 7.05 (m, 1H).

(2-Hydroxy-naphthalen-1-yl)-(4-methoxy-phenyl)-methanone (4.10f): According to GP

e 5: 2-Naphthol (0.57 g, 4.00 mmol), 4-methoxy-benzoic acid (0.66 g,

O o 440 mmol) in 4 mL BF3.OEt; for 20 h and SiOz-column

on Chromatography (EtOAc : Hexane, 1 : 15) to afford 4.10f* as yellow

OO crystal, (0.49 g, 44 %). 'H NMR (600 MHz, CDCl3) § =10.59 (s, 1H),

7.91 (d, J = 9.0 Hz, 1H), 7.76 — 7.75 (m, 1H), 7.66 — 7.63 (m, 2H),

7.42-7.41(d,J=8.5Hz, 1H), 7.29 - 7.27 (m, 1H), 7.23 (d, J = 9.0 Hz, 1H), 7.21 - 7.18 (m,
1H), 6.89 — 6.86 (m, 2H), 3.86 (s, 3H).

! Kumar, A.; Ahmad, P.; Maurya, R. A.; Singh, A. B.; Srivastava, A. K. Eur. J. Med. Chem. 2009,
44, 109.

2 Park, K. K.; Jeong, J. Tetrahedron 2005, 61, 545.

3 Li, W.; Lai, H.; Ge, Z.; Ding, C.; Zhou, Y. Synth. commun. 2007, 37, 1595.

* Negi, A. S.; Dwivedi, I.; Setty, B. S.; Ray, S. Indian J. Pharm. Sci. 1994, 56, 105.
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(2-Hydroxy-naphthalen-1-yl)-p-tolyl-methanone (4.10g): According to GP 5: 2-Naphthol

O (0.57 g, 4.0 mmol), 4-methyl-benzoic acid (0.59 g, 4.40 mmol) in 4 mL
o BF3.0OEt, for 20 h and SiO2-column chromatography (EtOAc : Hexane,
OO OH 1:30) to afford 4.10g as yellow crystal, (0.43 gm, 41%). 'H NMR (400

MHz, CDCls) 3= 10.99 (s, 1H), 7.91 (d, J = 9.0 Hz, 1H), 7.74 (d, J = 8.0
Hz, 1H), 7.55 — 7.53 (m, 2H), 7.37 — 7.34 (m, 1H), 7.28 — 7.22 (m, 2H), 7.19 — 7.15 (m, 3H),
2.40 (s, 3H). *C NMR (101 MHz, CDCls) 8 =200.1, 160.9, 143.9, 137.7, 136.0, 132.6, 129.9,
129.4, 128.7, 128.6, 126.8, 126.5, 123.8, 119.3, 114.9, 21.9.

(2-hydroxynaphthalen-1-yl)(4-hydroxyphenyl)methanone (4.10h): According to GP 5:

HO O 2-Naphthol (0.58 g, 4.00 mmol), 4-hydroxy benzoic acid (0.61 g, 4.40
O mmol) in 4 mL BFs.OEt, for 16 h and SiO.-column chromatography
OO OH (EtOAc : Hexane, 1 : 20) to afford 4.10h* as whitish solid (0.42 g,

40%). H NMR (400 MHz, CDCl3) § = 10.66 (s, 1H), 7.92 (d, J = 9.0
Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.63 — 7.59 (m, 2H), 7.43 — 7.41(m, 1H), 7.29 (t, J = 7.4
Hz, 1H), 7.25 — 7.23 (m, 1H), 7.21 — 7.19 (M, 1H), 6.84 — 6.80 (m, 2H).

(4-Chloro-phenyl)-(2-hydroxy-naphthalen-1-yl)-methanone (4.10i): According to GP 5:
2-Naphthol (0.28 g, 2.0 mmol), 4-chlorobenzoic acid (0.34 g, 2.20

Cl
O o mmol) in 2 mL BFs.OEt for 52 h and SiO2-column chromatography
oy (EtOAc: Hexane 1: 30) to afford as 4.10i° brown solid (70 mg, 12%).
OO 'H NMR (400 MHz, CDCl3) & = 11.09 (s, 1H), 7.94 (d, J = 9.0 Hz,
1H), 7.77 — 7.75 (m, 1H), 7.59 — 7.57 (m, 2H), 7.39 — 7.37 (m, 2H),

7.31 - 7.28 (m, 2H), 7.26 — 7.18 (m, 2H).

(2-Hydroxy-7-methoxy-naphthalen-1-yl)-phenyl-methanone (4.10j): According to GP 5:

7-Methoxy-naphthalen-2-ol (0.52 g, 3.00 mmol), benzoic acid (0.40

O o g, 3.30 mmol) in 3 mL BF3.OEt; for 16 h and SiO2-column

0 oH chromatography (EtOAc : Hexane, 1 : 20) to afford 4.10j as yellow
OO solid (0.43 g, 51%). '"H NMR (400 MHz, CDCls) & = 11.66 (s, 1H),

7.86 — 7.84 (m, 1H), 7.63 — 7.61 (m, 3H), 7.57 — 7.53 (m, 1H), 7.45 — 7.42 (m, 2H), 7.08 (d,
J=8.9Hz, 1H), 6.89 — 6.88 (M, 1H), 6.59 (s, 1H), 3.27 (s, 3H). 1*C NMR (101 MHz, CDCls)

5 Malik, V. P.: Saharia, G. S. J. Sci & Ind. Res., 1956, 15B, 633.
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8=200.9,163.0, 158.3,141.0, 136.7, 134.3, 132.39, 130.2, 129.3, 128.8, 123.9, 116.7, 116.1,
113.8, 106.7, 54.6.

(6-Bromo-2-hydroxy-naphthalen-1-yl)-phenyl-methanone (4.10k): According to GP 5:

6-Bromo-naphthalen-2-ol (0.44 g, 2.00 mmol), benzoic acid (0.26 g,

O 0 220 mmol) in 2 mL BF:.OEt; for 16 h and SiO2-column

OH chromatography (EtOAc : Hexane, 1 : 15) to afford 4.10k as reddish

OO brown solid (0.15 g, 23%). *H NMR (400 MHz, CDClz) § = 11.18 (s,

Br 1H), 7.90 — 7.89 (m, 1H), 7.83 (d, J = 9.0 Hz, 1H), 7.61 — 7.55 (m, 3H),

7.43-7.39 (m, 2H), 7.27 — 7.25 (m, 1H), 7.23 — 7.20 (m, 1H), 7.16 — 7.14 (m, 1H). *C NMR

(101 MHz, CDClIs3) 6 =200.1, 161.6, 140.1, 131.1, 130.6, 130.0, 129.6, 128.9, 128.0, 120.6,
119.0, 117.6, 114.6.

General procedure for the preparation of oxazine (GP 6):

Aldehyde or ketone (0.29 mmol), toluene (1.5 mL) and amine (0.24 mmol) were added
successively to an oven dried microwave reaction tube containing a stirring bar. Then the tube
was sealed with cap and resulting solution was heated at 145 °C for 20 min under microwave
irradiation (200 watt). Then the reaction mixture was cooled to room temperature. After that
the crude mixture was transferred to round bottom flask with DCM. Then the volatiles were
removed under vacuum to give gummy liquid. The liquid was subjected to SiO2-gel column

chromatography to afford analytically pure oxazine.

8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-b][1,3]oxazine (4.11a): According

to GP 6: Pyrrolidine (20 pL, 0.24 mmol), 2-hydroxy naphthaldehyde (0.10

NQ g, 0.60 mmol) in 1 mL of toluene 130 °C under microwave irradiation for

OO © 20 min and SiO2-column chromatography (EtOAc : Hexane, 1 : 30) to

afford 4.11a° brown solid (39 mg, 72%). *H NMR (600 MHz, CDCls3) § =

7.77 - 7.76 (m, 1H), 7.64 — 7.63 (m, 2H), 7.49 — 7.46 (m, 1H), 7.36 — 7.34 (m, 1H), 7.01 (d,

J=8.9 Hz, 1H), 5.14 — 5.13 (m, 1H), 4.62 (d, J = 16.9 Hz, 1H), 4.28 (d, J = 17.0 Hz, 1H),
3.17-3.13 (m, 1H), 2.99 — 2.95 (m, 1H), 2.24 — 2.14 (m, 2H), 2.09 — 1.96 (m, 2H).

6 Mahato, S.; Haldar, S.; Jana, C. K. Chem. Commun. 2014, 50, 332.
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rac-(7aS,12R)-12-phenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-
b][1,3]oxazine (4.11b): According to GP 6: Pyrrolidine (20 uL, 0.24
O NQ mmol), (2-hydroxynaphthalen-1-yl)(phenyl)methanone (72 mg, 0.29
o 1 mmol) in 1 mL of toluene at 145 °C under microwave irradiation for 20
OO min and SiO2-column chromatography (EtOAc : Hexane, 1 : 40) to afford
4.11b°% as white solid (69 mg, 96%). *H NMR (400 MHz, CDClz) § = 7.70 — 7.67 (m, 1H),
7.65 (d, J = 9.0 Hz, 1H), 7.33 — 7.29 (m, 1H), 7.21 — 7.13 (m, 7H), 7.00 (d, J = 8.9 Hz, 1H),
5.38 (s, 1H), 5.02 — 4.99 (m, 1H), 3.29 — 3.22 (m, 1H), 2.87 — 2.81 (m, 1H), 2.03 — 1.89 (m,
4H).

9-phenyl-2,3,3a,9-tetrahydro-1H-benzo[e]pyrrolo[2,1-b][1,3]oxazine (4.11c): According

to GP 6: 2-Hydroxy benzophenone (48 pL, 0.29 mmol), pyrrolidine (20

O NQ pL, 0.24 mmol) in 1 mL of toluene 145 °C under microwave irradiation for

o 20 min and SiO2-column chromatography (EtOAc : Hexane, 1 : 40) to

O afford diastereomeric mixture (3:1) of 4.11c’ as colorless oil (26 mg, 43%).

'H NMR (600 MHz, CDCl3) § = 7.33 — 7.14 (m, 6H), 6.97 — 6.95 (m, 1H),

6.88 — 6.84 (m, 2H), 5.01 — 5.00 (m, 1H), 4.95 (s, 1H), 3.31 — 3.26 (m, 1H), 2.95 — 2.88 (m,
1H), 2.10 — 1.90 (m, 4H).

rac-(7aS,12R)-12-(4-methoxyphenyl)-8,9,10,12-tetrahydro-7aH-naphtho[1,2-
| e]pyrrolo[2,1-b][1,3]oxazine (4.11d): According to GP 6: Pyrrolidine
© O (40 uL, 0.49 mmol), (2-hydroxynaphthalen-1-yl)(4-
NQH methoxyphenyl)methanone (0.16 g, 0.58 mmol) in 1.5 mL of toluene
OO © 4t 145 °C under microwave irradiation for 20 min and SiOz-column
chromatography (EtOAc : Hexane 1 : 40) to afford 4.11d° as whitish
solid (0.12 g, 74%).*H NMR (400 MHz, CDCls) § = 7.75 — 7.73 (m, 1H), 7.70 (d, J = 8.9 Hz,
1H), 7.41 - 7.37 (m, 1H), 7.31 - 7.23 (m, 2H), 7.17 — 7.15 (m, 2H), 7.06 (d, J = 8.9 Hz, 1H),
6.81—6.77 (M, 2H), 5.40 (s, 1H), 5.09 — 5.08 (m, 1H), 3.74 (s, 3H), 3.34 — 3.27 (m, 1H), 2.91

—2.85 (m, 1H), 2.14 — 1.93 (m, 4H).

rac-(7aS,12R)-12-p-tolyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-
b][1,3]oxazine (4.11e): According to GP 6: Pyrrolidine (40 pL, 0.49 mmol), 2-
hydroxynaphthalen-1-yl)(p-tolyl)methanone (0.15 g, 0.58 mmol) in 1.5 mL of toluene at 145

" Deb, M. L.; Dey, S. S.; Bento, I.; Barros, M. T.; Maycock, C. D. Angew. Chem. Int. Ed. 2013, 52,
9791.
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°C under microwave irradiation for 20 min, SiO2-column chromatography (EtOAc : Hexane,
1 : 40) to afford 4.11e%" as white solid (92 mg, 61%). *H NMR (400
O NQ MHz, CDCls) & = 7.62 (d, J = 7.7 Hz, 1H), 7.58 (d, J = 9.0 Hz, 1H),
o 730_727 (m, 1H), 7.17 — 7.11 (m, 2H), 7.04 — 7.02 (m, 2H), 6.98 —
OO 6.94 (m, 3H), 5.30 (s, 1H), 5.00 —4.98 (m, 1H), 3.19 (t, J = 7.6 Hz, 1H),
2.81-2.75 (m, 1H), 2.17 (s, 3H), 2.01 — 1.82 (m, 4H).
rac-4-((7aS,12R)-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-b][1,3]oxazin-
12-yl)phenol (4.11f): According to GP 6: Pyrrolidine (30 pL, 0.36
"o O mmol),  2-hydroxynaphthalen-1-yl)(4-hydroxyphenyl)methanone
N?H (0.12 g, 0.44 mmol) in 1.5 mL of toluene and 1mL xylene at 145 °C
OO under microwave irradiation for 40 min and SiO2-column
chromatography (EtOAc : Hexane, 1 : 10) to afford 4.11f as white
solid (55 mg, 52%). FTIR (KBr): v = 3441, 2917, 2850, 1625, 1568, 1432, 1421, 1229, 991,
899, 816, 668 cm™. *H NMR (400 MHz, CDCl3 with added Methanol-ds) § = 7.64 (d, J = 7.6
Hz, 1H), 7.60 (d, J = 9.1 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.19 — 7.13 (m, 2H), 6.99 — 6.94
(m, 3H), 6.63 — 6.61 (m, 2H), 5.29 (s, 1H), 5.02 — 5.01 (m, 1H), 3.24 — 3.17 (m, 1H), 2.81 —
2.75 (m, 1H), 2.01 — 1.90 (m, 4H). *C NMR (101 MHz, CDCls with added Methanol-ds) § =
155.7, 150.9, 134.0, 132.0, 129.5, 128.7, 128.4, 128.0, 125.9, 122.6, 122.3, 118.1, 114.7,
110.3, 85.5, 55.6, 49.6, 31.4, 20.3. HRMS exact mass calculated for C21H20NO,*([M+H]"):
318.1489; Found: 318.1488.
rac-(7aS,12R)-12-(4-chlorophenyl)-8,9,10,12-tetrahydro-7aH-naphthol[1,2-
cl e]pyrrolo[2,1-b][1,3]Joxazine (4.11g): According to GP 6:
O NQ Pyrrolidine (16 uL, 0.19 mmol), (4-chlorophenyl)(2-
oH hydroxynaphthalen-1-yl)methanone (66 mg, 0.24 mmol) in 1 mL of
OO toluene at 145 °C under microwave irradiation for 40 min and SiO»-
column chromatography (EtOAc : Hexane, 1 : 40) to afford 4.11g%’
as light yellow solid (44 mg, 67%). *H NMR (600 MHz, CDCls) § = 7.77 — 7.73 (m, 1H),
7.71(d, J =8.9 Hz, 1H), 7.32 (d, J = 7.8 Hz, 1H), 7.31 - 7.26 (m, 2H), 7.23 — 7.20 (m, 2H),
7.18 — 7.16 (m, 2H), 7.06 (d, J = 8.9 Hz, 1H), 5.40 (s, 1H), 5.01 — 4.99 (m, 1H), 3.33 — 3.29
(m, 1H), 2.92 — 2.87 (m, 1H), 2.13 - 2.06 (m, 1H), 2.06 — 1.95 (m, 3H).

