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ABSTRACT

The primary objective of this thesis is to establish one-pot synthetic protocols for
the efficient synthesis of synthetically and pharmacologically appealing
carbocycles and N-containing heterocyclic frameworks, such as nitrobenzenes,

pyridines, and aziridines, utilizing simple and easily accessible starting materials.

The first chapter commences with a comprehensive introduction detailing the
synthesis and application of functionalized nitrobenzene, pyridine, and aziridine
scaffolds, including historical context and documented synthetic pathways for the
construction of the aforementioned class of carbocyclic and N-heterocyclic

compounds through diverse synthetic adaptations.

The second chapter addresses an efficient pyrrolidine:4-CIBzOH salt catalyzed a
[3+3] cyclization reaction involving p-alkyl-substituted nitroalkenes as 1,3-
binucleophiles and diverse p-aryl/alkyl/alkenyl-substituted acroleins in an open-
atmosphere. This tunable organocatalytic process preferentially forms one C-C and
one C=C bond, demonstrating a broad substrate scope and yielding various
substituted nitroarenes in good to high yields. Moreover, this organocatalytic
method is characterized by several advantageous attributes, including the avoidance
of toxic metal catalysts, the absence of external oxidants and nitrating agents,
complete carbon efficiency, exceptional functional group tolerance, water as the
sole by-product, and the circumvention of pre-functionalized arenes, etc.
Additionally, a variety of significant heterocycles and carbocycles, including 2-
arylcarbazole, 2,6-diphenylindole, 2'-chloro-1,1":4",1" -terphenyl, and 1:1":4',1"”

terphenyl, were synthesized from nitroarenes using our distinctive methodologies.

The third chapter delineates an efficient Cu(OAc)2/DABCO-mediated one-pot
synthesis of highly substituted biologically significant 2-aminonicotinonitriles
featuring a valuable phenolic moiety with satisfactory yields. This reaction
proceeds between cyclic sulfamidate imines as 1C1N sources and acyclic/cyclic
vinyl malononitriles as 4C sources for pyridine synthesis through a vinylogous
Mannich cycloaromatization sequence, forming two new C—N bonds under mild

conditions. This de novo method applies to gram-scale synthesis, highlighting the

XMl



method's practicality and accommodating a diverse array of substrates with high

functional group tolerance.

The fourth chapter describes an in situ produced photoactive copper(l) complex-
catalyzed aziridination reaction involving cyclic N-sulfonyl imines and a-aryl
substituted vinyl azides, utilizing blue LEDs irradiation. This innovative SET
method offers a benign, sustainable, and pragmatic approach for synthesizing
resourceful sulfamidate-fused aziridines, with acceptable chemical yields and
outstanding  diastereoselectivities. A few pharmacologically appealing
benzo[f][1,2,3]oxathiazepine dioxides and fused isoxazoline frameworks were
successfully achieved through our novel metal-free ring-expansion techniques,

demonstrating the synthetic utility of the obtained aziridines.

The last chapter of this thesis tackles the conclusion and future implications of the

proficient procedures implemented throughout the research.
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Chapter 1

Introduction

1.1 One-pot reaction

Efficient design and invention of new chemical methods are paramount research
topics in synthetic organic and medicinal chemistry to create structurally
complex molecules. In this context, “one-pot or pot-economic reactions have
emerged as one of the pragmatic routes. These reactions enable the creation of
structurally and stereochemically complex molecules within a single container,
making the process extremely beneficial by considerably reducing chemical
waste, saving extra workforce and time, and avoiding hazardous substances.
Importantly, this method can perform multiple bond-forming transformations in
one go without requiring additional reagents, catalysts, or steps for purification
and isolation. One-pot reactions such as domino, cascade, and tandem processes
are generally acknowledged for supremacy over traditional techniques, as

illustrated in Figure 1.1.09]

Multistep synthesis
@ Q Low yields
A)+ B mmm) (A—B mmmp A—B—{g) O Tmeconsuming
step | step Il Q Tedious purification steps

Q Huge solvent usage

One-pot synthesis . X
A + B + @ - A—B _@ Q improving yields
Single Q Time saviour

step
Q Reduced purification steps

Q Reduced solvent usage

Figure 1.1. A comparative analysis of one-pot and multistep synthesis.

In 1971, Robinson and his colleagues reported for the first time a one-pot
procedure for making N-alkyl bicyclic natural alkaloid tropinone involving
succinaldehyde, acetone dicarboxylic acid, and methyl amine in an aqueous
solution. This one-pot technique affords an unstable tropinonedicarboxylic acid



intermediate, followed by decarboxylation (losing two molecules of CO>) in
acidic conditions under heating conditions to form a novel class of tropinone. It
IS an essential component in synthesizing anti-colic and spasmolytic drugs,
especially those about the tropine alkaloid family (Scheme 1.1)%

Me

0 r\\l Me
|
HoOC One-pot COOH| K| N
+ MeNH, + }zo —
HOOC HZO, rt Heat, -2C02
HOOC
0 \
o] \
)
Unstable Tropinone

reactive intermediate

Scheme 1.1. Robinson one-pot condensation reaction method for obtaining

tropinone.

Since its debut, synthetic organic chemists have consistently favoured the "one-
pot" approach. Nowadays, this creative method is extensively used to produce
a wide breadth of natural products, pharmaceutical chemicals, drug scaffolds,
and synthetic intermediates. Inspired by the above precedence, our research
group has substantially contributed to this field by advancing several one-pot
tactics for accessing fascinating classes of carbo- and heterocyclic scaffolds.
These include substituted nitroarenes, pyridines and fused aziridines. These
substances may exhibit a wide range of therapeutic activities, such as anti-
inflammatory, anti-fungal, anti-cancer, anti-HIV, and anti-microbial effects,

demonstrating their significance and practicality in medicinal chemistry.
1.2. Background

1.2.1. General structure, historical background, and importance of

nitrobenzenes

NO,

nitrobenzene



Figure 1.2. The general structure of nitrobenzene.

The nitro group attached to benzene moieties is a distinctive and adaptable
functional group in organic, and medicinal chemistry. Eilhardt Mitscherlich, a
German chemist, who devised nitrobenzene for the first time in 1834. Its
chemical formula is CsHsNO.. Moreover, it is a water-insoluble pale-yellow
colour with an almond like odor (Figure 1.2). Notably, the nitro group of
benzenes could quickly transmute into various functionalities, including amine,
azide, amide, hydroxylamine, sulfonamide, azo, etc., and several complex
heterocycles. Additionally, many nitrobenzene derivatives exhibit various
biological actions and hold substantial promise for use in numerous scientific

domains (Figure 1.3).06-24]

Nitrobenzene containing biologically active molecules

NO, NO;
N O,N HO._ CI<_Cl  ON 0O HO Me
CN (
N/ ” 0 N HO P4 N ~ Me
OH OH Me OH o
Nitroxoline chloramphenicol 0 Acenocoumarol Entacapone
anti-bacterial anti-bacterial anti-coagulant used for Parkinson

treatment

OH

NO, NO, OH
CF3 CF3 /©/O\©\/ H Cl /@/00\/ H Cl
N
O,N N\)\m O,N \)\m
HNjMe

Me
Flutamide Nilutamide Clefamide Etofamide
\ ) anti-protozoal anti-protozoal
Androgen receptor antagonist
Cl

OH o
Niclosamide Venetoclax
anti-helminth anti-cancer

Figure 1.3. A few examples of nitrobenzene containing biologically active

molecules.



1.2.2. General structure, historical background, and importance of
Pyridines

X

=

N
pyridine

Figure 1.4. The general structure of pyridine.

Pyridine is a six-membered aromatic N-containing heterocyclic molecule with
molecular formula CsHsN (Figure 1.4). This aza-arene ring is structurally like
benzene, where a N-atom replaces one methine group. Pyridine is a colorless,
alkaline liquid with an unpleasant smell. The first experiment conducted by
Anderson in 1849, who investigated the pyrolysis of bones, is associated with
the discovery of the pyridine nucleus. Anderson was able to isolate picoline, the
first known pyridine. Later, he isolated pyridine in a pure form through
fractional oil distillation. However, after decades, the proper chemical structure
was reported in 1869 and 1871 by Wilhem Korner and James Dewar,
respectively. There are many reasons why the pyridine core is so appealing
because it constructs many bioactive natural alkaloids, drug molecules,

pharmaceuticals, agrochemicals etc. (Figure 1.5).[*523

Few of important compounds containing Pyridine ring

HO Ph
P
N Me N” >COOH N o N N/%NH
\
Vitamin Bg Picolinic acid Antifungal insecticideNO,
HO OH CO,Me o] OMe
Me Me
| S .S
Pz Me N o K< N \(/N
H (0]
OH HN OMe
Antiinflammatory Antidiabetics Antiulcerant

Some important compounds containing 2-aminonicotinonitrile moiety

cl OMe 0\ 0\
O O O

(0]

SON CN \_CN \_CN

\ H \

Z B N —

N” > NH, r NH, N” NH, @: O N” > NH,
Antifungal MeO Antitubercular A1AR antagonist S Antioxidant



Figure 1.5. Few important molecules, containing pyridine, and 2-
amininicotinonitrile as the core.

1.2.3. General structure, historical background, and importance of
Aziridines

A

aziridine

Figure 1.6. The general structure of aziridine.

The aziridine represents a unique class of three-membered saturated heterocycle
that contains one nitrogen atom (Figure 1.6). This petite heterocyclic ring is
highly reactive due to its intrinsic ring strain, making it a valuable opportunity
to serve as multifaceted, highly reactive intermediate. Aziridines could rapidly
convert into various value-added N-containing compounds that are useful in
drug discovery programs. Furthermore, they are critical structural units
ubiquitously presented in many bioactive natural molecules, active

pharmaceutical ingredients, and synthetic molecules with great biological

o) o) N o o)
|

o=p-N7] N A
N OH N (/(N N

Me <'\/(

OH ~ J
Madurastatin B1 S N2 NH;
Markofane 5R-Imexon 5S-Imexon

antibacterial

oncostatic agent

Anticancer

OL!1_0 Me Me
ST Me
| R
@ H,N
o)
N OH O
H,N

‘O‘O ™

Isomitomycin A Ladlrub|cm Ficellomycin
antibitics antitumor antibacterial

OH O

. W/m M L,
o
Me \k
Miraziridine HNZ\
antidepressant



Figure 1.7. Few important molecules contain aziridine as the core.

importance. In 1888, aziridine was first discovered by Siegmund Gabriel
(Figure 1.7).[24%1

The following section will cover several methods for obtaining functionalized
nitrobenzenes, pyridines, and aziridines.

1.3. Literature study

1.3.1 Synthesis of substituted nitrobenzene frameworks:

It is well known that nitroarenes play a very important role in synthetic organic
and medicinal chemistry. Consequently, countless methods have been recorded
for the synthesis of nitrobenzenes. This section includes some essential studies

on the topic.

1.3.1.1. Traditional synthesis of nitrobenzene

In 1834, Mitscherlich synthesized the first nitrobenzene by reacting fuming
nitric acid with benzene derived from coal tar. Later, Mansfield employed a
mixed acid (HNO3:H>SO4 =1:1) as a nitrating agent for the nitration of benzene.
This mixed acid generates in situ nitronium ion (NO2"), which acts as the

reactive species for aromatic electrophilic substitution (Scheme 1.2).[34%7]

Reaction
NO,
© HNO3+H,S0,(1:1) ©
Mechanism
O O y O
ny, N ®0: H\ @/® 2%
OH-§—O *QHN,. — ®0-N - N@
0 Q H oG  HO 4

Nitronium ion

NO,

N NOz, 3
R
“Hy0®

Nitrobenzene

Scheme 1.2. Synthesis of nitrobenzene via electrophilic substitution reaction.



1.3.1.2. Synthesis of nitrobenzenes via regiospecific ipso-nitration

In 2005, Koizumi et al. invented a regiospecific ipso-nitration of iodobenzenes.
This nitration technique utilizes tetra-n-butylammonium nitrite (n-BusNNO>) as
a powerful nitrating agent, combined with catalytic amounts of N,N'-
dimethylethylenediamine, and Cu bronze. This process leads to nitroarenes

with satisfactory chemical yields ranging from 23% to 91% (Scheme 1.3).[*®]

Cu bronze (5.0 mol%)
H

[ NO
Me N. 2
N~ Me

R N H (10.0 mol%) N X

_J nBuNNO,(1.2equiv) U
dry DMF, 100 OC, 21-27 h 13 examples
Selected examples 23-91% yields

t-Bu OMe
91% 81% 23% 5%

Scheme 1.3. Cu-catalyzed a regiospecific ipso-nitration of iodoarenes.

Based on the author's proposed mechanism, Cu(l) species may be oxidative in
addition to the carbon—-iodo bond to form a Cu(lll)-complex (A). Then, the
iodide ion is replaced with an in situ-generated nitrite ion, forming intermediate
B, which undergoes reductive elimination to make nitrobenzene and regenerate

a Cu(l) complex for the next cycle (Scheme 1.4).



cu'
N0 ﬁ\(Cuo)

L
|

lor0 l
Cu i

L L
|III orll |III orll

: ,CU_N02 : .Cu

X NO,
(n-BU4NN02)

Scheme 1.4. A proposed catalytic cycle for the synthesis of nitrobenzene.

In 2009, Buchwald et al. reported a novel Pd(0)-catalyzed ipso-nitration of aryl
chlorides/triflates using NaNO: in the presence of catalytic amounts of t-
BuBrettPhos and TDA at 130 °C in t-BuOH, leading to 74-99% vyields of
nitroarenes. This protocol offers excellent regioselectivity and operates
effectively under weakly basic conditions, enabling good compatibility with

various functional groups (Scheme 1.5).1%1

Pd,(dba); (0.5 mol%)

0 2 A (1.2 mol%) o NO2
R_| + NaN02 R—:
= TDA (5.0 mol%), t-BuOH = OMe
130°C, 24 h 23 examples O
Selected examples 74-99% yields | \1o0 P(t-Bu),
NO, NO, NO, NO, i-Pr i-Pr
Me
A
Me Me Ph HPr
Me CN [Nj
0]
95% 76% 99% 99%
X =O0Tf X =OTf X=Cl X =ClI



Scheme 1.5. Pd-catalyzed ipso-nitration of aryl chlorides/triflates.

In 2018, Zolfigol et al employed a robust 1,3-disulfonic acid imidazolium
nitrate ([Dsim]NOz) as a liquid nitrating agent for the ipso-nitration of diverse
arylboronic acids at room temperature under solvent-free conditions to produce

several nitrobenzene derivatives in good to excellent yields (Scheme 1.6).[40

B(OH), NO,
L) [DSImINO, N
S m13min. R ©) ©
HOsS"NXN~s0,H| NOs
Selected examples 13 examples 3 3
- 0, i
75-92% yields [DSIMINO;
NO, NO, NO, NO,
0,00 O
CHO OH
78% 92% 88% 78%

Scheme 1.6. Synthesis of nitroarenes by using 1,3-disulfonic acid imidazolium
nitrate ([Dsim]NOg).

In 2020, Katayev et al. accomplished a photoactive Ru(ll)-complex-catalyzed
regioselective ipso-nitration of arylboronic acids using 1-nitropyrrolidine-2,5-
dione as a metal-free, recyclable, and bench-stable nitrating reagent irradiated

by Blue-LEDs at room temperature, capable making various nitrobenzenes in

[Ru(bpys)?*] (2.5 mol%)

N B(OH), A (2.0 equiv.) . N NO,
R - pA
= MeCN, Blue LEDs, rt, 19 h =

Selected examples 40 examples
35-87% yields
NO, NO, NO, 0
[ F
Me L A
OM
i ®  Meo o
85% 35% 87%



Scheme 1.7. Photocatalytic synthesis of nitrobenzenes.

a variable range of yields (35-87%) in Scheme 1.7. Notably, this photocatalytic
method was also applied to heteroaryl-substituted boronic acids, which worked

nicely under identical conditions.[

1.3.1.3. Regiospecific chelation-assisted C(sp?)-H nitration

In 2010, Xu and colleagues reported a Pd(lI1)-catalyzed highly regioselective
ortho-nitration of aryl group of quinoxalines in the presence of AgNO: and
K2S20g at 130 °C. This mononitration reaction affords good to high yields of

the corresponding nitroarene derivatives in Scheme 1.8.[4%]

N Pd(OAC); (10.0 mol%) N
| —R'" AgNO, (2.0 equiv.) | LR
N . > NS
XN K,S,0g (2.0 equiv.) XN
R— ) R_
T DCE, 130 °C, 48 h L
H NO,

31 examples
32-93% yields

e "0 2o
(:6:,\]/ N/ /(;giN/
NO, Ph NO, Cl NO,

86% 87% 44%

Selected examples

Scheme 1.8. Pd(ll)-catalyzed regioselective ortho-nitration of 2-

arylquinoxaliones.

In 2013, Duan et al. demonstrated a simple regioselective ortho-nitration of the
N-phenyl carboxamides using Bi(NOz)3 as a nitrating agent in the presence of
acetic anhydride. The reaction proceeds at room temperature and allows for the
synthesis of ortho-nitrated products in good to excellent yields and a variable
range of regioselectivities (ortho/para = 0.9:1 to 49:1) (Scheme 1.9).1*1
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R Nz R
N. _R" _ N_ R’
R_:\ [ Bi(NO3)3 5H,0 (1.0 equiv.) R_|\ i

= O Ac,0, CH,Cl,, rt, 2.5-5 h Pz O

7 examples
40-93% yields

0
NO; |, Me NO; I\
N\H/Me N N
I
0 OZN_'(;/ 0 o

81% 93% 40%
mixture of ortho and para

Selected examples

Scheme 1.9. Regioselective ortho-nitration of N-aryl carboxamides.

In 2014, Liang et al. developed a highly regioselective and straightforward
approach for the direct oxidative nitration of aromatic sulfonamides using
sodium nitrite as the nitrating reagent in the presence of oxone in MeCN at 50
°C. Moreover, this process is attractive due to its mild conditions, strong
compatibility with functional groups, simple operation, and high yields
(Scheme 1.10).[44]

NO,
NHR2 NaNO, (2.0 equiv.) NHR2
R—L A Oxone (0. 76 equiv.) R N
| - LIS
Z CH3NO,, 50 °C, 5 h F

24 examples

Selected examples 21-98% yields

NO, NO, NO,
NHTs NHTs NHTs
M
Me ©
Cl Me
98% 21% 97%

Scheme 1.10. Regioselective nitration of aromatic sulfonamides.

1.3.1.4. Conversion of arylamines to nitroarenes
In 2009, Reddy and co-workers developed an efficient, metal-free oxidative

method for the conversion of aromatic primary amines to nitroarenes using

11



potassium iodide acting as a catalyst and tert-butyl hydroperoxide acting as an
external oxidant. This catalytic system is applicable to a variety of electron-rich

and electron-poor substituted aromatic amines (Scheme 1.11).[4°]

NH, NO,
K1 (5.0 mol%), TBHP (3.8 equiv.)
] MeCN, 80 °C, 15 h .Y
R > R
= 7
19 examples
Selected examples 35-93% yields
NO, NO,
Me Me X O O
Y L S,
N
93% 83% 35%

Scheme 1.11. Oxidative conversion of amines to nitro products accelerated by
KI-TBHP.

In 2019, Sashidhara and co-workers demonstrated a practical method for
oxidation of a variety of aromatic amines in the presence of H20, promoted by
K2CO3 at room temperature, leading to various nitroarenes in good to excellent
yields (65-94%) with a short span of time (Scheme 1.12).1461

H,0, (3.0 equiv.)
R Xy K,CO5 (1.0 equiv.)= X
(~ MeCN, i, 10min.
28 examples
Selected examples 65-94% yields
NO, NO, Me
. 3
O,N N
|
Ph
94% 65% 70%

Scheme 1.12. Metal-free access to nitroarenes from aromatic amines.
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1.3.2. Synthesis of functionalized pyridine derivatives

In 1876, Ramsay synthesized pyridine for the first time by combining hydrogen
cyanide and acetylene in a red-hot tube furnace, leading to pyridine as shown in
Scheme 1.13.147]

red-hot

. tube N
H—=N + H—H - |

Scheme 1.13. First access to pyridine from hydrogen cyanide and acetylene.
1.3.2.1 Traditional methods:
Hantzsch pyridine synthesis

In 1881, Hantzsch discovered a rapid method for synthesizing densely
substituted symmetrical pyridines involving 2.0 equiv of 1,3-dicarbonyl
compounds, aromatic aldehydes, and NH4sOAc or ammonia as a source of N-
atom for pyridine ring in EtOH. This pseudo-four-component pseudo-four-
component reaction affords initially dihydropyridine moiety, which is subjected
to oxidation in the presence of an oxidizing agent (FeCls, HNOs3, etc) to produce
the pyridines (Scheme 1.14).14¢1

2
o o 0 % 0O R O
A er 4 REcHo EOH_ rio Y OR' O, R'07 N OR'
NH3 source ~ |
reflux R H R R” "N 'R

dihydropyridine
intermidiate

Scheme 1.14. Hantzsch pyridine synthesis.
Chichibabin pyridine synthesis

In 1924, Chichibabin revealed a pseudo-four-component reaction using
enolizable aldehydes (3.0 equiv.) and ammonia at a high pressure with NaNHo.
This process allows for the synthesis of trisubstituted pyridines as shown in
Scheme 1.15.[4]
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\

H X
RW NaNHy, NH; |
o) high pressure R

Scheme 1.15. Chichibabin reaction for the synthesis of pyridine derivatives.
Bohlmann-Rahtz Pyridine Synthesis

In 1957, Ferdinand Bohlmann and Dieter Rahtz invented a two-step process for
making trisubstituted pyridines in good yields. This reaction involves the
Michael addition reaction between enaminoesters with alkynones in EtOH at 50
°C to form addition products. They are subsequently converted into pyridine
derivative at 150 °C under vacuum (Scheme 1.16).[5%]

R1

EWG EWG vacuum EWG
JI |l Eton, s0°c I\/go 150 °C B
+ _— - —
R"” °N” "R

R” NH, RN H,N" R

EWG = electron withdrawing group

Scheme 1.16. Access to trisubstituted pyridines using the Bohlmann-Rahtz

technique.
Krohnke pyridine synthesis:

In 1976, Krohnke and co-workers devised an innovative procedure for the
synthesis of symmetric and unsymmetric 2,4,6-triarylpyridines (TAPS) by
reacting N-phenacylpyridinium salts with o,3-unsaturated ketones in warm
AcOH using NH4OAc in (Scheme 1.17).054

R1
(0] X
) f@ @ NH,OAc N
R™ >Z"R! R2 Z AcOH, 110 °C AN,
Br@ R N R
R, R' = Aryl/heteroaryl R2 = Aryl/heteroaryl upto 92% yield

14



Scheme 1.17. Krohnke's synthesis of 2,4,6-triarylpyridines.