rac-(7aS,12R)-2-methoxy-12-phenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-
e]pyrrolo[2,1-b][1,3]oxazine (4.11h): According to GP 6: Pyrrolidine (30 pL, 0.36 mmol),
(2-hydroxy-7-methoxynaphthalen-1-yl)(phenyl)methanone (0.12 g, 0.44 mmol) in 1.5 mL of
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toluene at 145 °C under microwave irradiation for 40 min and crystallization and after

O washing (10 X 1 mL of cold EtOAc : Hexane, 1 : 30) to afford
NQ 4.11h" as white solid (94 mg, 78%). *H NMR (400 MHz, CDCls) §
MeO OO 0" 765760 (m, 2H), 7.27 — 7.21 (m, 5H), 6.94 — 6.90 (M, 2H),
6.63 (s, 1H), 5.33 (s, 1H), 5.13 - 5.09 (m, 1H), 3.61 (s, 3H), 3.38 —

3.29 (m, 1H), 2.97 — 2.91 (m, 1H), 2.16 — 1.92 (m, 4H).

rac-(7aS,12R)-3-bromo-12-phenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-
e]pyrrolo[2,1-b][1,3]Joxazine (4.11i): According to GP 6:
O NQ Pyrrolidine (20 pL, 0.24 mmol), (6-bromo-2-hydroxynaphthalen-1-
o ™ yl)(phenyl)methanone (95 mg, 0.29 mmol) in 1 mL of toluene at 145
OO °C under microwave irradiation for 20 min and SiO2-column
o chromatography (EtOAc : Hexane, 1 : 40) to afford 4.11i’ as brown
solid (70 mg, 75%). *H NMR (600 MHz, CDCls) 6 = 7.89 — 7.87 (m, 1H), 7.61 (d, J = 9.0
Hz, 1H), 7.33 (dd, J = 9.0, 2.0 Hz, 1H), 7.28 — 7.20 (m, 6H), 7.08 (d, J = 9.0 Hz, 1H), 5.40
(s, 1H), 5.07 —5.06 (m, 1H), 3.35 - 3.32 (m, 1H), 2.91 — 2.87 (m, 1H), 2.11 — 1.98 (m, 4H).
rac-(7aS,13R)-13-phenyl-7a,8,9,10,11,13-hexahydronaphtho[1,2-e]pyrido[2,1-
b][1,3]Joxazine (4.11j): According to GP 6: Piperidine (30 uL, 0.30
O ,\Q mmol), (2-hydroxynaphthalen-1-yl)(phenyl)methanone (90 mg, 0.36
o H mmol ) in 1 mL of toluene at 145°C under microwave irradiation for 40
OO min and SiOz-column chromatography (EtOAc : Hexane, 1 : 40) to
afford 4.11j%7 as white solid (43 mg, 45%). *H NMR (600 MHz, CDCls)
§=7.77—-7.76 (m, 1H), 7.73 (d, J = 8.8 Hz, 1H), 7.37 — 7.34 (m, 1H), 7.28 — 7.23 (m, 7H),
7.14 —7.12 (m, 1H), 5.17 (s, 1H), 4.90 — 4.88 (m, 1H), 2.87 — 2.83 (m, 2H), 1.98 — 1.95 (m,
1H), 1.81 — 1.72 (m, 3H), 1.60 — 1.97 (m, 2H).

Oxazine (4.11k): According to GP 6: 1,2,3,4-tetrahydroisoquinoline (42 pL, 0.33 mmol),
(2-hydroxynaphthalen-1-yl)(phenyl)methanone (0.10 g, 0.40 mmol)

O ,\(;@ in 1.5 mL of toluene 20 min 145 °C under microwave irradiation and
o H SiO2-column chromatography (EtOAc : Hexane, 1 : 40) to afford

OO 4.11k as white solid (81 mg, 66%). FTIR (KBr): v = 2921, 2855,
1621, 1597, 1463, 1402, 1257, 1235, 1137, 1091, 1067, 985, 878, 857,

748, 725, 698 cm™. *H NMR (400 MHz, CDCl3) 6 = 7.78 (d, J = 6.8 Hz, 1H), 7.73 (d, J = 9.0
Hz, 1H), 7.43 - 7.41 (m, 1H), 7.31 - 7.30 (m, 7H), 7.24 — 7.18 (m, 4H), 7.11 (d, J = 9.0 Hz,
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1H), 5.65 (s, 1H), 5.43 (s, 1H), 3.40 — 3.24 (m, 2H), 3.11 - 3.08 (m, 1H), 2.89 — 2.85 (m, 1H).
13C NMR (101 MHz, CDCls) § = 152.2, 142.6, 135.2, 133.3, 132.6, 129.5, 129.3, 129.1,
129.0, 128.98, 128.96, 128.8, 128.5, 127.6, 126.8, 126.4, 123.3, 122.9, 119.1, 111.1, 82.4,
62.9, 45.6, 29.6. HRMS (ESI) exact mass calculated for C2sH22NO™* ([M+H]"): 364.1696;
Found: 364.1684.

rac-(7aS,13R)-13-Phenyl-7a,8,9,10,11,12-hexahydro-13H-7-oxa-12a-aza-cyclohepta
[b]phenanthrene (4.111): According to GP 6: Hexamethyleneimine (30 pL, 0.26 mmol), (2-
hydroxynaphthalen-1-yl)(phenyl)methanone (79 mg, 0.32 mmol) in 1 mL

O N of toluene 145 °C under microwave irradiation for 40 min and SiO»-
NG column chromatography (EtOAc : Hexane, 1 : 40) to afford 4.1115" as
OO white solid (57 mg, 66%). 'H NMR (600 MHz, CDCls) & = 7.75 — 7.74

(m, 1H), 7.71 (d, J = 8.9 Hz, 1H), 7.34 — 7.33 (m, 1H), 7.28 — 7.24 (m,
6H), 7.22 — 7.19 (m, 1H), 7.10 (dd, J = 8.9, 2.0 Hz, 1H), 5.29 (s, 1H), 4.87 — 4.85 (m, 1H),
3.26 — 3.22 (m, 1H), 2.69 — 2.67 (m, 1H), 2.22 — 2.17 (m, 1H), 1.89 — 1.82 (m, 2H), 1.78 —
1.71 (m, 2H), 1.67 — 1.64 (m, 1H), 1.50 — 1.44 (m, 1H), 1.43 — 1.35 (m, 1H).

Oxazine (4.11m): According to GP 6: Heptamethyleneimine (40 pL, 0.31 mmol), (2-

hydroxynaphthalen-1-yl)(phenyl)methanone (94 mg, 0.37 mmol ) in 1
O mL of toluene first 40 min 100 °C then another 10 min at 145 °C under
N microwave irradiation and SiOz-column chromatography (EtOAc :
OO © Hexane, 1 : 60) to afford 4.11m°® as light yellow solid (41 mg, 38%). *H

NMR (600 MHz, CDCl3) § = 7.76 — 7.75(m, 1H), 7.71 (d, J = 8.9 Hz,
1H), 7.34 — 7.33 (m, 1H), 7.29 — 7.21 (m, 7H), 7.09 (d, J = 8.9 Hz, 1H), 5.28 (s, 1H), 4.70 —
4.67 (m, 1H), 3.28 —3.23 (m, 1H), 2.59 —2.55 (m, 1H), 1.98 — 1.87 (m, 5H), 1.55 - 1.51 (m,
2H), 1.48 — 1.43 (m, 3H).

rac-(7aS,12R)-9-Methyl-12-(3-nitro-phenyl)-8,9,10,11-tetrahydro-7aH,12H-7-oxa-
9,11adiaza-benzo [a]anthracene(4.11n): According to GP 6: N-methyl

7~
O N\g piperazine (30uL, 0.27 mmol), (2-hydroxynaphthalen-1-
o H yl)(phenyl)methanone (0.13 g, 0.54 mmol) in 1.5 mL of toluene at 145
OO °C under microwave irradiation for 40 min and SiOz-column

chromatography (EtOAc : Hexane, 1 : 8) to afford 4.11n® as white solid
(24 mg, 20%). *H NMR (600 MHz, CDCl3) 6 =7.77 — 7.76 (m, 1H), 7.72 (d, J = 9.0 Hz, 1H),
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7.35 —7.33 (m, 1H), 7.28 — 7.25 (m, 3H), 7.24 — 7.21 (m, 5H), 5.23 (s, 1H), 4.83 — 4.81 (m,
1H), 3.21 - 3.17 (m, 1H), 3.11 — 3.09 (m, 1H), 2.89 — 2.88 (M, 2H), 2.45 — 2.39 (m, 1H), 2.34
(s, 3H), 2.21 — 2.17 (m, 1H).

rac-(1R,3S)-2-ethyl-2,3-dihydro-3-methyl-1-phenyl-1H-naphtho[1,2-e][1,3]oxazine
O ( (4.110): According to GP 6: Diethylamine (35 pL, 0.33 mmol), (2-
N\’< hydroxynaphthalen-1-yl)(4-methoxyphenyl)methanone (0.10 g, 0.40
o1 mmol) in 1.5 mL of toluene at 145 °C under microwave irradiation for 40
OO min and SiO2-column chromatography (EtOAc : Hexane 1 : 80) to afford
4.110° as brown solid (22 mg, 21%). *H NMR (400 MHz, CDCl3) § = 7.75 — 7.71 (m, 2H),
7.33 - 7.07 (m, 9H), 5.40 (s, 1H), 4.94 (m, 1H), 3.09 (m, 1H), 2.46 (m, 1H), 1.46 — 1.42 (m,
3H), 1.27 (m, 3H).

2,4-di-tert-butyl-5a,6,7,8,9,11-hexahydrobenzo[e]pyrido[2,1-b][1,3]oxazine (4.11p):

According to GP 6: Piperidine (35uL, 0.36 mmol), 3,5-di-tert-butyl

Q salicylaldehyde (0.10 g, 0.43 mmol) in 1.5 mL of toluene at 145 °C under

o  Microwave irradiation for 30 min and SiO2-column chromatography

(EtOAC : Hexane, 1 : 25) to afford 4.11p as yellow oil (51 mg, 47%). FTIR

(KBr): v = 2949, 2865, 1652, 1641, 1479, 1449, 1360, 1226, 1128, 1103,

1069, 879, 870, 758 cm™. *H NMR (600 MHz, CDCl3) & = 7.15 (s, 1H), 6.81 (s, 1H), 4.85 —

4.83 (m, 1H), 4.30 (d, J = 16.1 Hz, 1H), 3.61 (d, J = 16.1 Hz, 1H), 2.94 — 2.90 (m, 1H), 2.54

—2.51 (m, 1H), 2.01 — 1.98 (m, 1H), 1.87 — 1.83 (m, 1H), 1.78 — 1.70 (m, 3H), 1.61 — 1.57

(m, 1H), 1.40 (s, 9H), 1.29 (s, 9H).3C NMR (101 MHz, CDCls) § = 150.3, 142.0, 136.4,

121.9, 121.7, 118.3, 86.3, 54.7, 48.2, 35.1, 34.4, 31.8, 30.7, 29.9, 25.5, 19.4. HRMS (ESI)
exact mass calculated for C2oH32NO™ ([M+H]"): 302.2478; Found : 302.2478.

10-methyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-b][1,3]oxazine (4.11Q):
According to GP 6: 2-Hydroxy naphthaldehyde (86 mg, 0.50 mmol), 1-

N methyl pyrrolidine (20 pL, 0.19 mmol) in 1 mL of toluene at 130 °C under

5 microwave irradiation for 20 min and SiO.-column chromatography

OO (EtOAC : Hexane, 1 : 20) to afford inseparable regio-isomeric mixture
(~5:1) of 4.11q as brown solid (22 mg, 46%). FTIR (KBr): v = 2960,

2920, 2853, 1635, 1516, 1467, 1434, 1396, 1261, 1228, 1095, 1074, 1016, 860, 811, 746 cm’

1, 1H NMR (400 MHz, CDCl3) 8 = 7.76 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.6 Hz, 1H), 7.63 (d,

151



J = 8.8 Hz, 1H), 7.50 — 7.47 (m, 1H), 7.36 — 7.32 (m, 1H), 6.99 (d, J = 8.9 Hz, 1H), 5.26 —
5.25 (m, 1H), 4.58 (d, J = 17.4 Hz, 1H), 4.27 (d, J = 17.5 Hz, 1H), 3.15 — 3.10 (m, 1H), 2.29
—2.03 (m, 4H), 1.23 (d, J = 6.0 Hz, 3H). HRMS (ESI) exact mass calculated for C16H1sNO™
(IM+H]*): 240.1383; Found: 240.1381.

7a-methyl-12-phenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-
b][1,3]oxazine(4.11r): According to GP 6: 2-Methyl pyrrolidine (34 uL,
O N 0.33 mmol), (2-hydroxynaphthalen-1-yI)(phenyl)methanone (0.10 g, 0.40
O mmol) in 1.5 mL of toluene at 145 °C for 20 min under microwave
OO irradiation and SiO2-column chromatography (EtOAc : Hexane, 1 : 30) to
afford inseparable regio-isomeric mixture (~4:1) of 4.11r as yellowish oil (85 mg, 82%).
FTIR (KBr): v = 2935, 2850, 1623, 1599, 1514, 1462, 1380, 1241, 1109, 1065, 972, 811, 746,
702, 623 cm™. 'H NMR (400 MHz, CDCl3) § = 7.80 — 7.78 (m, 1H), 7.75 (d, J = 8.9 Hz, 1H),
7.31-7.19 (m, 8H), 7.09 (d, J = 8.9 Hz, 1H), 5.50 (s, 1H), 3.52 — 3.47 (m, 1H), 3.02 — 2.96
(m, 1H), 2.28 — 2.22 (m, 1H), 2.10 — 2.07 (m, 1H), 1.96 — 1.87 (m, 2H), 1.04 (s, 3H). HRMS
(ESI) exact mass calculated for C22H22NO™ ([M+H]"): 316.1696; Found: 316.1685.
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7.4 Metal and Oxidant Free Direct C-H Aryloxylation of N-Heterocycles

General procedure for preparation of ketones (GP 5):?