Tu and co-workers reported a metal-solvent-free one-pot multicomponent
reaction between aryl aldehydes, aryl ketones and NH4sOAc under microwave

radiation. This process leads to various 2,4,6-triarylpyridines (Scheme 1.18).152]

R!
0] o] )
)J\ J]\ NH4OAc (1.0 equiv.) AN
+ 1 - |
R™ Me R" "H  neat, MW, 110 °C, 5-9 min. P
R™ N R
Selected examples 39 examples

80-96% yields

OMe

|\
/
O ) O
Me 92% Me

Scheme 1.18. A metal-solvent-free pyridine synthesis assisted by MW.

1.3.2.2 Modern strategies

In 2007, Arndt et al. revealed a hetero-Diels-Alder process that delivered tri-
[tetra-substituted pyridines in modest to high yields (33-93%) using 1-azadienes
(silylated enol oximes) and internal/terminal alkynes in a solvent-free
environment at 150 °C. However, this method suffers from a poor

regioselectivity of the products (Scheme 1.19).53

R oTMS 1
MeO,C. _N R OH R OH
2 neat, 150 °C, 1-18 h | N + | N
| | + P2 Pz
; T™MSO R °N” “cOo;Me R” N7 “CO,Me
R

19 examples

33-99% yield
Selected example % yields

H o OH Ph ~COH i Ph o OH MeO,C o -OH
SURIRS G e salkes
H 7

~ Pz
Ph™ "'N” "COyMe H® 'N° "CO;MeimMme0,C” "N~ “CO,Me Ph” "N~ “CO,Me
66% 24% 70% 23%
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Scheme 1.19. Hetero-Diels-Alder process for the solvent-free synthesis of tri-

and tetra-substituted pyridines.

In 2010, Tanaka et al. developed an efficient, mild Rh(l)-catalyzed
regioselective cyclotrimerization of aryl/alkyl nitriles with aryl ethynyl ethers
using BINAP (5.0 mol%) to afford a series of 2,4-diaryloxypyridines in a
variable range of yields (Scheme 1.20).554

OR

[Rh(cod),]BF (1.0 mol%) «
— R+ — or _HgBINAP (5.0 mol%) |
CH2C|2, rt, 1h R1 N/ OR

Selected examples 22 examples
-829 i
CO,Et CO,Et 32-82% yields

M M
0" o 0" >F o

61% Me 55%

Scheme 1.20. Rh-catalyzed regioselective synthesis of 2,4,6-pyridines.

In 2016, Samanta et al. established a metal-free new domino technique for quick
access to a significant class of 4,6-diarylpicolinates from a variety of 4-aryl-5H-
1,2,3-oxathiazole-2,2-dioxides and MBH acetates of nitroalkenes/nitrodienes
using DABCO as an inexpensive organobase at heating conditions.
Furthermore, this metal-free domino method resulted in 82-93% yields
(Scheme 1.21).5%°
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R1

O\\S//O OAc
N O,N i X
)\_—/O . 2 CO,Et DABCO (1.5 equiv.) rj\
| THF, 55 °C, 2.5-6 h

—
PH R R N CO,Et
37 examples
Selected examples 82-93% yields
OBn F
OMe __
NGO
XN N X
| | |
5 N7 >Co,Et z
Ph N~ "CO,Et 2 Ph N~ "CO,Et
84% Br 82% 93%

Scheme 1.21. One-pot metal-free approach to 4,6-Diarylpicolinates.

In 2020, Samanta et al. also developed a simple and efficient one-pot

regioselective 1,6-addition elimination-6m-aza-electrocyclization-

aromatization reaction of vinyl/dienyl-substituted para-quinone methides with

an array of cyclic sulfamidate imines supported by DABCO as a solid

organobase in an open atmosphere. This method enables 59-84% yields of

symmetrical and unsymmetrical 2,4,6-trisubstituted pyridines with a phenolic

moiety (Scheme 1.22).0561

0 OH
Q\S:P R! R! R! R
N9+ DABCO (1.5 equiv.)
R/\ | 2-MeTHF, 60 °C, air
| N
~
RZ °N” "R

39 examples
59-84% yields

Me OH Me
Me Me
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Scheme 1.22. One-pot synthesis of 2,4,6-trisubstituted pyridines.

In 2020, Qi and co-workers demonstrated a novel [3+3] cyclization process that
involved the activation of alkynals using NHC as an organocatalyst in the
presence of base followed by cyclization with N-tosyl-2-aminoacrylate in the
presence of oxidant reaction followed by [3+3] cycloaddition with N-tosyl-2-
aminoacrylates. This process concocts the trisubstituted pyridines in modest to
good yields (33-73%. (Scheme 1.23).[51

(i) Catalyst (20.0 mol%)

R
oxidant (1.5 equiv.)
o Cs,CO03 (20.0 mol%) A
~Ts THF, rt, Ny, 24 h »
HN gz H TsO N CO,Et
74 (ii) DMF, 120 °C, 12 h S 2
CO,Et R 17 examples

33-73% yields

t-Bu t-Bu
o~ )=(_ )
tBu  oxidant {BU

Selected examples

‘ OMe
Ph
™

= “ Ts0” N7 >CO,Et
TsO~ "N~ “CO,Et TsO~ "N~ “CO,Et 2
60% 33% 73%

Scheme 1.23. NHC-catalyzed one-pot sequential synthesis of tri-substituted
pyridines.

1.3.2.3 Synthesis of functionalized nicotinonitrile derivatives

Among pyridine derivatives, the synthesis of nicotinonitriles has piqued interest
in the chemical community due to their wide range of biological actions. This
section presents some of the significant methodologies for their efficient access.

A novel technique utilizing diphosphorus tetraiodide and ammonium carbonate

in anhydrous carbon disulfide at room temperature has been devised for the
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direct conversion of picolinic acid to nicotinonitrile in a 90% vyield as disclosed
by Telvekar et al. in Scheme 1.24.[%]

Diphosphours tetraiodide (1.1 equiv.)

COOH Ammonium carbonate (1.1 equiv.) CN
B CS, 5h, 1t B
—
N N/
90% yield

Scheme 1.24. A conversion of picolinic acid to nicotinonitrile.

In 2011, Weidauer et al. revealed a CuCl-catalyzed novel conversion of
nicotinamide to nicotinonitrile in 99% yield utilizing N-methyl-N-
(trimethylsilyDtrifluoroacetamide (MSTFA) as a silylating agent (Scheme
1.25).591

O
CuCl (2.5 mol%) CN
| N NH, A (2.0 equiv.) . | S
— o L —
N toluene, 100 °C, 24 h N
99% yield

O
)J\N/Me

CFg” N
A SiMe,

Scheme 1.25. Copper-catalyzed dehydration of nicotinamide.

In 2004, Yang et al. invented a novel palladium-catalyzed cyanation reaction
of 3-bromopyridine with KCN using a catalytic amount of BusSnCl under

heating conditions to afford nicotinonitrile in a 93% yield (Scheme 1.26)[¢!

Br Pdy(dba)z (0.5 mol%) CN
| ~ t-BusP (2.5 mol%) | A
. -
> KCN “B,SnCI (0.14 mol%) N"
MeCN, 80 °C 93% yield
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Scheme 1.26. Palladium-catalyzed cyanation of 3-bromopyridine.

In 2013, Msquade et al. disclosed a condensation reaction between DMF-DMA
and alkylidene malononitriles in the presence of acetic anhydride to form
enamine derivatives which are then subjected to cyclization using a mixture of
HBr/AcOH at 55 °C. This sequential process affords 2-bromonicotinonitriles in
combined yields ranging from 32% to 94% (Scheme 1.27).[6%

NC. .CcN DMF-DMA (1.2 equiv.) NC_ _CN

I Ac,0 (20.0 mol%) jl/\/\ HBr/ACOH S CN
R “Me  toluene (0.1M), 1-18h o \F ,}rM955°C,45min. |N/ o

14 examples
32-94% yields

Me
Me SNGZ
Ph
N CN N CN X CN XN CN
» » » »
N Br N Br N Br N Br

32% 87% 94% 69%

Selected examples

Scheme 1.27. One-pot sequential synthesis of 2-bromonicotinonitriles.

In the same year, Dong et al. also reported a quick and easy way to produce
multi-substituted 2-aminopyridines with promising chemical yields of 61-79%.
This [6C + 1N] cyclization process via intramolecular aza-cyclization-

dehydration reaction involves using 2,4-pentadienenitriles and hydroxylamine

R
NH,OH (1.0 equiv.)
1 2 1
NC AR EGN (2.0 equiv,) R CN
DMF, rt, 1-8 h | _
Il Ph Ph” N~ “NH,
N
21 examples
Selected examples Cl 61-79% yields
Ph
xCN o CN Me | X CN
| = | = Z
Ph” >N” “NH, Ph"” N” NH, Ph” N7 NH,
61% 76% 73%
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Scheme 1.28. Synthesis of 2-aminopyridines from 2,4-pentadienenitriles.

(NH20H) in the presence of triethyl amine at room temperature in Scheme
1.28).[621

In 2015, Villemin and co-workers described a solvent-metal-free one-pot
procedure involving arylidene malononitriles, acetophenones, and -either
ammonium acetate or ammonium carbonate as a N-sourcing agent to make high

yields of 3-cyano-2-aminopyridines (Scheme 1.29).[6%1

AcONH, (1.0 equiv.) R
NC.__CN or CN
]/ ) fj\ (NH,),CO5 (1.0 equiv.) f\/[
R R" "Me Solvent free100 °C, 3 h g1” N7 N,
6 examples

Selected examples
80-95% yields

95%

Scheme 1.29. A metal-solvent-free access to 3-cyano-2-aminopyridines.

In 2016, Khalili and co-workers reported a mild, efficient, multicomponent
reaction of aldehydes, enolizable cyclic/acyclicketones, malononitrile, and
ammonium acetate employing graphene oxide (GO) as a heterogeneous catalyst
in water as a green medium., leading a series of 2-amino-3-cyanopyridine
derivatives in 75-97% vyields. In addition, graphene oxide catalysts could be

recycled five times efficiently (Scheme 1.30).[54
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R1

o o GO (10.0 mol%) CN
+ + NC CN + NH0AC ————— X
N R1JJ\H NC™ CN 2R "H0,80°C, 5h |

R™ CH, 1.5 equiv.
(1.5 equiv) R™ N “NH,
18 examples
Il /|
Selected examples 75.97% yields
S
/ %
Ph (0] Ph Me
N
N CN Meo)ﬁc ﬁCN | N CN
| Pz — — —
N NH, Me N NH, Ph N NH, Ph N NH,
86% 92% 79% 93%

Scheme 1.30. Graphene oxide-catalyzed synthesis of derivatives of 2-amino-3-

cyanopyridines.

In 2019, Rawat et al. devised a solvent-free Cul@Al.Os-nanocatalyzed one-pot
three-component method between oxime acetates, aldehydes, and malononitrile
at 60 °C. This green process delivers 71-89% yields of 2-aminonicotinonitriles
under neat conditions without adding additives. This method has advantages
regards to a broad substrate range, high yields, and shorter reaction time
(Scheme 1.31).[6%]

R
n-OAC CHO
| A A~y CU@ALO CN
_,\ Me + R1-0 + NC CN 2-3
R _ L Neat, 60 °C, 1-2 h
R N NH,
Selected examples L~ 20 examples
71-89% yields
CF
3 | XN
CF, =
| SN CN | N CN
Ph N NH, Ph N NH,
89% 2%

Scheme 1.31. MCR approach to 2-aminonicotinonitrile derivatives using a

Cul@Al203 nanocatalyst.
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In 2019, Zhang and his colleagues developed a simple Cu(l)-catalyzed
cyclization of ketoximes with tetracyanoethylene (TCNE) in the presence of
Na>S0s in toluene at 120 °C, providing 2-amino-3,4-dicyanopyridines with a
variable range of yields (28-61%). This cyclization technique tolerates smoothly

a variety of functional groups (Scheme 1.32).[66]

OH CN
N~ NC CN . CN
)|\ + — CuCl (20.0 mol%), Na;S0O4(2.0 equiv.) | X
R Me N toluene, 120 °C, 10 h, air _
NC c R™ "N 'NH,
Selected examples 27 examples
28-61% yields
CN CN CN
CN
| X CN | X | - CN
> F 7 P
= N~ “NH, N" NH; N” “NH,
\_s  28% . 61% 51%
F NO,

Scheme 1.32. CuCl-catalyzed one-pot synthesis of 2-amino-3,4-
dicyanopyridines.

In 2021, Ghosh et al. utilized S-cyclodextrin as a bio-based catalyst for
synthesizing 2-amino-4,6-diphenylnicotinonitrile derivatives from acetones,
aldehydes, malononitrile, and NH4sOAc in water under heating conditions. This
process has several benefits, such as no need for additional oxidants, metal-free,
and avoiding toxic and volatile organic solvents, making it environmentally
benign (Scheme 1.33).[67]

CN
)OL j\ . B—cyclodextrin (10.0 mol%) B
+ + + NH,OAc =
Ph M R H NC CN 4 o
e (1.0 equiv.) Water, 90 °C, 2 h Ph N NH,
Selected examples 20 examples

71-94% yields

| X ON CN \CN
Ph” N” “NH, Ph” >N” “NH, Ph”  N” “NH,
84% 91% 79%
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Scheme  1.33.  Metal-fr,e = MCR  approach to  2-amino-4,6-

diphenylnicotinonitriles.

In 2021, Wang and co-workers invented a metal-free robust annulation method
for accessing 5H-chromeno[2,3-b]pyridine-3-carbonitriles. The use of
piperidine promotes Michael addition—cyclization-aromatization process
between 2-amino-4H-chromen-4-ones and arylidene malononitriles in DMF at
120 °C, leading to fused pyridine derivatives in 76-88% Yyields (Scheme
1.34).1681

R1

0 0
CN CN
R_.(/\fi . ﬁ< piperidine (1.5 equiv.) - | | X
' ~ cN DMF, 120 °C, 4-5 h =
Z 0" >NH, R' CNPME ’ 07N ONH,

25 examples
Selected examples 76-88% yields

Cl

Scheme 1.34. Synthesis of 2-amino-5H-chromeno|2,3-b]pyridine-3-

carbonitriles.
1.3.3. Synthesis of functionalized aziridine derivatives

1.3.3.1 Synthesis of aziridines by intramolecular cyclization of 2-

aminoalcohols

In 2002, Bieber et al. presented base-promoted two complementary one-pot
processes that led to (S)-N-tosyl aziridines from optically active (S)-2-amino
alcohols using an excess amount of TsCl and K.CO3 or KOH in MeCN (method
A) or aqueous CH2Clx(method B). The obtained yields using method A are

generally much higher than method B, as shown in Scheme 1.35.16°]
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Method A: TsCl (3.2 equiv.) Ts

J:OH K,COj3 (4.0 equiv.), MeCN, 6 h l\ll
r” N, Method B: TsCI (3.5 equiv.) RA
2 KOH (4.0 equiv.), H,O/CH,Cl,, 30 min. 9 examples
Selected examples 46-92% yields
TS TS Ts
N N N
Me Ph
HA \(L& \/Q
Me
Method A: 46% Method A: 75% Method A: 92%
Method B: 74% Method B: 70% Method B: 64%

Scheme 1.35. Direct synthesis of (S)-N-tosyl aziridines using (S)-amino

alcohols.

In 2010, Xu et al. erected a mild, one-pot, two-step aziridination process from

vicinal amino alcohols in the presence of chlorosulfonic acid to form the

corresponding sulfate esters, which are subsequently treated with inorganic base

either NaOH or Na>COs, resulting in substituted aziridines in moderate to high

yields (12-81%) in Scheme 1.36.1]

1 R4
R)§<H (i) CISO3H (1.0 equiv.) N
~p4
HO™ X R" (i)NaOH (1.0 equiv) ~ R—/—\R?
RR or R" RS
Na,COj; (1.0 equiv.) 13 examples
Selected examples 12-81% yields
Cl
H NH H
A .
Ph Meﬁ\\“ Ph/A
12% 67% Me 56% 81%

Scheme 1.36. Conversion of amino alcohols into aziridines.

1.3.3.2 Synthesis of aziridines by intramolecular cyclization

chloroamines
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In 2007, Kimpe et al. synthesized a chiral aziridine in an excellent yield (88%)
with high diastereoselectivity (98:2 dr) through the reduction of a-chloro (Rs)-
N-tert-butanesulfinylimine using NaBH4 in MeOH to form (Rs, S)-p-chloro
sulfinamide, which was easily cyclized in the presence of KOH, leading to a
targeted aziridine (Scheme 1.37).[71

-B g-Bu
t-Bu S\ KOH (3.0 quiv.) gy, _o
N/S\\O NaBH, (2.0 equiv.) O THF/H,0 (1:1) S/
M Me || MeOH (10.0 equiv.) Me M A, 16 h Me
€ Me THF, -78°C, 1h © >Z—\
4 Cl Me Me
88% vyield
dr=98:2

Scheme 1.37. Access to chiral aziridine from N-tert-butanesulfinyl a-chloro

imine.

In 2011, Antilla et al. reported a biphenanthrol (VAPOL) magnesium
phosphate salt-catalyzed asymmetric aza-Darzens reaction involving aldamines
and 3-chloropentane-2,4-dione in THF, followed by intramolecular cyclization
assisted by DMAP as a base. This sequential process leads to aziridines in 52-
78% yields and moderate to high enantiomeric excess (57-92% ee) (Scheme
1.38).[721

O Ph._0O

YMe

N
i) Mg[P3],,(2.5 mol%)
M THF, 24 h
(i) DMAP (2.0 equiv.) A Me

DMF, 24-45 h 9 examples
52-78% yields
ee = 57-92%

Selected examples

gt B8

52% 74%  Br 78%
79% ee 57% ee 88% ee

Mg[P3], 2
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Scheme 1.38. Enantioselective synthesis of aziridines by using a biphenanthrol

magnesium phosphate salt.

In 2017, Trost et al. invented a one-pot stereospecific aziridination process
using optically active 1-chloro-2-amino derivative triggered by either Cs2COs
(method A) or NaH (method B) as a base to obtain excellent yields of
trisubstituted cis-aziridines with outstanding diastereoselectivities (Scheme
1.39).[71

0 O Boc
N Cl NHBoc Method A: Cs,COj3 (1.5 equiv.)
R4 _ MeCN (0.1 M)
Method B: NaH (2.0 equiv.)
THF (0.1 M) 7 examples
95-99% yields
Selected examples F F

% Boc
N

Method A: 95%
Method B: 99%

Scheme 1.39. Asymmetric synthesis of trisubstituted aziridines.

In 2001, Prabhakar et al. documented a mild aziridination reaction involving
an array of olefins and bromamine T as the nitrogen atom transfer reagent using
a catalytic amount of palladium(I1), capable of producing N-tosyl-2-substituted
aziridines with satisfactory yields (Scheme 1.40).I41

R Pd(MeCN),Cl,(0.5 equiv.) Ts
l TsNBrNa (1.2 equiv) _ R! N
R "R2 MeCN, rt 2§L_l\
R R
Selected examples 8 examples
Ts Ts ¢ 20-81% yields
| | ‘
Me
CONMe LA\W
81% 2 509, SOPh 44% I
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Scheme 1.40. Pd(I1)-catalyzed aziridination of olefins with bromamine T.

In 2006, Shi et al. established a metal-free, efficient aziridination of chalcones

using O-Mesitylenesulfonylhydroxylamine as an NH-transfer reagent in the
presence of NMM and KOH at room temperature to produce aziridine
derivatives in moderate to high yields. The tertiary amine might react with MSH
to generate hydrazinium salt, followed by deprotonation in the presence of a
base to form an anionic aminimide. Then, it undergoes addition-cyclization with
chalcone, which leads to the aziridine derivative proposed by the authors
(Scheme 1.41).[]

% NMM (1.0 equiv.) e
MSH (2.0 equiv.)
R—!\ N | \_R1 KOH (3.0 equiv.) R—l\ | \—R1
/ Z MeCN, rt, 3-7 h ' >z
8 examples
Selected examples 42-85% yields
o o Me
NH NH o)
Ph/Q)J\Ph Mph [ ]
\
85% S 429 N Me T Me
Me O—?—O

O.
NH,

O
NH NMM MSH
Ph N-methyl O-mesitylenesulfonyl
morpholine hydroxylamine
78% OMe p ydroxy

Scheme 1.41. Aziridination of chalcones.