2-Naphthol (1.44 g, 10 mmol) in 10 mL of BF3.OEt> was heated at 60 °C to make it soluble.
Then benzoic acid (1.1 eq) was added to it and resulting reaction mixture was heated at 100
°C for 20 h. Reaction mixture was cooled to room temperature and diluted with water (50
mL). Then the mixture was extracted with EtOAc (3 x 30 mL). Then the combined organic
layers were dried (Na2SOa) and concentrated in vacuum. The crude product was purified by

Si0O2-gel-column chromatography.

(2-Hydroxy-naphthalen-1-yl)-phenyl-methanone (4.10b): According to GP 5: 2-Naphthol

(1.44 g, 10.00 mmol), benzoic acid (1.34 g, 11.00 mmol) in 10 mL

O Y BF3.OEt; for 20 h and SiO2- column chromatography (EtOAc : Hexane, 1

OH :20) to afford 4.10b?2 as orange crystal (1.61 g, 65%). *H NMR (400 MHz,

OO CDCl3)6=11.15 (s, 1H), 7.86 (d, J = 9.0 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H),

7.56 — 7.54 (m, 2H), 7.450 — 7.47 (m, 1H), 7.35 — 7.31 (m, 2H), 7.22 (t, J = 7.6 Hz, 2H), 7.17
(d, J=8.9 Hz, 1H), 7.11 — 7.05 (m, 1H).

(2-Hydroxy-naphthalen-1-yl)-(4-methoxy-phenyl)-methanone (4.10f): According to GP

e 5: 2-Naphthol (0.57 g, 4.00 mmol), 4-methoxy-benzoic acid (0.66 g,

O o 440 mmol) in 4 mL BF3.OEt; for 20 h and SiOz-column

on Chromatography (EtOAc : Hexane, 1 : 15) to afford 4.10f* as yellow

OO crystal, (0.49 g, 44 %). 'H NMR (600 MHz, CDCl3) § =10.59 (s, 1H),

7.91 (d, J = 9.0 Hz, 1H), 7.76 — 7.75 (m, 1H), 7.66 — 7.63 (m, 2H),

7.42-7.41(d,J=8.5Hz, 1H), 7.29 - 7.27 (m, 1H), 7.23 (d, J = 9.0 Hz, 1H), 7.21 - 7.18 (m,
1H), 6.89 — 6.86 (m, 2H), 3.86 (s, 3H).

! Kumar, A.; Ahmad, P.; Maurya, R. A.; Singh, A. B.; Srivastava, A. K. Eur. J. Med. Chem. 2009,
44, 109.

2 Park, K. K.; Jeong, J. Tetrahedron 2005, 61, 545.

3 Li, W.; Lai, H.; Ge, Z.; Ding, C.; Zhou, Y. Synth. commun. 2007, 37, 1595.

* Negi, A. S.; Dwivedi, I.; Setty, B. S.; Ray, S. Indian J. Pharm. Sci. 1994, 56, 105.
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(2-Hydroxy-naphthalen-1-yl)-p-tolyl-methanone (4.10g): According to GP 5: 2-Naphthol

O (0.57 g, 4.0 mmol), 4-methyl-benzoic acid (0.59 g, 4.40 mmol) in 4 mL
o BF3.0OEt, for 20 h and SiO2-column chromatography (EtOAc : Hexane,
OO OH 1:30) to afford 4.10g as yellow crystal, (0.43 gm, 41%). 'H NMR (400

MHz, CDCls) 3= 10.99 (s, 1H), 7.91 (d, J = 9.0 Hz, 1H), 7.74 (d, J = 8.0
Hz, 1H), 7.55 — 7.53 (m, 2H), 7.37 — 7.34 (m, 1H), 7.28 — 7.22 (m, 2H), 7.19 — 7.15 (m, 3H),
2.40 (s, 3H). *C NMR (101 MHz, CDCls) 8 =200.1, 160.9, 143.9, 137.7, 136.0, 132.6, 129.9,
129.4, 128.7, 128.6, 126.8, 126.5, 123.8, 119.3, 114.9, 21.9.

(2-hydroxynaphthalen-1-yl)(4-hydroxyphenyl)methanone (4.10h): According to GP 5:

HO O 2-Naphthol (0.58 g, 4.00 mmol), 4-hydroxy benzoic acid (0.61 g, 4.40
O mmol) in 4 mL BFs.OEt, for 16 h and SiO.-column chromatography
OO OH (EtOAc : Hexane, 1 : 20) to afford 4.10h* as whitish solid (0.42 g,

40%). H NMR (400 MHz, CDCl3) § = 10.66 (s, 1H), 7.92 (d, J = 9.0
Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.63 — 7.59 (m, 2H), 7.43 — 7.41(m, 1H), 7.29 (t, J = 7.4
Hz, 1H), 7.25 — 7.23 (m, 1H), 7.21 — 7.19 (M, 1H), 6.84 — 6.80 (m, 2H).

(4-Chloro-phenyl)-(2-hydroxy-naphthalen-1-yl)-methanone (4.10i): According to GP 5:
2-Naphthol (0.28 g, 2.0 mmol), 4-chlorobenzoic acid (0.34 g, 2.20

Cl
O o mmol) in 2 mL BFs.OEt for 52 h and SiO2-column chromatography
oy (EtOAc: Hexane 1: 30) to afford as 4.10i° brown solid (70 mg, 12%).
OO 'H NMR (400 MHz, CDCl3) & = 11.09 (s, 1H), 7.94 (d, J = 9.0 Hz,
1H), 7.77 — 7.75 (m, 1H), 7.59 — 7.57 (m, 2H), 7.39 — 7.37 (m, 2H),

7.31 - 7.28 (m, 2H), 7.26 — 7.18 (m, 2H).

(2-Hydroxy-7-methoxy-naphthalen-1-yl)-phenyl-methanone (4.10j): According to GP 5:

7-Methoxy-naphthalen-2-ol (0.52 g, 3.00 mmol), benzoic acid (0.40

O o g, 3.30 mmol) in 3 mL BF3.OEt; for 16 h and SiO2-column

0 oH chromatography (EtOAc : Hexane, 1 : 20) to afford 4.10j as yellow
OO solid (0.43 g, 51%). '"H NMR (400 MHz, CDCls) & = 11.66 (s, 1H),

7.86 — 7.84 (m, 1H), 7.63 — 7.61 (m, 3H), 7.57 — 7.53 (m, 1H), 7.45 — 7.42 (m, 2H), 7.08 (d,
J=8.9Hz, 1H), 6.89 — 6.88 (M, 1H), 6.59 (s, 1H), 3.27 (s, 3H). 1*C NMR (101 MHz, CDCls)

5 Malik, V. P.: Saharia, G. S. J. Sci & Ind. Res., 1956, 15B, 633.
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8=200.9,163.0, 158.3,141.0, 136.7, 134.3, 132.39, 130.2, 129.3, 128.8, 123.9, 116.7, 116.1,
113.8, 106.7, 54.6.

(6-Bromo-2-hydroxy-naphthalen-1-yl)-phenyl-methanone (4.10k): According to GP 5:

6-Bromo-naphthalen-2-ol (0.44 g, 2.00 mmol), benzoic acid (0.26 g,

O 0 220 mmol) in 2 mL BF:.OEt; for 16 h and SiO2-column

OH chromatography (EtOAc : Hexane, 1 : 15) to afford 4.10k as reddish

OO brown solid (0.15 g, 23%). *H NMR (400 MHz, CDClz) § = 11.18 (s,

Br 1H), 7.90 — 7.89 (m, 1H), 7.83 (d, J = 9.0 Hz, 1H), 7.61 — 7.55 (m, 3H),

7.43-7.39 (m, 2H), 7.27 — 7.25 (m, 1H), 7.23 — 7.20 (m, 1H), 7.16 — 7.14 (m, 1H). *C NMR

(101 MHz, CDClIs3) 6 =200.1, 161.6, 140.1, 131.1, 130.6, 130.0, 129.6, 128.9, 128.0, 120.6,
119.0, 117.6, 114.6.

General procedure for the preparation of oxazine (GP 6):

Aldehyde or ketone (0.29 mmol), toluene (1.5 mL) and amine (0.24 mmol) were added
successively to an oven dried microwave reaction tube containing a stirring bar. Then the tube
was sealed with cap and resulting solution was heated at 145 °C for 20 min under microwave
irradiation (200 watt). Then the reaction mixture was cooled to room temperature. After that
the crude mixture was transferred to round bottom flask with DCM. Then the volatiles were
removed under vacuum to give gummy liquid. The liquid was subjected to SiO2-gel column

chromatography to afford analytically pure oxazine.

8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-b][1,3]oxazine (4.11a): According

to GP 6: Pyrrolidine (20 pL, 0.24 mmol), 2-hydroxy naphthaldehyde (0.10

NQ g, 0.60 mmol) in 1 mL of toluene 130 °C under microwave irradiation for

OO © 20 min and SiO2-column chromatography (EtOAc : Hexane, 1 : 30) to

afford 4.11a° brown solid (39 mg, 72%). *H NMR (600 MHz, CDCls3) § =

7.77 - 7.76 (m, 1H), 7.64 — 7.63 (m, 2H), 7.49 — 7.46 (m, 1H), 7.36 — 7.34 (m, 1H), 7.01 (d,

J=8.9 Hz, 1H), 5.14 — 5.13 (m, 1H), 4.62 (d, J = 16.9 Hz, 1H), 4.28 (d, J = 17.0 Hz, 1H),
3.17-3.13 (m, 1H), 2.99 — 2.95 (m, 1H), 2.24 — 2.14 (m, 2H), 2.09 — 1.96 (m, 2H).

6 Mahato, S.; Haldar, S.; Jana, C. K. Chem. Commun. 2014, 50, 332.
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rac-(7aS,12R)-12-phenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-
b][1,3]oxazine (4.11b): According to GP 6: Pyrrolidine (20 uL, 0.24
O NQ mmol), (2-hydroxynaphthalen-1-yl)(phenyl)methanone (72 mg, 0.29
o 1 mmol) in 1 mL of toluene at 145 °C under microwave irradiation for 20
OO min and SiO2-column chromatography (EtOAc : Hexane, 1 : 40) to afford
4.11b°% as white solid (69 mg, 96%). *H NMR (400 MHz, CDClz) § = 7.70 — 7.67 (m, 1H),
7.65 (d, J = 9.0 Hz, 1H), 7.33 — 7.29 (m, 1H), 7.21 — 7.13 (m, 7H), 7.00 (d, J = 8.9 Hz, 1H),
5.38 (s, 1H), 5.02 — 4.99 (m, 1H), 3.29 — 3.22 (m, 1H), 2.87 — 2.81 (m, 1H), 2.03 — 1.89 (m,
4H).

9-phenyl-2,3,3a,9-tetrahydro-1H-benzo[e]pyrrolo[2,1-b][1,3]oxazine (4.11c): According

to GP 6: 2-Hydroxy benzophenone (48 pL, 0.29 mmol), pyrrolidine (20

O NQ pL, 0.24 mmol) in 1 mL of toluene 145 °C under microwave irradiation for

o 20 min and SiO2-column chromatography (EtOAc : Hexane, 1 : 40) to

O afford diastereomeric mixture (3:1) of 4.11c’ as colorless oil (26 mg, 43%).

'H NMR (600 MHz, CDCl3) § = 7.33 — 7.14 (m, 6H), 6.97 — 6.95 (m, 1H),

6.88 — 6.84 (m, 2H), 5.01 — 5.00 (m, 1H), 4.95 (s, 1H), 3.31 — 3.26 (m, 1H), 2.95 — 2.88 (m,
1H), 2.10 — 1.90 (m, 4H).

rac-(7aS,12R)-12-(4-methoxyphenyl)-8,9,10,12-tetrahydro-7aH-naphtho[1,2-
| e]pyrrolo[2,1-b][1,3]oxazine (4.11d): According to GP 6: Pyrrolidine
© O (40 uL, 0.49 mmol), (2-hydroxynaphthalen-1-yl)(4-
NQH methoxyphenyl)methanone (0.16 g, 0.58 mmol) in 1.5 mL of toluene
OO © 4t 145 °C under microwave irradiation for 20 min and SiOz-column
chromatography (EtOAc : Hexane 1 : 40) to afford 4.11d° as whitish
solid (0.12 g, 74%).*H NMR (400 MHz, CDCls) § = 7.75 — 7.73 (m, 1H), 7.70 (d, J = 8.9 Hz,
1H), 7.41 - 7.37 (m, 1H), 7.31 - 7.23 (m, 2H), 7.17 — 7.15 (m, 2H), 7.06 (d, J = 8.9 Hz, 1H),
6.81—6.77 (M, 2H), 5.40 (s, 1H), 5.09 — 5.08 (m, 1H), 3.74 (s, 3H), 3.34 — 3.27 (m, 1H), 2.91

—2.85 (m, 1H), 2.14 — 1.93 (m, 4H).

rac-(7aS,12R)-12-p-tolyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-
b][1,3]oxazine (4.11e): According to GP 6: Pyrrolidine (40 pL, 0.49 mmol), 2-
hydroxynaphthalen-1-yl)(p-tolyl)methanone (0.15 g, 0.58 mmol) in 1.5 mL of toluene at 145

" Deb, M. L.; Dey, S. S.; Bento, I.; Barros, M. T.; Maycock, C. D. Angew. Chem. Int. Ed. 2013, 52,
9791.
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°C under microwave irradiation for 20 min, SiO2-column chromatography (EtOAc : Hexane,
1 : 40) to afford 4.11e%" as white solid (92 mg, 61%). *H NMR (400
O NQ MHz, CDCls) & = 7.62 (d, J = 7.7 Hz, 1H), 7.58 (d, J = 9.0 Hz, 1H),
o 730_727 (m, 1H), 7.17 — 7.11 (m, 2H), 7.04 — 7.02 (m, 2H), 6.98 —
OO 6.94 (m, 3H), 5.30 (s, 1H), 5.00 —4.98 (m, 1H), 3.19 (t, J = 7.6 Hz, 1H),
2.81-2.75 (m, 1H), 2.17 (s, 3H), 2.01 — 1.82 (m, 4H).
rac-4-((7aS,12R)-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-b][1,3]oxazin-
12-yl)phenol (4.11f): According to GP 6: Pyrrolidine (30 pL, 0.36
"o O mmol),  2-hydroxynaphthalen-1-yl)(4-hydroxyphenyl)methanone
N?H (0.12 g, 0.44 mmol) in 1.5 mL of toluene and 1mL xylene at 145 °C
OO under microwave irradiation for 40 min and SiO2-column
chromatography (EtOAc : Hexane, 1 : 10) to afford 4.11f as white
solid (55 mg, 52%). FTIR (KBr): v = 3441, 2917, 2850, 1625, 1568, 1432, 1421, 1229, 991,
899, 816, 668 cm™. *H NMR (400 MHz, CDCl3 with added Methanol-ds) § = 7.64 (d, J = 7.6
Hz, 1H), 7.60 (d, J = 9.1 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.19 — 7.13 (m, 2H), 6.99 — 6.94
(m, 3H), 6.63 — 6.61 (m, 2H), 5.29 (s, 1H), 5.02 — 5.01 (m, 1H), 3.24 — 3.17 (m, 1H), 2.81 —
2.75 (m, 1H), 2.01 — 1.90 (m, 4H). *C NMR (101 MHz, CDCls with added Methanol-ds) § =
155.7, 150.9, 134.0, 132.0, 129.5, 128.7, 128.4, 128.0, 125.9, 122.6, 122.3, 118.1, 114.7,
110.3, 85.5, 55.6, 49.6, 31.4, 20.3. HRMS exact mass calculated for C21H20NO,*([M+H]"):
318.1489; Found: 318.1488.
rac-(7aS,12R)-12-(4-chlorophenyl)-8,9,10,12-tetrahydro-7aH-naphthol[1,2-
cl e]pyrrolo[2,1-b][1,3]Joxazine (4.11g): According to GP 6:
O NQ Pyrrolidine (16 uL, 0.19 mmol), (4-chlorophenyl)(2-
oH hydroxynaphthalen-1-yl)methanone (66 mg, 0.24 mmol) in 1 mL of
OO toluene at 145 °C under microwave irradiation for 40 min and SiO»-
column chromatography (EtOAc : Hexane, 1 : 40) to afford 4.11g%’
as light yellow solid (44 mg, 67%). *H NMR (600 MHz, CDCls) § = 7.77 — 7.73 (m, 1H),
7.71(d, J =8.9 Hz, 1H), 7.32 (d, J = 7.8 Hz, 1H), 7.31 - 7.26 (m, 2H), 7.23 — 7.20 (m, 2H),
7.18 — 7.16 (m, 2H), 7.06 (d, J = 8.9 Hz, 1H), 5.40 (s, 1H), 5.01 — 4.99 (m, 1H), 3.33 — 3.29
(m, 1H), 2.92 — 2.87 (m, 1H), 2.13 - 2.06 (m, 1H), 2.06 — 1.95 (m, 3H).

rac-(7aS,12R)-2-methoxy-12-phenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-
e]pyrrolo[2,1-b][1,3]oxazine (4.11h): According to GP 6: Pyrrolidine (30 pL, 0.36 mmol),
(2-hydroxy-7-methoxynaphthalen-1-yl)(phenyl)methanone (0.12 g, 0.44 mmol) in 1.5 mL of
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toluene at 145 °C under microwave irradiation for 40 min and crystallization and after

O washing (10 X 1 mL of cold EtOAc : Hexane, 1 : 30) to afford
NQ 4.11h" as white solid (94 mg, 78%). *H NMR (400 MHz, CDCls) §
MeO OO 0" 765760 (m, 2H), 7.27 — 7.21 (m, 5H), 6.94 — 6.90 (M, 2H),
6.63 (s, 1H), 5.33 (s, 1H), 5.13 - 5.09 (m, 1H), 3.61 (s, 3H), 3.38 —

3.29 (m, 1H), 2.97 — 2.91 (m, 1H), 2.16 — 1.92 (m, 4H).

rac-(7aS,12R)-3-bromo-12-phenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-
e]pyrrolo[2,1-b][1,3]Joxazine (4.11i): According to GP 6:
O NQ Pyrrolidine (20 pL, 0.24 mmol), (6-bromo-2-hydroxynaphthalen-1-
o ™ yl)(phenyl)methanone (95 mg, 0.29 mmol) in 1 mL of toluene at 145
OO °C under microwave irradiation for 20 min and SiO2-column
o chromatography (EtOAc : Hexane, 1 : 40) to afford 4.11i’ as brown
solid (70 mg, 75%). *H NMR (600 MHz, CDCls) 6 = 7.89 — 7.87 (m, 1H), 7.61 (d, J = 9.0
Hz, 1H), 7.33 (dd, J = 9.0, 2.0 Hz, 1H), 7.28 — 7.20 (m, 6H), 7.08 (d, J = 9.0 Hz, 1H), 5.40
(s, 1H), 5.07 —5.06 (m, 1H), 3.35 - 3.32 (m, 1H), 2.91 — 2.87 (m, 1H), 2.11 — 1.98 (m, 4H).
rac-(7aS,13R)-13-phenyl-7a,8,9,10,11,13-hexahydronaphtho[1,2-e]pyrido[2,1-
b][1,3]Joxazine (4.11j): According to GP 6: Piperidine (30 uL, 0.30
O ,\Q mmol), (2-hydroxynaphthalen-1-yl)(phenyl)methanone (90 mg, 0.36
o H mmol ) in 1 mL of toluene at 145°C under microwave irradiation for 40
OO min and SiOz-column chromatography (EtOAc : Hexane, 1 : 40) to
afford 4.11j%7 as white solid (43 mg, 45%). *H NMR (600 MHz, CDCls)
§=7.77—-7.76 (m, 1H), 7.73 (d, J = 8.8 Hz, 1H), 7.37 — 7.34 (m, 1H), 7.28 — 7.23 (m, 7H),
7.14 —7.12 (m, 1H), 5.17 (s, 1H), 4.90 — 4.88 (m, 1H), 2.87 — 2.83 (m, 2H), 1.98 — 1.95 (m,
1H), 1.81 — 1.72 (m, 3H), 1.60 — 1.97 (m, 2H).

Oxazine (4.11k): According to GP 6: 1,2,3,4-tetrahydroisoquinoline (42 pL, 0.33 mmol),
(2-hydroxynaphthalen-1-yl)(phenyl)methanone (0.10 g, 0.40 mmol)

O ,\(;@ in 1.5 mL of toluene 20 min 145 °C under microwave irradiation and
o H SiO2-column chromatography (EtOAc : Hexane, 1 : 40) to afford

OO 4.11k as white solid (81 mg, 66%). FTIR (KBr): v = 2921, 2855,
1621, 1597, 1463, 1402, 1257, 1235, 1137, 1091, 1067, 985, 878, 857,

748, 725, 698 cm™. *H NMR (400 MHz, CDCl3) 6 = 7.78 (d, J = 6.8 Hz, 1H), 7.73 (d, J = 9.0
Hz, 1H), 7.43 - 7.41 (m, 1H), 7.31 - 7.30 (m, 7H), 7.24 — 7.18 (m, 4H), 7.11 (d, J = 9.0 Hz,
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1H), 5.65 (s, 1H), 5.43 (s, 1H), 3.40 — 3.24 (m, 2H), 3.11 - 3.08 (m, 1H), 2.89 — 2.85 (m, 1H).
13C NMR (101 MHz, CDCls) § = 152.2, 142.6, 135.2, 133.3, 132.6, 129.5, 129.3, 129.1,
129.0, 128.98, 128.96, 128.8, 128.5, 127.6, 126.8, 126.4, 123.3, 122.9, 119.1, 111.1, 82.4,
62.9, 45.6, 29.6. HRMS (ESI) exact mass calculated for C2sH22NO™* ([M+H]"): 364.1696;
Found: 364.1684.

rac-(7aS,13R)-13-Phenyl-7a,8,9,10,11,12-hexahydro-13H-7-oxa-12a-aza-cyclohepta
[b]phenanthrene (4.111): According to GP 6: Hexamethyleneimine (30 pL, 0.26 mmol), (2-
hydroxynaphthalen-1-yl)(phenyl)methanone (79 mg, 0.32 mmol) in 1 mL

O N of toluene 145 °C under microwave irradiation for 40 min and SiO»-
NG column chromatography (EtOAc : Hexane, 1 : 40) to afford 4.1115" as
OO white solid (57 mg, 66%). 'H NMR (600 MHz, CDCls) & = 7.75 — 7.74

(m, 1H), 7.71 (d, J = 8.9 Hz, 1H), 7.34 — 7.33 (m, 1H), 7.28 — 7.24 (m,
6H), 7.22 — 7.19 (m, 1H), 7.10 (dd, J = 8.9, 2.0 Hz, 1H), 5.29 (s, 1H), 4.87 — 4.85 (m, 1H),
3.26 — 3.22 (m, 1H), 2.69 — 2.67 (m, 1H), 2.22 — 2.17 (m, 1H), 1.89 — 1.82 (m, 2H), 1.78 —
1.71 (m, 2H), 1.67 — 1.64 (m, 1H), 1.50 — 1.44 (m, 1H), 1.43 — 1.35 (m, 1H).

Oxazine (4.11m): According to GP 6: Heptamethyleneimine (40 pL, 0.31 mmol), (2-

hydroxynaphthalen-1-yl)(phenyl)methanone (94 mg, 0.37 mmol ) in 1
O mL of toluene first 40 min 100 °C then another 10 min at 145 °C under
N microwave irradiation and SiOz-column chromatography (EtOAc :
OO © Hexane, 1 : 60) to afford 4.11m°® as light yellow solid (41 mg, 38%). *H

NMR (600 MHz, CDCl3) § = 7.76 — 7.75(m, 1H), 7.71 (d, J = 8.9 Hz,
1H), 7.34 — 7.33 (m, 1H), 7.29 — 7.21 (m, 7H), 7.09 (d, J = 8.9 Hz, 1H), 5.28 (s, 1H), 4.70 —
4.67 (m, 1H), 3.28 —3.23 (m, 1H), 2.59 —2.55 (m, 1H), 1.98 — 1.87 (m, 5H), 1.55 - 1.51 (m,
2H), 1.48 — 1.43 (m, 3H).

rac-(7aS,12R)-9-Methyl-12-(3-nitro-phenyl)-8,9,10,11-tetrahydro-7aH,12H-7-oxa-
9,11adiaza-benzo [a]anthracene(4.11n): According to GP 6: N-methyl

7~
O N\g piperazine (30uL, 0.27 mmol), (2-hydroxynaphthalen-1-
o H yl)(phenyl)methanone (0.13 g, 0.54 mmol) in 1.5 mL of toluene at 145
OO °C under microwave irradiation for 40 min and SiOz-column

chromatography (EtOAc : Hexane, 1 : 8) to afford 4.11n® as white solid
(24 mg, 20%). *H NMR (600 MHz, CDCl3) 6 =7.77 — 7.76 (m, 1H), 7.72 (d, J = 9.0 Hz, 1H),
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7.35 —7.33 (m, 1H), 7.28 — 7.25 (m, 3H), 7.24 — 7.21 (m, 5H), 5.23 (s, 1H), 4.83 — 4.81 (m,
1H), 3.21 - 3.17 (m, 1H), 3.11 — 3.09 (m, 1H), 2.89 — 2.88 (M, 2H), 2.45 — 2.39 (m, 1H), 2.34
(s, 3H), 2.21 — 2.17 (m, 1H).

rac-(1R,3S)-2-ethyl-2,3-dihydro-3-methyl-1-phenyl-1H-naphtho[1,2-e][1,3]oxazine
O ( (4.110): According to GP 6: Diethylamine (35 pL, 0.33 mmol), (2-
N\’< hydroxynaphthalen-1-yl)(4-methoxyphenyl)methanone (0.10 g, 0.40
o1 mmol) in 1.5 mL of toluene at 145 °C under microwave irradiation for 40
OO min and SiO2-column chromatography (EtOAc : Hexane 1 : 80) to afford
4.110° as brown solid (22 mg, 21%). *H NMR (400 MHz, CDCl3) § = 7.75 — 7.71 (m, 2H),
7.33 - 7.07 (m, 9H), 5.40 (s, 1H), 4.94 (m, 1H), 3.09 (m, 1H), 2.46 (m, 1H), 1.46 — 1.42 (m,
3H), 1.27 (m, 3H).

2,4-di-tert-butyl-5a,6,7,8,9,11-hexahydrobenzo[e]pyrido[2,1-b][1,3]oxazine (4.11p):

According to GP 6: Piperidine (35uL, 0.36 mmol), 3,5-di-tert-butyl

Q salicylaldehyde (0.10 g, 0.43 mmol) in 1.5 mL of toluene at 145 °C under

o  Microwave irradiation for 30 min and SiO2-column chromatography

(EtOAC : Hexane, 1 : 25) to afford 4.11p as yellow oil (51 mg, 47%). FTIR

(KBr): v = 2949, 2865, 1652, 1641, 1479, 1449, 1360, 1226, 1128, 1103,

1069, 879, 870, 758 cm™. *H NMR (600 MHz, CDCl3) & = 7.15 (s, 1H), 6.81 (s, 1H), 4.85 —

4.83 (m, 1H), 4.30 (d, J = 16.1 Hz, 1H), 3.61 (d, J = 16.1 Hz, 1H), 2.94 — 2.90 (m, 1H), 2.54

—2.51 (m, 1H), 2.01 — 1.98 (m, 1H), 1.87 — 1.83 (m, 1H), 1.78 — 1.70 (m, 3H), 1.61 — 1.57

(m, 1H), 1.40 (s, 9H), 1.29 (s, 9H).3C NMR (101 MHz, CDCls) § = 150.3, 142.0, 136.4,

121.9, 121.7, 118.3, 86.3, 54.7, 48.2, 35.1, 34.4, 31.8, 30.7, 29.9, 25.5, 19.4. HRMS (ESI)
exact mass calculated for C2oH32NO™ ([M+H]"): 302.2478; Found : 302.2478.