In 2021, McLaughlin et al. developed an exciting method for synthesizing
previously unknown functionalized aziridine derivatives in good to excellent
yields (68-92%). At room temperature, this reaction proceeds at room
temperature between allyl sulfonamides and N-iodosuccinamide (NIS),
resulting in aziridine derivatives (Scheme 1.42).[6]
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O |
O\\S// 0=S=0

~

R )Niﬁ NIS (3.0 equiv.) N
Me”= 7 “siMe,ph MeCN, t, 12— Me T !
Me 2 Me
SiMe,Ph
Selected examples 7 examples

68-92% yields

OMe
QL € :
O:§:O O:§:O
N N
MeTL\( —L\(
Me

O=§=O
N
- Me = I
Me Me
SiMe,Ph SiMe,Ph SiMe,Ph
78% 92% 68%

Scheme 1.42. NIS-promoted synthesis of N-protected aziridines.

In 2022, Powers et al. established a novel cross-coupling technique for making
N-aryl aziridines from pyridinium aziridines and arylboronic acids catalyzed by
Ni(ll)-salt in the presence of 2,4,6-collidine. This cross-coupling reaction
allows for the synthesis of aziridines in 24-87% vyields with high tolerance of
functionalities in Scheme 1.43.177]

Ni(phen)Br, (20 mol%)
BF, N N B(OH), 2,4,6-collidine (1.0 equiv. L ]
* R KsPO, (2.8 equiv.) o R

MeCN, 65 °C, 36 h
32 examples

Selected examples 24-87% yields
NM92
o P D L
N
87% 74% 65% *Q 24% B
N~

Scheme 1.43. Synthesis of N-aryl aziridines via Ni-catalyzed cross-coupling of

N-pyridinium aziridines.

In 2003, Johnston et al. disclosed an atom economic procedure for making N-

alkyl cis-aziridines from ethyl diazoacetate with Schiff base catalyzed by
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Brensted acid, leading to 40-89% yields of aziridines with a variable range of

diastereomeric ratios (cis: trans = 60:40 to 95:5, Scheme 1.44).[78]

N/CHth \ (I;thz
P 2 TfOH (25.0 mol%)_ H. N H
N : -
R”H CO,Et CHsCH,CN, rt, 6 h R%—KCOZEt
Selected examples 10 examples
40-89% yields
cis:trans = 60:40- >95:5
CHPh, CHPh, CHPh,
H N H H /\A<H H N H
BuO,C CO,Et Ph CO,Et CO,Et
89% 42% 40%
cis:trans = 95:5 cis:trans = 82:18 cis:trans = 82:18

Scheme 1.44. Acid catalyzed aza-Darzens reaction for the synthesis of

aziridines.

In 2009, Zhong et al. revealed an efficient chiral phosphoric acid-catalyzed,
asymmetric aziridination reaction of diazoacetamides with N-Boc-imines to
bestow various trans-aziridines in high to excellent yields (81-97%) and high
diastereo- and enantioselectivities (dr>50:1; up to <96% ee). This method
tolerates various functionalities including acid sensitive N-Boc group (Scheme
1.45).I71

_Boc ) Boc
N 1 [
g H NR (R)-59 (5.0 mol%) N H
R * N, H CH,Cly, rt, 10 min. R N\R1 16 examples
2 T 81-97% yields
Selected examples 0] ee = 88-96%

2
- oo s
N N
Me ~H H § C o
o, N Ph v, N Pz
r i g TOH
° ° 99
OMe

96% 95% R?
-5
90% ee 94% ee , _(R) g
trans:cis >50:1 trans:cis >50:1 R® = 9-Anthryl
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Scheme 1.45. Chiral phosphoric acid-catalyzed asymmetric trans-aziridination

of diazoacetamides with N-Boc-imines.

In 2017, Xu et al. developed an efficient diastereoselective aziridination
reaction using N-sulfonyl imines and a-ketoesters in the presence of P(NMe2)s
to afford substituted aziridines in 15-99% vyields and diastereomeric ratios
ranging from 27:73 to 99:1 (Scheme 1.46).18

0 _SO,PMP SOPMP
J§ D‘ P(NMe,); (2.0 equiv) N
+ -
R™ COE R toluene, -78% °Ctort, 2h  R==—\'H
EtO,C R'
Selected examples 23 examples
15-99% yields
dr = 27:73-99:1
SO,PMP §02PMP §02PMP
[
Eto,c, N H Eto,C, N H Eto,c, N 1 Me
Me Cl
15% 82% 99%
27:73 dr 88:12 dr 99:1 dr

Scheme 1.46. P(NMez)s-mediated aziridination of imines.

In 2006, Stockman et al. demonstrated a powerful aziridination reaction
involving chiral tert-butyl-sulfinyl-ketimines and trimethylsulfonium iodide in
the presence of NaH in DMSO, capable of making chiral aziridines in good
yields (36-73%) with high diastereomeric excess (>95% de, Scheme 1.47).181

31



Me
o R S o

Me s\N/)\R1 MesS*I (2.5 equiv.) f"e E
Me>|\/lre NaH (2.5 equiv.) / \
DMSO, 4-24 h R E1
Selected examples 4 examples
36-73% yields
de =>95%
Me Me M
Me Me M ©
_0 .0 e
Me>k§/ Me>k§ MGXS//O
N N N

F>h/’:u Me/’:A Me A=

-

" /\/\/ ’
" )
73% 36% 47%

>95% de >95% de >95% de

Scheme 1.47. One-pot access to optically active aziridines.

In 2016, Hajra et al. reported a highly efficient asymmetric aza-Corey-
Chaykovsky reaction of chiral isatin-derived tert-butanesulfinyl ketimines with
in situ generated benzyl sulfur ylides from benzyl tetrahydrothiophenium
bromide in the presence of NaH. This process enables chiral spiro-aziridine

Me / \
Me\LMe ®

= S @
N’S\\ ) Br .
/i (0] R2 (2.5 equiv.)
R—:/ 0 NaH (2.5 equiv.)
N DMF, -40 °C, 30 min.
R1
Selected examples 11 examples
61-74% yields
dr = 82:18-99:1
Cl

MeO

63% 72%
87:13 dr 88:12 dr
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Scheme 1.48. Aza-Corey-Chaykovsky reaction for the synthesis of 3-

substituted spiroaziridine oxides.

oxindoles in satisfactory chemical yields and good to excellent

distereoselectivities (up to 99:1 dr) as shown in Scheme 1.48.[¢2]

1.4. Conclusion

A comprehensive and systematic review of the literature reveals that various
sophisticated and traditional methods have been established to successfully
synthesize numerous substituted nitroarenes, pyridine frameworks, and
aziridines. While many of these techniques have their own advantages, some
also have specific shortcomings. These include the use of harmful and toxic
transition-metal catalysts, volatile and hazardous organic solvents, operational
difficulties, multi-step procedures, unsatisfactory yields, generation of
unwanted side products, need for additional external oxidants and ligands etc.
Additionally, many approaches suffer from inherent challenges, including poor
atom-economy, limited substrate  scope, inadequate regio- and
diastereoselectivities, and intrinsic substrate combinations. Therefore,
searching for straightforward, practical, pot-economy methods for accessing
pharmacologically and synthetically value-added compounds, particularly
nitrobenzenes, pyridines, and aziridines under mild conditions is an crucial
research object for organic and medicinal chemists. Thus, we are highly inspired
to resolve the shortcomings above.
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Chapter 2

Reversal reactivity of p-alkylnitroalkenes as 1,3-

binucleophiles:

application to nitroarenes using organocatalysis

2.1 Introduction

The innovative design and synthesis of nitroarene molecular templates is a long-
standing research goal and well-studied research topic in organic chemistry.[*-2]
These popular moieties are heavily used to manufacture agrochemicals, dyes,
pharmaceuticals, high explosives, plastics, pesticides, feedstocks, and
ubiquitous commodities of organic molecules.[**I Most importantly, the nitro
group on the aromatic ring can be smoothly converted into a wide array of
functionalities*®! such as amine, azide, amide, hydroxylamine, sulfonamide,
azo, nitrile, alkyl, alkenyl, alkynyl, halides as well as various complex
heterocycles.[*lIn addition, they can inherently participate in SNAr reactions
with various nucleophiles, leading to various functionalized arenes***?(Figure
2.1).[13-16]

Me
O/g
SYN O,N
\
N
CF3
(0]
. BTZ043 Flunitrazepam Clonazepam
(anti-tubercular drug) (treat severe insomnia)  (anti-epileptic drug)
Me
HO
Me O 0=S=0 (0]
J ,N\/\ HO cl Me\(\)\H o]
0" N cl N s \©
0=S=0 (¢]]
O,N [ ©
Me
KS119 ) i NOI'Zd
(chemotherapeutic agent) Chloramphenicol _ Nimesulide
2 (anti-biotic) (anti-inflammatory drug)

Figure 2.1 Representative examples of a few drugs and bioactive compounds

containing nitroarenes molecular templates.
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2.2 Review work

Owing to their rich applications as shown earlier section (Figure 2.1),
nitroarenes were generally synthesized via aromatic electrophilic nitration of
arenes using a mixture of excess fuming HNOs and H2S04.l1-2°1 Additionally,
various advanced techniques have also been established for the construction of
substituted nitroarenes. A few important methods are described in the next

section.
2.2.1 Synthesis of nitroarenes

In 2004, Olah et al. developed an innovative ipso-nitration of arylboronicacids
using a mixture of AgNOs and chlorotrimethylsilane. This process allows for
the regioselective synthesis of nitroarenes in moderate to excellent yields (20-
90%) (Scheme 2.1).[24

B(OH), NO,
N AgNO; (2.2 equiv.) N
R TMSCI (2.2 equiv.) R
=
CH,Cl,, rt, 30-72 h Z
9 examples
Selected examples 20-98% yields
N02 N02 N02 NOZ NO2
98% 90% 88% 45% 20%

Scheme 2.1. Ipso-nitration of arylboronic acids using a mixture of
TMSCI/AgNOsa.

In 2011, Beller et. al described a simple, highly regioselective ipso-nitration
technique that led to various nitrobenzene derivatives in moderate to high yields
(45-87%) involving arylboronic acids using inexpensive tert-butyl nitrite at 80

°C in an open-atmosphere in (Scheme 2.2).12?1
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B(OH), NO,
tert-butyl nitrite (10.0 equiv.)

T 1,4-dioxane T
R , R
% 80 °C, 16 h, air =
10 examples
Selected examples 45-87% yields
NO, NO,
Me CHO
87% 56% 3% 75% 45%

Scheme 2.2. Ipso-nitration of arylboronic acids using tert-butyl nitrite.