10-methyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-b][1,3]oxazine (4.11Q):
According to GP 6: 2-Hydroxy naphthaldehyde (86 mg, 0.50 mmol), 1-

N methyl pyrrolidine (20 pL, 0.19 mmol) in 1 mL of toluene at 130 °C under

5 microwave irradiation for 20 min and SiO.-column chromatography

OO (EtOAC : Hexane, 1 : 20) to afford inseparable regio-isomeric mixture
(~5:1) of 4.11q as brown solid (22 mg, 46%). FTIR (KBr): v = 2960,

2920, 2853, 1635, 1516, 1467, 1434, 1396, 1261, 1228, 1095, 1074, 1016, 860, 811, 746 cm’

1, 1H NMR (400 MHz, CDCl3) 8 = 7.76 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.6 Hz, 1H), 7.63 (d,
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J = 8.8 Hz, 1H), 7.50 — 7.47 (m, 1H), 7.36 — 7.32 (m, 1H), 6.99 (d, J = 8.9 Hz, 1H), 5.26 —
5.25 (m, 1H), 4.58 (d, J = 17.4 Hz, 1H), 4.27 (d, J = 17.5 Hz, 1H), 3.15 — 3.10 (m, 1H), 2.29
—2.03 (m, 4H), 1.23 (d, J = 6.0 Hz, 3H). HRMS (ESI) exact mass calculated for C16H1sNO™
(IM+H]*): 240.1383; Found: 240.1381.

7a-methyl-12-phenyl-8,9,10,12-tetrahydro-7aH-naphtho[1,2-e]pyrrolo[2,1-
b][1,3]oxazine(4.11r): According to GP 6: 2-Methyl pyrrolidine (34 uL,
O N 0.33 mmol), (2-hydroxynaphthalen-1-yI)(phenyl)methanone (0.10 g, 0.40
O mmol) in 1.5 mL of toluene at 145 °C for 20 min under microwave
OO irradiation and SiO2-column chromatography (EtOAc : Hexane, 1 : 30) to
afford inseparable regio-isomeric mixture (~4:1) of 4.11r as yellowish oil (85 mg, 82%).
FTIR (KBr): v = 2935, 2850, 1623, 1599, 1514, 1462, 1380, 1241, 1109, 1065, 972, 811, 746,
702, 623 cm™. 'H NMR (400 MHz, CDCl3) § = 7.80 — 7.78 (m, 1H), 7.75 (d, J = 8.9 Hz, 1H),
7.31-7.19 (m, 8H), 7.09 (d, J = 8.9 Hz, 1H), 5.50 (s, 1H), 3.52 — 3.47 (m, 1H), 3.02 — 2.96
(m, 1H), 2.28 — 2.22 (m, 1H), 2.10 — 2.07 (m, 1H), 1.96 — 1.87 (m, 2H), 1.04 (s, 3H). HRMS
(ESI) exact mass calculated for C22H22NO™ ([M+H]"): 316.1696; Found: 316.1685.
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7.5 Syntheses of Conjugated Aldehydes, Chromenes, Chromene 2-ol Through Direct f-
C(sp®)-H Functionalization of Aliphatic Amines

General Procedure (GP 7):

Aldehyde (0.71 mmol) and secondary amine (1.77 mmol) was dissolved in xylene (2 mL).
After stirring for 5 minutes, 3,5-dinitrobenzoic acid (0.43 mmol) was added to the mixture
and the reaction mixture was allowed to reflux for 26 h. Then the mixture was cooled to room
temperature and concentrated under vacuum. Then the crude mixture was subjected to neutral

alumina column chromatography to get the analytically pure 2-alkyl Cinnamaldehyde.

(E)-2-(4-chlorobenzylidene)butanal (5.21a): According to GP 7: 4-Chlorobenzaldehyde
(0.10 g, 0.712 mmol), dibutylamine (0.30 mL, 1.78 mmol) and 3,5-
WO dinitrobenzoic acid (98 mg, 0.46 mmol) were mixed and refluxed for
. e 26 h in 2 mL m-xylene. The crude mixture was subjected to neutral
alumina column chromatography (EtOAc : Hexane, 1 : 100) to afford

5.21a'? as yellow oil (69 mg, 50%). FTIR (KBr): v = 2970, 2934, 1682, 1621, 1488, 1396,
1277, 1179, 1091, 1057, 1013, 894, 805, 783, 569, 505 cm™. *H NMR (400 MHz, CDCls): §
=9.54 (s, 1H), 7.43 (br. s, 4H), 7.16 (s, 1H), 2.54 (g, J = 7.4 Hz, 2H), 1.13 (t, J = 7.5 Hz, 3H).
13C NMR (101 MHz, CDClg): 6 = 195.4, 148.0, 144.9, 135.7, 133.5, 131.0, 129.3, 18.2, 12.9.
LRMS (ESI): Exact mass calculated for C1:H12CIO* ([M+H]"): 195.0571; Found: 195.0504.

N-butyl-N-(4-chlorobenzyl)butan-1-amine (5.21aa): The product 5.21aa (14 mg, 8%) was

NI N isolated from the same reaction for the preparation of 5.21a. *H

CI/©/\ i NMR (400 MHz, CDClz): 8 = 7.25 (br. s 4H), 3.49 (s, 2H), 2.37

(t,J = 7.2 Hz, 4H), 1.44 — 1.40 (m, 4H), 1.31 — 1.26 (m, 4H) 0.87

(t, J =7.2 Hz, 6H). *C NMR (151 MHz, CDCl3): § = 139.2, 132.3, 130.2, 128.4, 58.2, 53.8,

29.5, 20.8, 14.3. HRMS (ESI): Exact mass calculated for C1sH25CIN* ([M+H]"): 254.1670.
Found: 254.1677.

(E)-2-(4-bromobenzylidene)butanal (5.21b): According to GP 7: 4-Bromobenzaldehyde
H (85 mg, 0.46 mmol), dibutylamine (0.31 mL, 1.83 mmol) and 3,5-
XX dinitrobenzoic acid (63 mg, 0.30 mmol) were mixed and refluxed for

Br Me 26 h in 2 mL m-xylene. The crude mixture was subjected to neutral

! Eljabour, S.; Unterhalt, B. Arch. Pharm. 1986, 319, 666.
2Ram, R. N.; Charles, 1. J. Chem. Res. (S) 2000, 540.
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alumina column chromatography (EtOAc : Hexane, 1 : 200) to afford 5.21b as yellow oil (49
mg, 43 %). FTIR (KBr): v = 2967, 2931, 2714, 1683, 1627, 1584, 1486, 1391, 1280, 1180,
1074, 1056, 1008, 821, 803, 782 cm™. 'H NMR (400 MHz, CDCls): § = 9.54 (s, 1H), 7.58 (d,
J=8.1Hz, 2H), 7.37 (d, J = 8.2 Hz, 2H), 7.14 (s, 1H), 2.53 (q, J = 7.5 Hz, 2H), 1.13 (t, J =
7.5 Hz, 3H). 3C NMR (101 MHz, CDCls): & = 195.4, 148.1, 145.1, 133.9, 132.2, 131.2,
124.1, 18.2, 12.9. HRMS (APCI): Exact mass calculated for C11H12BrO™ ([M+H]"):
239.0066; Found: 239.0056.

(E)-2-(4-methylbenzylidene)butanal (5.21c): According to GP 7: 4-Methyl benzaldehyde
(0.10 mL, 0.84 mmol), dibutylamine (0.35 mL, 2.11 mmol) and 3,5-
WO dinitrobenzoic acid (0.12 g, 0.55 mmol) were mixed and refluxed for
Ve Ve 26 h in 2 mL m-xylene. The crude mixture was subjected to neutral

alumina column chromatography (EtOAc : Hexane, 1 : 75) to afford
5.21c? as brown gum (73 mg, 49%). FTIR (KBr): v = 2967, 2933, 2870, 2703, 1683, 1628,
1609, 1465, 1182, 1057, 803, 583 cm™. *H NMR (400 MHz, CDCls): § = 9.42 (s, 1H), 7.33
(d, J = 8.0 Hz, 2H), 7.16 (d, J = 7.9 Hz, 2H), 7.07 (s, 1H), 2.48 (q, J = 7.5 Hz, 2H), 2.31 (s,
3H), 1.05 (t, J = 7.5 Hz, 3H). *C NMR (101 MHz, CDCls3) § = 195.8, 150.0, 143.6, 140.2,
132.2, 129.9, 129.7, 21.6, 18.1, 12.9. HRMS (APCI): Exact mass calculated for C12H150*
([M+H]*): 175.1117; Found: 175.1111.

(E)-2-(4-nitrobenzylidene)butanal (5.21d): According to GP 7: 4-Nitrobenzaldehyde (0.10
H g, 0.66 mmol), dibutylamine (0.28 mL, 1.65 mmol) and 3,5-
WO dinitrobenzoic acid (91 mg, 0.43 mmol) were mixed and refluxed for
ON Me 26 h in 2 mL m-xylene. The crude mixture was subjected to neutral
alumina column chromatography (EtOAc : Hexane, 1 : 20) to afford
5.21d? as deep brown oil (47 mg, 35 %). FTIR (KBr): v = 2973, 2720, 2356, 1683, 1626,
1593, 1512, 1345, 1298, 1181, 1106, 1054, 911, 866, 852, 836, 782, 751, 700 cm™. *H NMR
(400 MHz, CDCl3): 6 =9.62 (s, 1H), 8.31 (d, J = 7.1 Hz, 2H), 7.65 (d, J = 7.0 Hz, 2H), 7.29
(s, 1H), 2.58-2.51 (m, 2H), 1.16 (t, J = 6.2 Hz, 3H). 3C NMR (101 MHz, CDCls): § = 194.9,
147.9, 147.4, 146.0, 141.3, 130.2, 124.1, 18.4, 13.1. HRMS (APCI): Exact mass calculated
for C11H12NO3* ([M+H]"): 206.0812; Found: 206.0816.
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(E)-2-(3-nitrobenzylidene)butanal (5.21e): According to GP 7: 3-Nitro benzaldehyde (0.10
g, 0.66 mmol), dibutylamine (0.28 mL, 1.65 mmol) and 3,5-
OZNWO dinitrobenzoic acid (91 mg, 0.43 mmol) were mixed and refluxed for
Ve 26 h in 2 mL m-xylene. The crude mixture was subjected to neutral
alumina column chromatography (EtOAc : Hexane, 1 : 30) to afford
5.21e as deep brown oil (69 mg, 50 %). FTIR (KBr): v = 2967, 2939, 1685, 1631, 1530,
1352, 1183, 1056, 826, 806, 735, 707, 679 cm™. *H NMR (400 MHz, CDCls): § = 9.53 (s,
1H), 8.27 (s, 1H), 8.18 (d, J = 8.1 Hz, 1H), 7.74 (d, J = 7.5 Hz, 1H), 7.59 (t, J = 8.0 Hz, 1H),
7.20 (s, 1H), 2.47 (g, = 7.5 Hz, 2H), 1.09 (t, J = 7.5 Hz, 3H). 3C NMR (101 MHz, CDCly):
0=194.9, 148.6, 146.7, 146.0, 136.6, 135.1, 130.0, 124.1, 124.0, 18.3, 13.0. HRMS (APCI):
Exact mass calculated for C11H12NOs™ ([M+H]"): 206.0812; Found: 206.0815.

(E)-2-(4-(dimethylamino)benzylidene)butanal (5.21f): According to GP 7: 4-N,N-
H Dimethyl benzaldehyde (0.15 g, 1.00 mmol), dibutylamine (0.42
WO mL, 2.50 mmol) and 3,5-dinitrobenzoic acid (0.14 g, 0.65 mmol)
were mixed and refluxed for 26 h in 2 mL m-xylene. The crude

ezt N mixture was subjected to neutral alumina column chromatography
(EtOAC : Hexane, 1 : 6) to afford 5.21f as brown gum (60 mg, 29%). FTIR (KBr): v = 2970,
2931, 2817, 1676, 1600, 1524, 1444, 1361, 1196, 1183, 1058, 816, 803, 786 cm™. *H NMR
(400 MHz, CDCl3): 8 = 9.43 (s, 1H), 7.48 (d, J = 8.7 Hz, 2H), 7.04 (s, 1H), 6.72 (d, J = 8.7
Hz, 2H), 3.04 (s, 6H), 2.60 (q, J = 7.5 Hz, 2H), 1.13 (t, J = 7.5 Hz, 3H). 3C NMR (101 MHz,

CDCI3): 6 = 195.6, 151.4, 151.0, 139.9, 132.3, 122.8, 111.9, 40.2 (2C), 18.1, 12.7. HRMS
(APCI): Exact mass calculated for C13H1sNO™ ([M+H]*): 204.1383; Found: 204.1386.

(E)-2-(pyren-1-ylmethylene)butanal (5.21g): According to GP 7: Pyrene 1-carboxaldehyde
(0.10 g, 0.43 mmol), dibutylamine (0.18 mL, 1.08 mmol) and 3,5-
dinitrobenzoic acid (60 mg, 0.28 mmol) were mixed and refluxed

for 48 h in 2 mL m-xylene. The crude mixture was subjected to

neutral alumina column chromatography (EtOAc : Hexane, 1 : 50)
to afford 5.21g with as yellow solid (42 mg, 34%). The product was isolated as mixture of
E/Z isomers with 6 : 1 ratio. FTIR (KBr): v = 2965, 2927, 2850, 1679, 1620, 1462, 1254,
1235, 1184, 1074, 1049, 846, 714 cm™. *H NMR (400 MHz, CDCl3) § =9.85 (s, 1H), 8.26 —
8.22 (m, 4H), 8.21 — 8.14 (m, 6H), 2.55 — 2.50 (m, 2H), 1.12 (t, J = 7.5 Hz, 3H). 1°C NMR
(151 MHz, CDCl3) 6 = 195.6, 148.3, 146.9, 132.1, 131.5, 131.0, 129.4, 129.2, 128.6, 128.5,
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127.5,126.5, 126.3,126.1, 126.1, 125.0, 124.8, 124.8, 123.6, 18.9, 13.5. HRMS (ESI): Exact
mass calculated for C21H170" ([M+H]"): 285.1274; Found: 285.1277.

(E)-3-(4-(dimethylamino)phenyl)-2-methylacrylaldehyde (5.21h): According to GP 7: 2-
N Yo Bromo benzaldehyde (0.120 g, 0.648 mmol), dipropylamine (0.22

N mL, 1.62 mmol) and 3,5-dinitrobenzoic acid (89 mg, 0.424 mmol)
| were mixed and refluxed for 26 h in 2 mL benzene. The crude
mixture was subjected to neutral alumina column chromatography (EtOAc : Hexane, 1 : 100)

to afford 5.21h® as brownish oil (40 mg, 27%). 1H NMR (600 MHz, CDCls3) § = 9.48 (s, 1H),
7.52 -7.50 (m, 2H), 7.13 (s, 1H), 6.74 — 6.72 (m, 2H), 3.05 (s, 6H), 2.10 (s, 3H).

(E)-2-(4-chlorobenzylidene)hexanal (5.21i): According to GP 7: 4-Chlorobenzaldehyde
y (0.10 g, 0.712 mmol) dihexylamine (0.41 mL, 1.78 mmol) and 3,5-
on dinitrobenzoic acid (99 mg, 0.47 mmol) were mixed and refluxed for
N Ve )3 60 h in 2 mL m-xylene. The crude mixture was subjected to neutral
alumina column chromatography (EtOAc : Hexane, 1 : 100) to afford
5.21i light yellow oil (65 mg, 47%). FTIR (KBr): v = 2957, 2928, 2862, 1685, 1625, 1591,
1490, 1462, 1177, 1092, 1012, 818, 569, 508, 470 cm™. *H NMR (400 MHz, CDCls): § =
9.53 (s, 1H), 7.42 (br. s, 4H), 7.15 (s, 1H), 2.53 — 2.47 (m, 2H), 1.50 — 1.42 (m, 2H), 1.39 (dd,
J=15.0,7.5Hz, 2H), 0.92 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz, CDCl3): § =195.6, 148.3,
143.9, 135.7, 133.6, 131.0, 129.3, 30.5, 24.7, 23.2, 14.0. HRMS (APCI): Exact mass
calculated for C13H16CIO* ([M+H]"): 223.0884; Found: 223.0889.

(E)-2-(4-methylbenzylidene)hexanal (5.21j): According to GP 7: 4-Methyl benzaldehyde
(0.12 mL, 0.99 mmol), dihexylamine (0.58 mL, 2.49 mmol) and 3,5-

H

N N0 dinitrobenzoic acid (0.14 g, 0.65 mmol) were mixed and refluxed for

" " )3 60 h in 2 mL m-xylene. The crude mixture was subjected to neutral
e e

alumina column chromatography (EtOAc : Hexane, 1 : 100) to afford
5.21j light yellow oil (0.10 g, 50%). FTIR (KBr): v = 2957, 2927, 2863, 2705, 1682, 1624,
1607, 1456, 1376, 1207, 1177, 1082, 1019, 810, 565, 508 cm™. *H NMR (400 MHz, CDCls):
8=9.52 (s, 1H), 7.42 (d, J = 8.1 Hz, 2H), 7.25 (d, J = 7.9 Hz, 2H), 7.17 (s, 1H), 2.57 — 2.50
(m, 2H), 2.40 (s, 3H), 1.49 — 1.38 (m, 4H), 0.94 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz,

3 Smith, M. R.; Jang, Y. J.; Kim, J. Y.; Ciufolini, M. A. Tetrahedron 2013, 69, 10139.
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CDCl3): 6 = 196.0, 150.2, 142.7, 140.2, 132.4, 130.0, 129.8, 30.5, 24.7, 23.3, 21.7, 14.1.
HRMS (APCI): Exact mass calculated for C14H190" ([M+H]"): 203.1430; Found: 203.1430.

(E)-2-(4-bromobenzylidene)hexanal (5.21Kk): According to GP 7: 4-Bromo benzaldehyde
(0.10 g, 0.54 mmol), dihexylamine (0.31 mL, 1.35 mmol) and 3,5-

H
N dinitrobenzoic acid (74 mg, 0.35 mmol) were mixed and refluxed for
@)
) 48 h in 2 mL m-xylene. The crude mixture was subjected to neutral
Br Me 3

alumina column chromatography (EtOAc : Hexane, 1 : 200) to afford
5.21k as yellow oil (77 mg, 44%). FTIR (KBr): v = 2960, 2931, 2867, 1684, 1587, 1487,
1427, 1399, 1261, 1069, 1012, 851, 803, 757 cm™. *H NMR (600 MHz, CDCls): § = 9.54 (s,
1H), 7.58 (d, J = 8.5 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.13 (s, 1H), 2.52 — 2.47 (m, 2H), 1.48
—1.42 (m, 2H), 1.38 (dt, J = 14.9, 7.1 Hz, 2H), 0.92 (t, J = 7.2 Hz, 3H). **C NMR (151 MHz,
CDCls): 6 =195.6, 148.3, 144.1, 134.1, 132.3, 131.2, 124.1, 30.5, 24.7, 23.2, 14.1. HRMS
(APCI): Exact mass calculated for C13H16BrO* ([M+H]"): 267.0379; Found: 267.0378.

(E)-2-(4-(dimethylamino)benzylidene)hexanal (5.211): According to GP 7: 4-N,N-
dimethylbenzaldehyde (0.10 g, 0.67 mmol), dihexylamine (0.39

H
N X0 mL, 1.67 mmol) and 3,5-dinitrobenzoic acid (92 mg, 0.44 mmol)
Me,N Me )3 were mixed and refluxed for 86 h in 2 mL m-xylene. The crude

mixture was subjected to neutral alumina column chromatography
(EtOAC : Hexane, 1 : 20) to afford 5.211 brown oil (59 mg, 38%). FTIR (KBr): v = 2955,
2927, 1670, 1595, 1524, 1365, 1192, 1170, 1082, 813 cm™. *H NMR (400 MHz, CDCls): §
=9.43 (s, 1H), 7.47 (d, J = 8.9 Hz, 2H), 7.04 (s, 1H), 6.72 (d, J = 9.0 Hz, 2H), 3.05 (s, 6H),
2.61—2.54 (m, 2H), 1.47 (ddd, J = 17.9, 8.0, 4.6 Hz, 4H), 0.95 (t, J = 7.1 Hz, 3H). 13C NMR
(101 MHz, CDCl3): 6=195.9, 151.4, 151.3, 138.9, 132.3, 122.9, 111.9, 40.3 (2C), 30.3, 24.7,
23.3,14.2. HRMS (ESI): Exact mass calculated for C1sH22NO™ ([M+H]"): 232.1696; Found:
232.1688.

(E)-2-benzylideneoctanal (5.21m): According to GP 7: Benzaldehyde (0.10 mL, 0.98
mmol), dioctaylamine (0.38 mL, 1.25 mmol) and 3,5-dinitrobenzoic acid

H

NN (0.14 g, 0.64 mmol) were mixed and refluxed for 26 h in 2 mL m-xylene.
" )5 The crude mixture was subjected to neutral alumina column

e

chromatography (EtOAc : Hexane, 1 : 100) to afford 5.21m* as yellow oil

4 Limnios, D.; Kokotos, C. G. RSC Adv. 2013, 3, 4496.
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(80 mg, 43%). FTIR (KBr): v =2956, 2927, 2856, 1683, 1624, 1458, 1200, 1091, 1018, 801,
755, 697 cm™. 'H NMR (600 MHz, CDCls): & = 9.55 (s, 1H), 7.51 — 7.48 (m, 2H), 7.45 (t, J
= 7.4 Hz, 2H), 7.42 — 7.38 (m, 1H), 7.20 (s, 1H), 2.55 — 2.51 (m, 2H), 1.52 — 1.46 (m, 2H),
1.38 (p, J = 7.3 Hz, 2H), 1.29 (td, J = 7.1, 6.0, 3.7 Hz, 4H), 0.88 (t, J = 6.9 Hz, 3H). 3C NMR
(151 MHz, CDCl3): 6=195.9, 149.9, 143.6, 135.2, 129.8, 129.7, 128.9, 31.7,29.7, 28.4, 25.0,
22.8. 14.2. HRMS (APCI): Exact mass calculated for C1sH2:0O" ([M+H]*"): 217.1587; Found:
217.1589.

(E)-2-(4-chlorobenzylidene)octanal (5.21n): According to GP 7: 4-Chloro benzaldehyde
(0.10 g, 0.71 mmol), dioctaylamine (0.27 mL, 0.91 mmol) and 3,5-
dinitrobenzoic acid (99 mg, 0.47 mmol) were mixed and refluxed for

H
7o . : :
) 26 h in 2 mL m-xylene. The crude mixture was subjected to neutral
Cl Me™ ' 5 .

alumina column chromatography (EtOAc : Hexane, 1 : 100) to afford
5.21n as yellow oil (90 mg, 50 %). FTIR (KBr): v = 2956, 2927, 2855, 1739, 1865, 1623,
1592, 1491, 1466, 1093, 1013, 817 cm™. *H NMR (600 MHz, CDCls): § = 9.53 (s, 1H), 7.42
(br.s, 4H), 7.14 (s, 1H), 2.51 — 2.47 (m, 2H), 1.49 — 1.43 (m, 2H), 1.36 (dt, J = 14.4, 7.1 Hz,
2H), 1.28 (dt, J = 7.5, 3.6 Hz, 4H), 0.89 — 0.85 (m, 3H). 13*C NMR (151 MHz, CDCls): 5 =
195.5, 148.3, 144.0, 135.7, 133.6, 131.0, 129.3, 31.7, 29.7, 28.4, 24.9, 22.8, 14.2. HRMS

(APCI): Exact mass calculated for C1sH20CIO* ([M+H]"): 251.1196; Found: 251.1197.

(E)-2-(4-bromobenzylidene)octanal (5.210): According to GP 7: 4-Bromo benzaldehyde
(40 mg, 0.21 mmol), dioctaylamine (0.19 mL, 0.64 mmol) and 3,5-

H
N dinitrobenzoic acid (29 mg, 0.14 mmol) were mixed and refluxed for
¢}
) 86 h in 2 mL m-xylene. The crude mixture was subjected to neutral
Br Me 5

alumina column chromatography (EtOAc : Hexane, 1 : 200) to afford
5.210 as yellow oil (26 mg, 41%). FTIR (KBr): v = 2955, 2927, 2856, 1684, 1625, 1585,
1487, 1465, 1391, 1163, 1088, 1009, 892, 814, 506 cm™. *H NMR (600 MHz, CDCl3) § =
9.53 (s, 1H), 7.57 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.13 (s, 1H), 2.51 — 2.45 (m,
2H), 1.46 (p, J = 8.0, 7.5 Hz, 2H), 1.36 (p, J = 7.1 Hz, 2H), 1.31 — 1.25 (m, 4H), 0.88 (t, J =
6.8 Hz, 3H). 3C NMR (151 MHz, CDCl3) § = 195.5, 148.3, 144.1, 134.0, 132.2, 131.2, 124.0,
31.7, 29.7, 28.4, 25.0, 22.8, 14.3. HRMS (APCI): Exact mass calculated for CisH20BrO*
([M+H]"): 295.0692; Found: 295.0692.
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(E)-2-benzylidenedecanal (5.21p): According to GP 7: Benzaldehyde (0.15 mL, 1.47

’ mmol), didecylamine (0.52 g, 1.76 mmol) and 3,5-dinitrobenzoic acid

mAO (0.20 g, 0.96 mmol) were mixed and refluxed for 26 h in 2 mL m-xylene.
Ve )7 The crude mixture was subjected to neutral alumina column

chromatography (EtOAc : Hexane, 1 : 80) to afford 5.21p as reddish oil
(56 mg, 43%). FTIR (KBr): v = 2955, 2925, 2854, 1684, 1625, 1466, 1376, 1190, 1094,
1028, 858, 858, 754, 697 cm™. 'H NMR (400 MHz, CDCl3) § =9.55 (s, 1H), 7.52 — 7.48 (m,
2H), 7.47 — 7.42 (m, 2H), 7.42 — 7.37 (m, 1H), 7.21 (s, 1H), 2.55 — 2.50 (m, 2H), 1.53 — 1.44
(m, 2H), 1.37 (dt, J = 14.4, 7.2 Hz, 2H), 1.34 — 1.26 (m, 8H), 0.88 (t, J = 6.8 Hz, 3H). *C
NMR (101 MHz, CDClI3) 6 =195.9, 149.9, 143.6, 135.2, 129.8, 129.7, 128.9, 32.0, 30.1, 29.5,

29.4, 28.5, 24.9, 22.8, 14.3. HRMS (APCI): Exact mass calculated for C17H250* ([M+H]")
245.1900; Found: 245.1907.

(E)-2-ethyl-5,5-diphenylpenta-2,4-dienal (5.21qg): According to GP 7: f-Phenyl
cinnamaldehyde (50 mg, 0.24 mmol), dibutylamine (0.10 mL, 1.21

NOE
Ph H=>H " mmol) and 3,5-dinitrobenzoic acid (34 mg, 0.32 mmol) were mixed
P

O and refluxed for 80 h in 2 mL m-xylene and preparative TLC

Me separation (EtOAc : Hexane, 1 : 65) to afford 5.21q as brown oil (29

mg, 46%). The product was isolated as mixture of E/Z isomer with 6 : 1 ratio. FTIR (KBr):

v = 2967, 2930, 2848, 1674, 1610, 1446, 1276, 1201, 1055, 767, 701 cm™. *H NMR (600

MHz, CDCl3): & =9.29 (s, 1H), 7.46 — 7.42 (m, 3H), 7.37 — 7.33 (m, 5H), 7.25 (d, J = 8.8 Hz,

2H), 7.13 (d, J = 11.7 Hz, 1H), 6.89 (d, J = 11.7 Hz, 1H), 2.50 (q, J = 7.6 Hz, 2H), 1.09 (t, J

= 7.6 Hz, 3H). °C NMR (151 MHz, CDCls): § = 194.9, 151.9, 146.0, 144.8, 141.7, 138.8,

130.7, 129.2, 128.8, 128.7, 128.6, 128.5, 122.3, 17.9, 14.1. HRMS (APCI): Exact mass
calculated for C1gH190" ([M+H]"): 263.1430; Found: 263. 1418.

(E)-2-(3,3-diphenylallylidene)hexanal (5.21r): According to GP 7: p-Phenyl
cinnamaldehyde (80 mg, 0.39 mmol), dihexylamine (0.22 mL, 0.97

Ph H
. mmol) and 3,5-dinitrobenzoic acid (53 mg, 0.25 mmol) were mixed
\ X
) © and refluxed for 80 h in 2 mL m-xylene. The crude mixture was
Me

subjected to neutral alumina column chromatography (EtOAc :
Hexane, 1 : 120) to afford 5.21r brown oil (44 mg, 39%). The product was isolated as
mixture of E/Z isomer with 4 : 1 ratio. FTIR (KBr): v = 3050, 2953, 2927, 2858, 1673, 1608,
1446, 1277, 1195, 1075, 767, 701 cm™. *H NMR (400 MHz, CDCls): = 9.29 (s, 1H), 7.81
(dd, J=8.3,1.3Hz, 2H), 7.49 (t, J = 7.7 Hz, 2H), 7.45 (dd, J = 5.1, 1.8 Hz, 2H), 7.36 - 7.35
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(m, 4H), 7.13 (d, J = 11.7 Hz, 1H), 6.93 (d, J = 11.7 Hz, 1H), 2.48 (t, J = 7.4 Hz, 2H), 1.46 —
1.34 (m, 4H), 0.95 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz, CDCl3): § =195.1, 151.8, 146.5,
143.4, 138.7, 132.6, 130.7, 130.2, 128.7, 128.6, 128.5, 128.4, 122.5, 31.7, 24.3, 23.0, 14.2.
HRMS (APCI): Exact mass calculated for C21H230" ([M+H]"): 291.1744. Found: 291.1734.