In 2015, Jiao et al. developed a Pd-catalyzed directing group directed ortho-
selective C(sp?)-H nitration of arenes possessing various directing groups
(pyridine, pyrimidine, pyrazole etc.) using a simple and readily available tert-
butyl nitrite (TBN) in toluene under one-atmosphere of O to produce the

corresponding nitroarene derivatives in 40-89% yields (Scheme 2.3).1%%]

Me Me DG

DG
©/H .\ MeA< Pd(OAc), (10.0 mol%) ©/N02
R PhCI, 80-100 °C, 24 h R
O—N ; ; |
Z N 0, (1atm) Z

69 examples

Selected examples 40-89% yields
QO Qo Q0
_N
NO,
74% 79% 61% 75%
N () N02 NOZ
|N/ | > | N
_N N
56% “NO, 69% 69%

Scheme 2.3. Palladium-catalyzed C—H nitration of arenes.
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The catalytic cycle of the above Pd-catalyzed C—H nitration is presented as
shown in Scheme 2.4 The reaction likely involves the synthesis of palladacycle
intermediate A through  directing  group-assisted  ortho-selective
cyclometallation on the benzene ring with Pd(OAc)2. Subsequently, the
oxidative addition of active NOz+ radical and t-BuO- radical to intermediate A
form the Pd" intermediate B. The latter undergoes C-NO2 bond formation via
reductive elimination to form a nitro compound and regenerations of Pd"

species for next cycle shown in (Scheme 2.4).12%

Oy
Pd(OAc), N----"

NO,* A
t-BuO*

t-BUONO i» t-BuO® + NO*

NO,*

Scheme 2.4. A plausible mechanism for the palladium-catalyzed C—H nitration

of arenes.

Later in 2016, Zhang and coworkers reported the first example of transition
metal-catalyzed meta-selective Car-H nitration of arenes is described With the
use of Ruz(CO)12 as the catalyst and Cu(NOz3)2-3H20 as the nitro source. this
approach provides a fast-track strategy for atom/step economical synthesis of

many useful pharmaceutical molecules (Scheme 2.5).[24]
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DG RU(CO);, (10.0 mol%) D

1. iv.
RN, Cu(NOy),3H,0 oxone 5eq“'V_) - N
& (3.0 equiv.)  AQGTFA (1.5 equiv.) _
TBA-OAc (0.5 equiv.) NO,
DCE, 95°C 31 examples

Selected examples
19-81% yields

Cl
F
O G I8

N N N. N

7 7 NT o Me E/N “oMe N
N02 F NO2 ©\N02 NO2 N02

Me
76% 42% 35% 21% 74%

Scheme 2.5. Meta-Selective Car-H nitration of arenes.

In 2003, Carmeli et al. demonstrated a novel methodology for the nitration of
arlazides using in situ generated HOF:CH3CN as a best oxygen-transfer agent.

This method gives 65-98% yields of nitrobenzenes (Scheme 2.6).[?°]

N3 NO,
R_l\ F2+H20?’CH3CN g I AN
N Y R
HOF-CH3;CN (3.0 equiv.)
9 examples
Selected examples 65-98% yields
NO, NO, NO,
OMe NO,
65% 65% no reaction

Scheme 2.6. Synthesis of nitroarenes from azides.

In 2007, Kim and his coworkers reported a sequential one-pot three-step
synthesis of poly-substituted nitrobenzenes in satisfactory chemical yields. This

reaction involves the cyclization reaction between Morita-Baylis-Hillman
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acetates and 1,3-dinitroalkanes as 1,3-dinucleophiles in the presence of KoCO3
at room temperature, followed by acid-catalyzed dehydration and subsequent

aromatization triggered by K>COs under heating conditions (Scheme 2.7).[?°]

oAc O NO2  \ cos (3.0 equiv.) Me . «%Ho,
¢ DMF, rt, 2 h RT™S
+ R1
R Me R!
NO,
NO,
p-TsOH (1.0 equiv.)
toluene, reflux, 7 h
Me Me

K>CO3 (3.0 equiv.) NO

NO 2003 2
R 2 DMF, 50-60 °C, 30 min. | R >
6 examples R! R’
56-64% vyields NO,
Selected examples syn/anti mixture
® O O O
Me
64% 58% 56%
]
60% 61%

Scheme 2.7. One-pot sequential route to poly-substituted nitroarenes.

In 2016, Samanta et al. developed an interesting organocatalytic eco-friendly
domino method for the assembly of nitroarenes in promising chemical yields

DABCO (30.0 mol%) NO,

EtOH, 75 °C R1L
I air, 12-18 h = R
0~ “Ph

20 examples

Selected examples 61-75% yields
OO NO, MeO O NO, NO, NO,
MeO ‘ S ‘ ‘ e e
|
Ph” N0 Ph” 0 Ph” 0 Me  Ph” YO F
72% 65% 70% 64%
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Scheme 2.8. DABCO-catalyzed one-pot synthesis of nitroarenes.

(61-75%). This  cyclization  reaction  proceeds between  2-(2-
formylaryl)acetophenones and aryl/heteroaryl-substituted  2-nitroolefins
catalyzed by DABCO in EtOH as a green solvent in an open-atmosphere
(Scheme 2.8).127

In 2022, Samanta et al. documented a novel DBU-promoted sequential one-pot
reaction utilizing nitroalkenes as 1,3 binucleophiles with a variety of y-
aryl/alkenyl-substituted p,y-unsaturated o-ketocarbonyls under ambient
conditions, resulting in the formation of a wide range of valuable 2,5-diaryl-4-
nitrobenzoates with moderate to good yields (50-70%, Scheme 2.9).[2¢]

NO,
1
o DBU (0.1 equiv.), toluene, rt, 30-45 min. R
2 : ° :
R~ no, R1\)\[(R DBU (1.4 equiv.), 80 °C, air, 12-18 h )
© COR?
Selected examples 20 examples
/¢/¢ €50-70% yields
CO,Et CO,Et COzEt CO,Et
66% 60% 51% 50%

Scheme 2.9. DBU-promoted sequential one-pot access to 4-nitrobenzoates.
2.2.3 Conclusion

The literature study suggests that numerous synthetic methods are available to
construct substituted nitroarenes. Although the reported methods are generally
reliable, they still encounter many practical difficulties, such as using metal salts
and oxidants, a requirement of pre-functionalized arenes, poor atom economy,
specific substrate scope, difficulty in removing directing groups, etc. Therefore,
there is ample opportunity to develop a robust organocatalytic, practical
approach for synthesizing diverse nitroarenes involving adaptable starting

materials.

2.3 Present work
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Due to the importance of nitroarenes in pharmaceuticals, feedstocks, and the
manufacture of agrochemicals and high-explosive materials, it remains
desirable to synthesize nitroarenes derivatives from simple reactants using mild
and eco-friendly conditions. Towards this goal, we seem that pB-
alkylnitroalkene, which possesses an active y-methylene proton, may act as a
pronucleophile. This may eventually participate in [3+3] cyclization reaction
with an iminium species derived from o,B-unsaturated aldehyde using a
secondary amine catalyst. Thus, this unique process may generate the targeted
nitroarene product. As a part of continued research interest in the development
of organocataltic new synthetic process, here in we further report a mild,
organocatalytic domino method for making a series of nitroarenes from f-
alkylnitroalkenes and a,p-unsaturated aldehyde catalyzed by pyrrolidine-acid
sat (Scheme 2.10).

Present work:

‘ CHO metel-oxidant-free
+ | organocatalyst

>

[3+3] cyclization
1,3-bielectrophile
1,3-binucleophile

Scheme 2.10. Organocatalytic-mediated synthesis of nitroarenes.

2.4. Results and discussion

2.4.1 Screening of solvents and catalysts

We began our optimization reaction by choosing the model reaction of (2E)-3-
nitro-2-propen-1-ylbenzene (1a) with trans-cinnamaldehyde (2a) in the
presence of L-proline (20 mol%) as the catalyst in CH2Cl> in an open-flask at
45 °C. To our delight, after 18h, 41% yield of a novel class of 2'-nitro-1,1" :4',1"-
terphenyl (3aa) was obtained (entry 1, Table 2.1). The chemical structure of
3aa was assigned by its spectroscopic data (*H NMR, *C NMR, and HRMS).
The 'H NMR spectrum 3aa exhibits 13 aromatic protons in the range of 7.37-
8.07 ppm. Moreover, *3C NMR spectrum of 3aa shows a total of 14 peaks at
150.0, 141.9, 138.7, 137.5, 135.2, 132.7, 130.9, 129.5, 129.1, 128.9, 128.6,
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128.3, 127.4, 122.9 ppm. In addition, the molecular ion peak [M+Na]" at
298.0834 in the HRMS spectrum corresponds to the molecular weight 275.0946

of the desired compound 3aa.

Next, we investigate the effect of solvents and catalysts on the yield of the 3aa.
The results are summarized below in Table 2.1. To know the effects of
improving the productivity of this reaction, several pyrrolidine-acid salts (20
mol%) were screened for the above cyclization reaction. Intriguingly, the
equimolecular combination of pyrrolidine and 4-chlorobenzoic acid (pKa=
3.98) (i. e. catalyst 1V) afforded 65% yield of 3aa, which is higher than other
catalysts (11-111, V-X; 10-60% yields) applied for this reaction. It is noteworthy
to mention that the acidity of the additive has a significant role in the rate of the
cyclization reaction. For example, when the catalysts (I1X and X) were made by
either a strong aromatic acid [such as 3,5-dinitrobenzoic acid (pKa= 2.82, entry
9), PTSA (pKa= -2.8, entry 10)] or use of excess acid (entries 11 and 12), the
unsatisfactory yields (10-37%) of 3aa were obtained. Therefore, considering the
yield (65%, entry 4), catalyst 1V (pyrrolidine:4-CIBzOH) was considered the
best catalyst for this cyclization reaction. Among various organic solvents
(MeOH, EtOH, 2-MeTHF, CHCIs, toluene, MeCN and DMF), particularly
MeOH (entry 13) produced a better yield (74%) compared to others (48-67%,
entries 14-19). It is noted that using 10 mol% of catalyst 1V, the yield (41%,
entry 20) dropped significantly. Moreover, little effect was observed when the
reaction was carried out under an Oz atmosphere (entry 21). It should be noted
that 61% yield of 3aa was obtained in MeOH when the reaction was used L-

proline as a catalyst under identical conditions (entry 22).

Table 2.1. Optimization of the reaction.?

Catalyst:

II: X = OAc; VII: X = 3-N02C6H4COZ
O‘co by L@3g X =Bz0; VIII: X = 2-Me,3-NO,CgHsCO,
H 2 H X IV: X = 4-C|CGH4COZ; IX: X = 3,5-(N02)2C6H3C02
2 V: X = 2-C|CGH4COZ; X: X = 4-MECGH4SO3
| VI: X = 4-NOQC6H4C02;
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Entry | Catalyst [loading Solvent Yield [%0] P
mol%o]
1d L-Proline (20 mol%) | CH:Cl; 41
20 11 (20 mol%) CH.Cl; 32
3 11 (20 mol%) CHCl; 50
4 IV (20 mol%) CHCl; 65
5 V (20 mol%) CH.Cl; 60
6 V1 (20 mol%) CHCl; 57
7 V11 (20 mol%) CHCl; 56
8 VI (20 mol%) CH.Cl, 60
9 IX (20 mol%) CHCl 37
10 X (20 mol%) CHCl 10
11 IV/4-CIBzOH (1 :1) CH:Cl2 30
12 IV/3-NO,BzOH (1 :1) | CH2Cl, 27
13 IV (20 mol%) MeOH 74
14 IV (20 mol%) EtOH 65
15 IV (20 mol%) 2-MeTHF 63
16 1V (20 mol%) CHCIs 60
17 IV (20 mol%) toluene 52
18 IV (20 mol%) MeCN 67
19 IV (20 mol%) DMF 48
20 IV (10 mol%) MeOH 41
21¢ IV (20 mol%) MeOH 75
22 L-Proline (20 mol%) | MeOH 61

aAll the reactions were carried out with 1a (0.20 mmol) and 2a (0.24 mmol) in

dry solvent (1.0 mL) at 45 °C for 12h in an open atmosphere. ®Yield of the

isolated product. ‘Under an Oz-atmosphere. “Reaction time was 18h.

2.4.2 Possible mechanism

We propose a reasonable reaction pathway for the construction of nitrobenzene

scaffold 3aa using catalyst IV as outlined in (Scheme 2.11). First, the catalyst

52




IV reacts with a trans-cinnamaldehyde (2a) to generate a reactive iminium ion
intermediate 2a’ as a LUMO lowering energy species. After that, the counter
anion (conjugate of a base) of the resulting iminium ion would capture an active
methylene proton at the y-position of nitroalkene la to form an a-
carbonucleophilic synthon, which involves the Michael addition with 2a’,
followed by a protonation to give an iminium adduct 5. Subsequently, the
sequence of deprotonation-tautomerization-intramolecular Mannich reaction
may generate cyclohexene 6. Next, the latter eliminates a pyrrolidine-acid salt
to form cyclohexadiene 8. Finally, the aerial oxidation of 8 leads to 3aa.
Alternatively, the intermediate 5 could be generated through a concerted ene-
type of reaction between LUMO of enophile 2a’" and 1a as a HOMO. Even
though this transition state is unlikely to follow due to the energetically less

favorable,?°1it cannot be ruled out completely as shown in (Scheme 2.11).

\”\ | H Ph tonati
. A — . _protonation
pp -Hz0 Y g HX W )
2a Ph a-attack Ot/ Ph X Ph Ph o B
2a NO; 1a 4 NO, NO, 5
L N S (® >
Ph N\H
y-attack HX Ph elimination
s _AA Hw — . ——>
Q catalyst Ph aerlal
Ph Ph X oxidation Ph
NO NO NO
6 2 7 2 8

Alternative route

L) Ph h 15-Hshift
/)/ ene reaction |

LUMO N02 HOMO NO, 5

Scheme 2.11. A possible reaction mechanism.
2.4.3 Substrate scope

2.4.3.1 Synthesis of nitroarenes
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Having optimal reaction conditions in hand, we then turned our attention to
examining the generality and scope of the [3+3] cyclization reaction by varying
several 3-nitroallylbenzenes (1la-1f) and p-aryl/heteroaryl/alkyl-substituted
acroleins using 20 mol% of a catalyst V. As illustrated in Table 2.2, several
Michael acceptors like B-aryl-substituted acroleins bearing both electron-rich
(Me, MeO, and OBn) and electron-poor (F, CI, Br, and NO>) substituents on the
aryl-rings at ortho, meta, and para positions showed good reactivity, while
making C-C and C=C bonds with la. These reactions produced the
corresponding 2,5-diarylnitrobenzenes in good yields. Moreover, we were
pleased to observe that acroleins with a sterically hindered aryl moiety such as
2,6- dichlorobenzene, 2,6-difluorobenzene, 1-naphthyl or pyrenyl also provided
pretty good yields (50-67%) of the corresponding 2,5-disubstituted nitroarenes.
However, these substrates took additional time for the accomplishment of the
products. Excitingly, alkyl-substituted acroleins (2s and 2t) are poor Michael
acceptors due to the propensity to form the dienamine species in the presence
of an iminium catalyst. Greatly, by the present catalytic system, the
corresponding 2-alkyl substituted nitroarenes were isolated in 51% yield for 3as
and 50% vyield for 3at. In addition, heteroaryl-substituted acroleins (2q and 2r)
were subjected to cyclization with la that delivered the corresponding
nitrobenzenes 3aqg and 3ar in 70% and 74% yields. Moreover, acrolein with a
CO2Et group provided a 54% yield of ethyl benzoate derivative 3au. Next, the
incorporation of several electron donating (Me, MeO, and t-Bu) and electron-
poor halogen (Cl and Br) substituents on the aryl rings of nitroalkenes did not
create any problem toward the cyclization with B-aryl/alkyl/heteroaryl-
substituted acroleins to give the corresponding nitroarenes (3ba-3gr) in 59-76%
yields. In addition, many valuable substituents Me, MeO, BnO, t-Bu, COzEt,
Cl, Br, F, NO>, furan, thiophene, etc were tolerated under the present conditions.
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Cat. IV (20.0 mol%) R'
R/\/\NO2 . R(\/CHO 45 °C, MeOH, air, 12-24 h

R
1a:R = Ph 2a: R' = Ph;2l: R" = 4-BrCgH, 3aa-3gr
TeiRoadieocds, 20 E ZEMeCoEm: - 3o
H = 4- 614 .p1_ . .pl=
1d: R=4-BuCeH, 2SR = 3'MEC6H“’2n' R = 4'NOZCGH4

1e: R = 2-CICgH, 2d: R = 4-MeCgHg4;20: R" = 1-naphthyl
1f: R = 4-CICgH, 2e: R' = 4-MeOCgHy4;2p: R" = 1-pyrenyl
19: R = 4-BrCgHj 2f: R' = 2,5-(OMe),CgH3;2q: R" = 2-furyl

2g: R = 3-OMe-4-BnOCgH3;2r: R' = 2-thiophenyl
2h: R = 2-FCgH,; 2s: R' = PhCH,CH,

2i: R" = 4-FCgHy;2t: R' = BnOCH,CH,

2j: R" = 2,6-Cl,CgH3;2u: R' = CO,Et

2k: R' = 2,6-F,CgH3

Bealiseasicndcnd

3aa: 74% 3ab: 67% 3ac: 70% 3ad: 75% 3ae: 72%

e
OBn Y.
NO, O NO, O NO, O NO, O P NOY ‘
@ 7 () ® )
OMe F
Ph Ph Ph Ph Ph Y

3af: 61% 3ag: 63% 3ah: 66% 3ai: 70% 3aj: Y=CI 50%
3ak: Y=F 57%

Br NO
G R e .o
® Br (U
Ph Ph Ph

3al: 71% 3am: 67% 3an: 66% 3ao0: 68% 3ap: 59%
Ph
3ba: Y=Me 78%
Ph SN 0 3fa: Y=CI 72%
3aq: X=0;70%  3as: 51% 3at: 50% 33" 54% 3ga: Y=Br 74%
3ar: X=S; 74% ga: .

3da: Y=t-Bu 66%

3be: Y=OMe; 75% 3ca 73% 368 59% 3“ 68% ' 3cr. Y=OMe; 70%
3bi: Y=F; 70% 3gr: Y=Br; 69%

Table 2.2. Substrate scope of the [3+3] cyclization reaction.

Enthused by previous successes, a,p,y,0-unsaturated aldehydes have been used
as challenging Michael acceptors in this cyclization reaction. Interestingly,
catalyst IV was capable of activating &-aryl-substituted a,f,y,0-unsaturated
aldehydes, which underwent 1,4-Michael addition with 1,3-binucleophiles like
B-benzyl-substituted nitroethylenes la and 1f. Consequently, after 18 h, we
isolated good yields (50-60%, Table 2.3.) of a synthetically valuable (E)-styryl-

substituted nitrobenzene derivatives were obtained. Notably, this represents the
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first successful synthetic report to access the molecules described above under

metal-oxidant-free conditions.

NO,
cHo Cat: IV (20.0 mol%) R
RTNAN0, + RN MeOH, 45 °C, air, 18 h
1a: R = Ph 2w: R'=Ph R
1f: R = 4-CICgH, 2x: R' = 4-MeOCgH, 3aw-3fw

2y: R" = 4-BrCgH,4
2x: R' = 2-CIOCgH,

Y
NO, NO, O
J@N oo
Ph Ph Ph

3ax: Y = OMe;60%
3aw: 59% ’
° 3ay: Y = Br;60%

Table 2.3. Pot-economy approach to (E)-styryl-substituted nitrobenzene

derivatives.

To highlight the synthetic potential of prepared scaffolds, we performed the
Cadogan cyclization® of 3aa using PPhs in 1,2-dichlorobenzene at 180 °C,
producing a valuable 2-phenyl carbazole (11) in 81% vyield after 5h (Table 2.4.).
Furthermore, the nitro group of 3aa was efficiently reduced to compound 9 by
employing an excess amount of Fe in AcOH:H.O at 110 °C for 24h.
Furthermore, the resulting aniline derivative 9 was treated with NaNO3 in HCI
at 0-5 °C followed by CuCl at 70 °C, resulting in 86% yield of 2'-chloro-
1,1:4',1"-terphenyl (12) as a well-known starting material for nanoribbon
structure synthesis.®Y To our surprise, the treatment of compound 9 with
NaNO2/NCS or NBS in DMF at room temperature afforded 90% yield of simple
deaminated 1,1":4',1"-terphenyl (10) instead of a 2-chloro/bromo-1,1":4",1""-
terphenyl. Interestingly, the reductive cyclization[®? of nitrostyrene derivative
3aw in the presence of Bopin, and KF in EtOH produced a valuable 2,6-
diphenyl-1H-indole (13) in 86% yield.
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PhgP Ph
1,2-dichlorobenzene  NO2  Fe AcOH:H,0  NH2 ~ NBSorNCS
180 °C,5h Ph 110 °C,24 h Ph NaNO,, DMF, rt
Ph
Ph Ph
Ph

11: 81% 3aa 9: 74% 10: 90%
\ NaNO,, HCI (6N)

Iz

0-5°C,
CuCl, 70 °C

Ph
Cl

Ph Bypiny, KF, EtOH
/@/\/ reflux, 14 h mph
Ph Ph N

Table 2.4. Some important synthetic applications of nitrobenzene derivatives.
2.5. Conclusion

In this chapter, a simple organocatalytic [3+3] domino technique to synthesize
a diverse set of 2,5-disubstituted nitrobenzene building blocks in satisfactory
yields under mild conditions was developed. This reaction involves a Michael-
initiated cyclization from B-alkyl-substituted nitroalkenes as 1,3-binucleophiles
and a family of structurally varied B-aryl/alkyl/alkenyl-substituted acroleins in
the presence of pyrrolidine:4-CIBzOH salt as a powerful organocatalyst in an
open-atmosphere. Interestingly, this metal-oxidant-nitration-free process
bestows many positive features such as no need for toxic metal salts, highly
atom-economical, exceptional tolerance of functionalities, broad substrate
scope, no toxic by-product (just water), user-friendliness process, etc.
Moreover, this technique enables the synthesis of several valuable molecules
such as 2-arylcarbazole, 2,6-diphenylindole, 2’-chloro-1,1":4",1"-terphenyl, and

1,1":4',1"-terphenyl derivatives from nitroarenes by simple synthetic operations.
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2.6. Experimental

General procedure for the synthesis of compounds 1 and 2: All the
nitroalkenes (1a-g) and unsaturated aldehydes (2a-2z) were either synthesized

by literature known procedures or purchased from commercial sources.