3-ethyl-8-methoxy-2H-chromen-2-ol (5.33a) and 3-ethyl-8-methoxy-2H-chromen-2-one
N (5.34a): According to GP 7: o-Vanillin (0.10 g, 0.66 mmol),
@onfo: dibutylamine (0.27 mL, 1.64 mmol) and 3,5-dinitrobenzoic acid (91 mg,
OMe 0.43 mmol) were mixed and refluxed for 12 h. The crude mixture was
subjected to neutral alumina column chromatography (EtOAc : Hexane, 1 : 10) to afford
5.33aas colorless solid (64 mg, 47%) and 5.34a as colourless solid (11 mg, 8%). 5.33a: FTIR
(KBr): v = 3465, 2966, 2839, 1610, 1583, 1484, 1460, 1435, 1273, 1208, 1170, 1098, 1046,
994, 947, 908, 768, 736, 722, 669, 503 cm™. *H NMR (600 MHz, CDCls): 6 =6.90 (t,J=7.8
Hz, 1H), 6.18 (dd, J = 7.2 Hz, 1.2 Hz, 1H), 6.75 (dd, J = 6.6, 1.2 Hz, 1H), 6.40 (s, 1H), 5.92
(s, 1H), 3.86 (s, 3H), 2.42 — 2.36 (m, 1H), 2.33 — 2.27 (m, 1H), 1.2 (t, J = 7.2 Hz, 3H). *C
NMR (151 MHz, CDCl3): 6 = 148.4, 138.8, 136.6, 121.83, 121.55,119.3, 118.9, 111.3,92.8,

56.2, 25.8, 12.0. HRMS (APCI): Exact mass calculated for C12H1503" ([M+H]") 207.1016;
Found: 207.1008.

5.34a: FTIR (KBr): v =2961, 2934, 2873, 1718, 1670, 1611, 1580, 1481, 1461, 1440, 1276,

N 1182, 1109, 1039, 945, 734 cm™. *H NMR (600 MHz, CDCls): & = 7.46
0N (5 1H), 7.18 (t, J = 8.0 Hz, 1H), 7.02 (d, J = 8.0 Hz, 2H), 3.96 (s, 3H),
0 2.61 (q, J = 7.5 Hz, 2H), 1.25 (t, J = 7.4 Hz, 3H). *C NMR (151 MHz,

CDClz): 6 =161.4,147.3,142.9, 137.8, 131.8, 124.3, 120.5, 118.9, 112.7, 56.4, 24.1, 12.5.
HRMS (APCI): Exact mass calculated for C1oH1303" ([M+H]*): 205.0859; Found: 205. 0858.

3-ethyl-2H-chromen-2-one (5.34b): According to GP 7: Salicylaldehyde (0.10 mL, 0.95
mmol), dibutylamine (0.40 mL, 2.37 mmol) and 3,5-dinitrobenzoic acid

(0.13 g, 0.62 mmol) were mixed and refluxed for 26 h. The crude mixture

° was subjected to neutral alumina column chromatography (EtOAc :
Hexane, 1 : 75) to afford 5.34b° as light yellow solid (75 mg, 45%). *H NMR (400 MHz,

CDCls): & = 7.50 (s, 1H), 7.45 (d, J = 7.9 Hz, 2H), 7.32 (d, J = 8.2 Hz, 1H), 7.29 — 7.24 (m,

5 Shi, M.; Gross, U.; Gross, P. J.; Brase, S. Synlett 2011, 635.
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1H), 2.61 (q, J = 7.4 Hz, 2H), 1.27 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, CDCls): & =
162.0, 153.2, 137.7, 131.5, 130.6, 127.3, 124.4, 119.8, 116.6, 24.1, 12.5.

3-methyl-2H-chromen-2-one (5.34c): According to GP 7: Salicylaldehyde (0.10 mL, 0.950

mmol), dipropylamine (0.32 mL, 2.37 mmol) and 3,5-dinitrobenzoic acid

(0.13 g, 0.62 mmol) were mixed and refluxed for 26 h in 2 mL benzene. The

crude mixture was subjected to neutral alumina column chromatography
(EtOAC : Hexane, 1 : 100) to afford 5.34c® as colorless solid (59 mg, 38%). FTIR (KBr):
v = 2951, 2923, 2854, 1706, 1635, 1610, 1463, 1450, 1371, 1257, 1194, 1076, 1004, 918,
754 cm™*. *H NMR (600 MHz, CDCls): & = 7.53 (s, 1H), 7.46 (t, J = 7.8 Hz, 1H), 7.42 (d, J =
7.0 Hz, 1H), 7.32 (d, J = 8.3 Hz, 1H), 7.25 (d, J = 7.6 Hz, 1H), 2.22 (s, 3H). 1*C NMR (151
MHz, CDCl3): 6 = 162.4, 153.4, 139.4, 130.7, 127.1, 126.0, 124.5 (CH, aromatic), 119.8,
116.7, 17.4. HRMS (APCI): Exact mass calculated for C10HsO," ([M+H]*) 161.0597; Found:
161.0590.

3-butyl-2H-chromen-2-one (5.34d): According to GP 7: Salicylaldehyde (74 uL, 0.70
mmol), dihexylamine (0.41 mL, 1.76 mmol) and 3,5-dinitrobenzoic acid
@(IH; (97 mg, 0.46 mmol) were mixed and refluxed for 20 h. The crude mixture
0 "0 was subjected to neutral alumina column chromatography (EtOAc :
Hexane, 1 : 100) to afford 5.34d as light yellow solid (50 mg, 46%). FTIR (KBr): v = 2952,
2929, 2868, 1724, 1612, 1576, 1457, 1255, 1171, 1070, 1044, 997, 867, 759, 711 cm™. H
NMR (400 MHz, CDCls): & = 7.49 (s, 1H), 7.47 — 7.42 (m, 2H), 7.32 (d, J = 8.3 Hz, 1H),
7.28 —7.23 (m, 1H), 2.60 — 2.54 (m, 2H), 1.66 — 1.58 (m, 2H), 1.42 (h, J = 7.3 Hz, 2H), 0.96
(t, J=7.3 Hz, 3H). BC NMR (101 MHz, CDCls): = 153.3, 138.5, 130.6, 130.3, 127.3, 126.2,
124.4, 119.8, 116.6, 30.8, 30.3, 22.6, 14.1. HRMS (APCI): Exact mass calculated for
C13H1502"([M+H]"): 203.1067; Found: 203.1067.

¢ Olomola, T. O.; Klein, R.; Kaye, P. T. Synth. Commun. 2012, 42, 251.
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7.6 Synthesis, Insilico Studies and In vitro Evaluation for Antioxidant and Antibacterial
Properties of Diarylmethylamines

General procedure (GP 8):

2-Naphthol or sesamol was added to a solution of secondary amine and aldehyde in
benzene or ethanol and the mixture was refluxed for 16 h. After the disappearance of the
starting material indicated by TLC, the solvents were allowed to evaporate under ambient
condition to obtain the solid residue. The solid was washed with hexane and binary solvent
mixture (EtOAc and hexane) to afford analytically pure diarylmethylamine derivatives.
Compounds 6.1a, 6.1b, 6.1d, 6.1e, 6.1g, 6.1h, 6.1i, 6.1j and 6.1n were synthesized following

the reported literature procedure.'-?

1-((2-hydroxyphenyl)(4-methylpiperazin-1-yl)methyl)naphthalen-2-ol (6.1c): According
OH(\N/ to GP 8: 2-Napthol (0.20 g, 1.39 mmol), salicylaldehyde (0.17 mL, 1.66
O NJ mmol), N-methyl piperazine (0.18 mL, 1.66 mmol) in benzene 2 mL for
OH 16 h, slow evaporation under ambient condition and washing (50 mL;
OO EtOAc : hexane; 1 : 15) the resulting solid gave 6.1c (0.42 g, 90%) as
white powder. FTIR (KBr): v = 3458, 3061, 3045, 2956, 2806, 1622, 1601, 1577, 1517,
1459, 1332, 1283, 1239, 1152, 1139, 1096, 997, 949, 832, 813, 760, 754, 746, 636, 533 cm"
! IH NMR (400 MHz, CDCls) 6 = 13.87 (s, 1H), 7.83 (d, J = 8.6 Hz, 1H), 7.68 (d, J = 8.5
Hz, 2H), 7.37 — 7.31 (m, 1H), 7.30 — 7.26 (m, 1H), 7.19 (d, J = 7.6 Hz, 1H), 7.17 — 7.15 (m,
1H), 7.04 — 7.00 (m, 1H), 6.68 (t, J = 8 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 6.05 (s, 1H), 3.32
—3.29 (m, 1H), 3.12 — 3.09 (m, 1H), 3.04 — 2.91 (m, 3H), 2.69 — 2.66 (m, 1H), 2.60 — 2.56
(m, 1H), 2.53 (s, 3H), 2.38 — 2.32 (m, 1H). *C NMR (101 MHz, CDCls) § = 156.2, 155.2,
133.2, 130.6, 129.5, 129.3, 128.8, 128.7, 126.8, 125.3, 122.7, 121.9, 120.3, 119.9, 116.1,
114.9, 62.5, 55.9, 55.3, 52.7, 47.1, 45.8. HRMS (ESI) exact mass calculated for C22H2sN202"
(IM + H]"): 349.1911; Found: 349.1904.

1-((4-methylpiperazin-1-yl)(phenyl)methyl)naphthalen-2-ol (6.1f): According to GP 8: 2-

> Napthol (1.0 g, 6.94 mmol), benzaldehyde (0.84 mL, 8.32 mmol), N-
O NJ methylpiperazine (0.92 mL, 8.32 mmol) in benzene 2 mL in reflux
OO OH condition for 18 h, slow evaporation under ambient condition, washing the

1 Mahato, S.; Haldar, S.; Jana, C. K. Chem. Commun. 2014, 50, 332.
2 Mahato, S.; Haque, M. A.; Dwari, S.; Jana, C. K. RSC Adv. 2014, 4, 46214.
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solid residue (60 mL; EtOAc : hexane; 1 : 10) gave 6.1f as yellowish solid (1.82 g, 80%).
FTIR (KBr): v =3439, 3061, 2970, 2839, 2798, 1620, 1598, 1581, 1520, 1473, 1452, 1415,
1265, 1238, 1154, 1136, 1083, 1016, 999, 949, 834, 817, 748, 698, 637, 514, 497 cm™. H
NMR (400 MHz, CDsOD): 6 = 13.34 (s, 1H), 7.82 (d, J = 8.6 Hz, 1H), 7.64 (t, J = 8.6 Hz,
1H), 7.55 — 7.53 (m, 2H), 7.35 — 7.31 (m, 1H), 7.24 — 7.20 (m, 3H), 7.18 — 7.14 (m, 3H), 5.10
(s,1H), 3.62 — 2.43 (br. m, 8H), 2.22 (s, 3H). *C NMR (101 MHz, CDCls) § = 155.0, 139.2,
132.3, 129.6, 128.9, 128.8, 128.1, 126.5, 122.6, 121.1, 119.9, 115.6, 71.6, 55.1, 53.3, 51.0,
45.7. HRMS (APCI) exact mass calculated for C2:H2sN20" ([M + H]*): 333.1961; Found:
333.1954.

2,4-di-tert-butyl-6-(phenyl(piperidin-1-yl)methyl)phenol (6.1k): According to GP 8: 2,4-

Di-tert-butyl phenol (0.15 g, 0.73 mmol), benzaldehyde (88 uL, 0.87

O ,\O mmol), piperidine (86 pL, 0.87 mmol) in benzene 2 mL in reflux condition

oH for 16 h. SiO2-column chromatography (EtOAc : Hexane; 1 : 200) gave

O product 6.1k as white solid (0.20 g, 72%). FTIR (KBr): v = 3458, 2964,

2947, 2859, 1483, 1453, 1434, 1357, 1261, 1236, 1199, 1158, 1035, 953,

871, 790, 708, 651 cm™. 'H NMR (400 MHz, CDCls): § = 12.56 (s, 1H), 7.43 (br. s, 2H),

7.30 (t, J = 7.2 Hz, 2H), 7.25 — 7.23 (m,1H), 7.14 (s, 1H), 6.74 (s, 1H), 4.44 (s, 1H), 3.29 —

1.63 (br. m, 10 H), 1.45 (s, 9H), 1.19 (s, 9H). *C NMR (151 MHz, CDCls): 5 = 153.8, 140.2,

140.1, 136.0, 129.2, 128.7, 127.7, 124.7, 124.2, 122.6, 52.4, 35.2, 34.3, 31.8, 29.8, 26.2,

24.4. HRMS (APCI) exact mass calculated for C26H3sNO™ ([M + H]¥): 380.2948; Found:
380.2950.

6-((2-hydroxyphenyl)(4-methylpiperazin-1-yl)methyl)benzo[d][1,3]dioxol-5-0l (6.1l):
o OH _According to GP 8: Sesamol (0.20 g, 1.45 mmol), salicylaldehyde (0.18
<o O O mL, 1.74 mmol), N-methyl piperizine (0.19 mL, 1.74 mmol) in ethanol
OH 2 mL in reflux condition for 16 h, slow evaporation under ambient
O condition, washing the solid residue (50 mL; EtOAc : hexane; 1 : 10),
and recrystallization from ethanol gave 6.11 (0.36 g, 72%) as whitish solid. FTIR (KBr): v =
3453, 2856, 2809, 1607, 1586, 1500, 1476, 1463, 1282, 1257, 1214, 1183, 1164, 1134, 1041,
987, 936, 875, 759, 571 cm™.*H NMR (400 MHz, CDs0D) § = 7.00 — 6.94 (m, 2H), 6.68 —
6.66 (m, 1H), 6.62 (t, J = 7.5 Hz, 1H), 6.51 (s, 1H), 6.25 (s, 1H), 5.68 (s, 2H), 5.01 (s, 1H)
2.81-2.23 (br. 8H), 2.17 (s, 3H). *C NMR (101 MHz, DMSO-ds) & = 155.7, 150.4, 146.6,
139.9, 128.6, 128.0, 126.2,119.2, 117.3, 116.0, 107.5, 100.7, 97.9, 64.8, 54.8 (2C), 50.4 (2C),
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45.4. HRMS (ESI) exact mass calculated for C19H23N204" ([M + H]"): 343.1652; Found:
343.1646.

6-((2-hydroxy-3-methoxyphenyl)(4-methylpiperazin-1-yl)methyl)benzo[d][1,3]dioxol-
o OH(\N/ 5-ol (6.1m): According to GP 8: Sesamol (0.10 g, 0.72 mmol), o-
<O O N._J  vanillin (0.13 g, 0.87 mmol), N-methyl piperazine (0.10 mL, 0.87
OH mmol) in ethanol 2 mL in reflux condition for 16 h, slow evaporation
O ocH; under ambient condition, washing the solid residue (30 mL; EtOAc :
Hexane; 1: 10), and recrystallization from ethanol gave 6.1m (0.18 g, 67%) as whitish solid.
FTIR (KBr): v =3453, 2989, 2961, 1632, 1500, 1480, 1460, 1281, 1139, 1068, 1058, 1037,
994, 934, 864, 789, 730 cm™. 'H NMR (400 MHz, CD3OD): § = 6.70 — 6.67(m, 2H), 6.59
(t, J=7.9Hz, 1H), 6.44 (s, 1H), 6.21 (s, 1H), 5.66 (d, J = 3.0 Hz, 2H), 5.01 (s, 1H), 3.73 (s,
3H), 2.91-2.27 (br. m, 8H), 2.17 (s, 3H). *C NMR (101 MHz, DMSO-ds) & = 150.4, 147.7,
146.6, 145.0, 139.9, 126.5, 120.2, 118.8, 117.3, 110.5, 107.4, 100.7, 97.8, 64.8, 55.5, 54.8,
50.4, 45.5. LRMS (APCI) exact mass calculated for C2oH2sN20s"([M + H]): 373.1758;
Found: 373.1788.

Materials and Methods for Biological Assays
i) Antibacterial studies

a) Bacterial strains

The antibacterial activities of synthesized compounds were evaluated against two bacteria:
Listeria monocytogenes, LM (ATCC 19115) and Escherichia coli enterotoxic, ETEC (MTCC
723). All the tested bacteria were grown and maintained on nutrient agar (NA) as described
earlier by Kesari et al.®
b) Determination of MIC

Minimum inhibitory  concentration (MIC) is the lowest concentration of
an antimicrobial agent that will inhibit the visible growth of a microorganism. The MIC was
determined using the microdilution method, in 96 wells microtitre plates according to
protocol described by Ghosh et al.* Compounds were dissolved in dimethyl sulfoxide
(DMSO) at concentration of 2 mg/mL and this concentration was further used to make

compound with concentration up to 1.95 pug/mL by two fold dilution method. Controls

3 Kesari, V.; Das, A.; Rangan, L. Biomass Bioenergy 2010, 34,108.
* Ghosh, S.; Indukuri, K.; Bondalapati, S.; Saikia, A. K.; Rangan, L. Eur. J. Med. Chem. 2013, 66,
101.
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(growth, compound and negative control) were also included. Microtitre plates containing
different concentration of compound (1.95 pg/mL - 1 mg/mL) were incubated at 37 °C for 24
h and MIC was recorded spectrophotometrically at 600 nm (concentration at which there is
sharp decline in the absorbance value). In addition, colour based assay were performed using
resazurin (HiMedia) solution prepared in distilled water as described by Sarker et al.> Change
in colour from purple to pink and colourless was recorded as positive and the lowest
concentration at which colour change occurs was recorded as MIC. Kanamycin (5 mg/mL)
was used as standard drug for the comparison.
c¢) FC analysis

The ability to distinguish different physiological states is very important for assessing and
validating the survival and virulence of any pathogenic microorganisms. To determine the
antibacterial action, the mid log phase culture of most susceptible bacteria, i.e., LM was
treated with compound 6.11 at its MIC and subsequently incubated for 24 h along with the
vehicle control (cells treated with 1% DMSO). Bacterial suspensions were centrifuged at
10,000 rpm and cells resuspended in phosphate buffer saline (PBS) to maintain the cell
density of approximately 10%cells/mL. Heat killed cells (95 °C for 15 min) were taken as
negative control. Samples were first singly stained by adding 10 pL carboxyfluorescein
diacetate (cFDA) (0.25 mM, Sigma Aldrich) or 10 pL propidium iodide (PI) (100 pg/mL,
Sigma Aldrich) and incubated at 37 °C for 30 min in the dark. All the stained samples were
subsequently washed with PBS to remove residual dye. Samples were also double stained
following the protocol described by Amor et al.® Multicolour flow analysis was carried out
by fully integrated and multiparamatric BD FACSCalibur (Becton Dickinson) system
equipped with an air-cooled argon ion laser emitting 15mW blue light at 488 nm and with
standard filter set up. The FC analysis of the cell samples was performed using FACS Flow
solution (BD) as the sheath fluid. Samples were kept at low flow rate (12 puL/min + 3 pL/min)
up to a total of 5,000 events per sample. Bacterial cells were analyzed by forward (FSC) and
side (SSC) light scatter. Viability in term of membrane integrity and functional cytoplasmic
enzymes was examined by staining with cFDA detected by FL1 channel, having 530 nm
bandpass filter. Red fluorescence signal of Pl was collected in the FL3 channel with >600 nm
long pass filter for membrane permeability. The fluorescence signals of individual cells were

collected in biexponential mode. Gating was done in dot-plot of FSC-SSC to discriminate

® Sarker, S. D.; Nahar, L.; Kumarasamy, Y. Methods 2007, 42, 321.
5 Amor, K. B.; Breeuwer, P.: Verbaarschot, P.; Rombouts, F. M.; Akkermans, A. D. L.; De Vos, W.
M.; Abee, T. Appl. Environ. Microb. 2002, 52009.
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bacteria from noise and artifacts. Data were acquired by BD CellQuest Pro software and were
analyzed and refined by FloJo software (Tree Star, Stanford, USA).
d) Statistical analysis

All experiments were set up in a completely randomized design and repeated thrice with a
minimum of three replicates. The statistical analysis was carried out using SPSS Statistics
17.0. The MFI values of FC data were subjected to analysis of variance (ANOVA) followed
by Tukey’s test (Post-hoc analysis) to detect significant difference between the treatments
and vehicle control for bacterial strain. Differences were considered significant at a value of
p <0.05.
e) FESEM study

Field emission scanning electron microscopy (FESEM) was used to visualize the changes
in the morphology of the LM cells before and after treatment with compound 6.11. Untreated
bacterial cells were used as negative control. The bacterial samples were gently washed with
freshly prepared 50 mM phosphate buffer solution (pH 7.2), fixed with 2.5% glutaraldehyde
in PBS and rinsed with the same buffer solution. The specimen was dehydrated using
sequential exposure for each ethanol concentrations ranging from 30% to 100%. Finally, the
specimens were coated with gold and analyzed through FESEM (Carl Zeiss, Ultra 55).
i) Antioxidant activity

The free radical scavenging efficacy of all the compounds 6.1a-6.1n were estimated using
DPPH (2,2-diphenyl-1-picrylhydrazyl) assay according to the method described by Park et
al.” DPPH is known as a stable free radical and strong scavenger for other radicals, which
loses its purple colour on accepting an electron from an antioxidant molecule available in a
reaction system.® DPPH free radical scavenging activity of the compounds were determined
using colorimetric assay. First 80 pL of DPPH solution (0.2 mM DPPH in absolute ethanol)
was mixed thoroughly with 20 uL of the compound (concentrations ranging from 1.95 pg/mL
to 1 mg/mL), and incubated for 30 min in dark at 25 °C. Butylated hydroxyl toluene (BHT)
(Sigma Aldrich, USA) and ascorbic acid were used as positive controls and ethanol as solvent
control. The absorbance was recorded at 517 nm in multimode microplate reader (Tecan,
Infinite M-200, Switzerland). The ability to scavenge the DPPH radical was calculated as %
radical scavenging activity (RSA) using the following equation:

RSA (%) = (1-A/B) x 100

"Park, Y. S.; Leontowicz, H.; Leontowicz, M.; Namiesnik, J.; Suhaj, M.; Cvikrova, M.; Martincova,
O.; Weisz, M.; Gorinstein, S. J. Food Comp. Anal. 2011, 24, 963.
8 Zou, Y.; Lu, Y.; Wei, D. J. Agric. Food. Chem. 2004, 52, 5032.
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where, A was the absorbance of test compound and B was the absorbance of the DPPH dye.
Linear graph of concentration and percentage inhibition was prepared and inhibitory

concentration 50% (1Cso) values were calculated.

iii) In silico studies
Physico-chemical properties by OSIRIS

Physico-chemical properties like lipophilicity, aqueous solubility, molecular weight, etc of
a bioactive molecule are important parameters to be considered for the drug discovery and
development. Therefore, in silico studies were carried out to calculate the above mentioned
parameter for all the synthesized compounds and the results were summarized in Table 3.
For most of the compounds, the parameters were within the standard range. The calculated
logP has been shown to be one of the key parameters in quantitative structure activity/property

Table 3: Insilico studies of the compounds 6.1a-n

Dru

Compound  Mutageni  Tumorigeni  Irritan  Reproductiv  cLog Log  Molecula  TPS Ika&Z:Ss g
S c c t e effective P S r weight A scor

° e
6.1a Red Red Green Green 3.0 -3.73 377 72.53 -1.06 0.17
6.1b Red Red Green Green 429  -4.09 319 43.7 0.33 0.19
6.1c Red Red Green Green 358  -2.97 348 46.94 4.15 0.28
6.1d Red Red Red Green 464  -4.39 303 23.47 0.64 0.15
6.1e Red Red Green Green 406  -5.12 362 69.29 -7.42 0.1
6.1f Red Red Green Red 393 -327 332 26.71 5.69 0.22
6.1g Red Red Green Green 369  -3.62 304 36.36 1 0.24
6.1h Red Red Green Green 195  -3.46 365 91.41 -6.63 0.15
6.1i Red Red Green Green 527  -5.02 353 23.47 14 0.16
6.1j Green Green Red Green 3.44 -2.78 253 23.47 3.66 0.67
6.1k Green Green Red Green 6.95 -5.37 379 23.47 -9.78 0.11
6.11 Green Green Green Green 25 -2.08 342 65.4 5.58 0.87
6.1m Red Green Red Green 2.43 -2.10 372 74.63 4.45 0.41
6.1n Green Green Red Green 5.23 -4.11 303 23.47 -9.99 0.18
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relationship (QSAR/QSPR) studies.>'® Potential antibacterial agents 6.1f, 6.1l and 6.1m
showed to have logP value of 3.93, 2.5 and 2.43, respectively, which are well below the
maximum acceptable value (5). The aqueous solubility is also an important parameter which
significantly affects the absorption and distribution characteristics of bioactive molecules.
More than 80% of the drugs in the market have aqueous solubility values greater than -4.1% It
is also known that the total sum of all polar regions of a molecule's surface correlates well
with various bioavailability related properties, such as intestinal absorption and blood brain
barrier penetration. The solubility parameters for compounds 6.1f (-3.27), 6.1l (-2.08) and
6.1m (-2.10) were found to be in the acceptable range. Positive value of drug likeness and
drug score state that 6.11 and 6.1m contains predominant fragments which are frequently
present in commercial drugs. The analysis also suggested that compound 6.11 may have low
risk to human health considering the four main parameters (mutagenic, tumorigenic, irritant,
and reproductive effectiveness). Overall, with highly desirable physico-chemical parameters
and nontoxic behaviour, the structure of compound 6.11 disclosed its potential as a promising

therapeutic agent.

Lipinski’s rule

Lipinski’s rule of 5 evaluates whether a given compound can be administered as orally
active drug.'? The analysed data showed that most of the synthesized compounds (6.1a-6.1c
and 6.1f-6.1h, 6.1j, 6.11, 6.1m) meet the Lipinski’s rules of the five, suggesting that the
compound theoretically would not have problems with oral bioavailability (Table 4).
Compounds 6.1d, 6.1e, 6.1i, 6.1k and 6.1n with high partition coefficient log P are violating
the Lipinski’s rule where permeability could be a barrier for their transport in biological
system. The methyl groups of 6.1k and 6.1n contributes to its high lipophilicity, therefore

unsuitable for oral consumption.

® Alves, C. N.; Pinheiro, J. C.; Camargo, A. J.; Ferreira, M. M. C.; Silva, A. B. F. J. Mol. Struc-
Theochem. 2000, 530, 39.

10 Bayat, Z.; Nassab, S. Q. J. Chem. Pharm. Res. 2010, 2, 306.

11 Sander, T.; Freyss, J.; Korff, M. v.; Reich, J. R.; Rufener, C. J. Chem. Inf. Model. 2009, 49, 232.
12 _ipinski, C. A.; Lombardo, F.; Dominy, B.W.; Feeney, P. J. Adv. Drug Deliv. Rev. 1997, 23, 4.
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Synthesis ....... Antioxidant and Antibacterial Properties of Diarylmethylamines

Table 4. Drug likeness property of compounds (6.1a-n) by Lipinski’s rule.

Number of Number of
Compounds Log P hydrogen bonds hydrogen bond Mole.cular Violation
donors acceptors welght
6.1a 4.45 6 1 377.44 0
6.1b 4.65 3 2 319.40 0
6.1c 4.45 4 2 348.45 0
6.1d 5.02 2 1 303.40 1
6.1le 5.46 5 1 362.43 1
6.1f 451 3 1 332.45 0
6.1g 3.85 3 1 304.39 0
6.1h 4.40 6 1 364.40 0
6.1i 6.02 2 1 353.46 1
6.1j 3.86 2 1 253.34 0
6.1k 7.48 2 1 379.59 1
6.1l 3.16 6 2 342.39 0
6.1m 2.76 7 2 372.42 0
6.1n 5.70 2 1 303.49 1

169






Chapter 8

'H and 13C Spectra of New Compounds






'H and *3C spectra of new compounds
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'H and *3C spectra of new compounds
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'H and *3C spectra of new compounds
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'H and *3C spectra of new compounds
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'H and *3C spectra of new compounds
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'H and *3C spectra of new compounds
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'H and *3C spectra of new compounds
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