Preparation of catalyst 1V: To a stirred solution of 4-chlorobenzoic acid (20
mmol) in dry DCM (20 mL) at 10 °C was added slowly distilled pyrrolidine (20
mmol) under nitrogen atmosphere. After that, the reaction mixture was stirred
at room temperature for 6 h. Then the DCM was removed completely by rotary
evaporator under low pressure, followed by high vacuum pump to give a white
powder pyrrolidine:4-CIBzOH salt (catalyst 1V).

General procedure for the synthesis of nitrobenzene derivatives (3aa-3fw):
To a stirred solution of appropriate B-substituted acrolein (0.24 mmol, 1.2
equiv.) and catalyst 1V (0.04 mmol, 20 mol%) in dry methanol (1.0 mL) was
added nitroalkene (0.2 mmol) at room temperature. The reaction mixture was
heated at 45 °C in an open-atmosphere for 12-24h (monitored by TLC). After
the completion of the reaction, the solvent was evaporated under reduced
pressure to give the crude mass which was purified by flash column
chromatography using hexane/EtOAc (100:0 to 95:5), leading to the desired
nitrobenzene derivative. All the products were characterized by their
spectroscopic data (*H NMR and **C NMR, HRMS).

Preparation of carbazole derivative (11): A mixture of compound 3aa (0.3
mmol) and triphenyl phosphine 0.75 mmol in 1,2-dichlorobenzene (2.0 mL)
was heated to reflux at 180 °C under nitrogen atmosphere. After completion of
the reaction, it was directly purified by silica-gel column chromatography using
10-15% hexane/ethyl acetate as a mixture of solvent to give the targeted

carbazole derivative 11.

Reduction of nitrobenzene 3aa to aniline 9: To a stirred solution of nitro
compound (0.3 mmol) and Fe-powder (2.4 mmol) in AcOH:H20 (1:1) 3.0 mL
was refluxed at 110 °C for 24 h. The reaction was cooled and quenched by
saturated NaHCOz3 solution. Afterwards, the reaction mixture was extracted

with ethyl acetate (3x10 mL), washed with water, and dried over NaxSOa. The
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combined organic phase was evaporated under reduced pressure to provide the
crude product. Finally, it was purified by silica-gel column chromatography
using a mixture of hexane/ethyl acetate (9:1) to lead the pure aniline derivative
9.

Synthesis of compound 10: A mixture of aniline derivative 9 (0.1 mmol),
NaNO: (0.2 mmol), and N-chlorosuccinimide or N-bromosuccinimide (0.15) in
DMF (1.0 mL) at room temperature was stirred for 14 h. Afterwards, the
reaction mixture was extracted with ethyl acetate (3x10 mL), washed with
water, and dried over Na>SOs. The combined organic phase was evaporated
under reduced pressure to provide the crude product. After that it was purified
by silica-gel column chromatography using a mixture of hexane/ethyl acetate
(99:1) to provide compound 10 (90% vyield).

Synthesis of compound 12: The compound 9 (0.1 mmol) was taken in 6N HCI
(2.0 mL) at 0-5 °C. After that NaNO3 (0.2 mmol) was added portion wise to the
above solution. The reaction mixture was stirred for 45 min at the same
temperature. Then the CuCl (0.3 mmol) in 2.0 mL water was added at room
temperature, followed by heating at 70 °C for 3h. Afterwards, the reaction
mixture was extracted with ethyl acetate (3x10 mL) before being neutralized
with aqueous NaHCOs solution, washed with water, and dried over Na,SOas. The
combined organic phase was evaporated under reduced pressure to provide the
crude product. After that it was purified by silica-gel column chromatography
using a mixture of hexane/ethyl acetate (99:1) to provide compound 12 (86%
yield).

Reductive cyclization of ortho-nitrostyrene derivative 3aw to indole
derivative (13): A mixture of 3aw (0.1 mmol), B2pinz (0.2 mmol), and KF (0.3
mmol) in dry EtOH (3.0 mL) was heated at 90 °C in a sealed tube for 14h. After
the removal of ethanol, the reaction mixture was extracted with ethyl acetate,
washed with water, and dried Na,SO4 to give the crude mass. The pure product

was obtained after column chromatographic purification.

Characterization data:
2'-Nitro-1,1":4",1""-terphenyl (3aa): Colorless solid; mp 128-130 °C; vyield
74% (40.7 mg); *H NMR (400 MHz, CDCl3) § 8.07 (d, J = 1.9 Hz, 1H), 7.84(dd,
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J=8.0, 1.9 Hz, 1H), 7.67-7.63 (m, 2H), 7.52 (d, J = 7.9 Hz, 3H), 7.48- 7.41 (m,
4H), 7.37 (dd, J = 7.6, 1.9 Hz, 2H) ppm; 3C NMR (100 MHz, CDCls) 5 150.0,
141.9, 138.7, 137.5, 135.2, 132.7, 130.9, 129.5, 129.1, 128.9, 128.6, 128.3,
127.4, 122.9 ppm; HRMS (ESI-TOF) m/z calcd for C1gH13NNaO, [M+Na]*:
298.0838, found 298.0834.

2-Methyl-2'-nitro-1,1":4',1""-terphenyl (3ab): Colorless solid; mp 118-120
°C; yield 67 % (38.7 mg); *H NMR (400 MHz, CDCl3) § 8.17 (s, 1H), 7.81 (d,
J=7.9Hz 1H), 7.63 (d, J = 7.5 Hz, 2H), 7.47 (t, J = 7.4 Hz, 2H), 7.43- 7.38
(m, 1H), 7.35 (d, J = 7.9 Hz, 1H), 7.30-7.16 (m, 3H), 7.11 (d, J = 7.4 Hz, 1H),
2.12 (s, 3H) ppm; 3C NMR (100 MHz, CDCls) & 149.8, 142.0, 138.7, 137.6,
136.1, 135.5, 133.0, 131.2, 130.4, 129.5, 128.9, 128.7, 128.6, 127.4, 126.1,
122.8, 20.3 ppm; HRMS (ESI-TOF) m/z calcd for C1gHisNNaO> [M+Na]™:
312.0995, found 312.0996.

3-Methyl-2'-nitro-1,1":4',1""-terphenyl (3ac): Colorless solid; mp 116-118
°C; yield 70% (40.5 mg); *H NMR (400 MHz, CDCls) § 7.96 (s, 1H), 7.72 (d,
J=7.9 Hz, 1H), 7.56-7.54 (m, 2H), 7.42-7.39 (m, 3H), 7.36-7.32 (m, 1H), 7.24
(t, J=7.5Hz, 1H), 7.15-7.13 (m, 1H), 7.09-7.06 (m, 2H), 2.32 (s, 3H) ppm; $3C
NMR (100 MHz, CDCls) 6 150.0, 141.8, 138.8, 138.7, 137.4, 135.3, 132.7,
130.8,129.5,129.4, 129.0, 128.9, 128.8, 127.4, 125.3, 122.8, 21.8 ppm; HRMS
(ESI-TOF) m/z calcd for C19H1sNNaO, [M+Na]*: 312.0995, found 312.0995.

4-Methyl-2'-nitro-1,1":4',1""-terphenyl (3ad): Colorless solid; mp 123-125
°C; yield 75% (43.3 mg); mp 130-132 °C; H NMR (400 MHz, CDCls) & 8.04
(s, 1H), 7.82 (dd, J = 7.9, 1.1 Hz, 1H), 7.64 (d, J = 7.4 Hz, 2H), 7.52-7.48 (m,
3H), 7.45-7.43 (m, 1H), 7.24-7.26 (m, 4H), 2.41 (s, 3H) ppm; 2C NMR (100
MHz, CDCls) 6 150.1, 141.7, 138.7, 138.6, 135.2, 134.5, 132.7, 130.9, 129.9,
129.5, 128.8, 128.1, 127.4, 122.8, 21.6 ppm; HRMS (ESI-TOF) m/z calcd for
C19H1sNNaO; [M+Na]*: 312.0995, found 312.1024.

4-Methoxy-2'-nitro-1,1":4',1""-terphenyl (3ae): Colorless solid; mp 136-138
°C; yield 72% (43.9 mg); 'H NMR (400 MHz, CDCls) 5 8.02 (s, 1H), 7.81 (d,
J=7.8Hz, 1H), 7.64 (d, J = 7.5 Hz, 2H), 7.54-7.47 (m, 3H), 7.44 (d, J = 7.2
Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 3.86 (s, 3H) ppm;
13C NMR (100 MHz, CDCl3) § 160.1, 150.1, 141.5, 138.7, 134.8, 132.7, 130.8,
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129.53, 129.51 (2C, one peak overlap), 128.8, 127.4, 122.8, 114.6, 55.7 ppm;
HRMS (ESI) m/z calcd for C1gH1sNNaO3s [M+Na]*: 328.0944, found 328.0949.

2,5-Dimethoxy-2'-nitro-1,1":4",1""-terphenyl (3af): Colorless solid; mp 128-
130 °C; yield 61% (40.8 mg); *H NMR (400 MHz, CDCls) § 8.15 (s, 1H), 7.85
(d, J = 7.9 Hz, 1H), 7.66-7.64 (m, 2H), 7.51-7.47 (m, 3H), 7.45-7.40 (m, 1H),
6.94-6.83 (m, 3H), 3.84 (s, 3H), 3.68 (s, 3H) ppm; 3C NMR (100 MHz, CDCls)
0 154.3, 150.5, 150.4, 141.9, 138.9, 133.1, 131.8, 131.3, 129.5, 128.8, 127.9,
127.4,122.8,116.3, 114.3, 111.9, 56.2, 56.0 ppm; HRMS (ESI-TOF) m/z calcd
for C20H17NNaO4 [M+Na]*: 358.1050, found 358.1056.

4-(Benzyloxy)-3-methoxy-2'-nitro-1,1":4',1""-terphenyl (3ag): Pale yellow
solid; mp 124-126 °C; yield 63% (51.8 mg); *H NMR (400 MHz, CDCls) §
8.00 (s, 1H), 7.80 (d, J = 7.9 Hz, 1H), 7.64-7.62 (m, 2H), 7.52-7.42 (m, 6H),
7.39 (t, J = 7.4 Hz, 2H), 7.34-7.30 (m, 1H), 6.96-6.94 (m, 1H), 6.89-6.85 (m,
2H), 5.20 (s, 2H), 3.90 (s, 3H) ppm; 3C NMR (100 MHz, CDCls) § 150.2,
150.0, 148.9, 141.6, 138.7, 137.3, 134.8, 132.6, 130.7, 130.3, 129.5, 129.0,
128.9, 128.3, 127.7,127.4, 122.7, 120.8, 114.3, 112.0, 71.4, 56.5. HRMS (ESI-
TOF) m/z calcd for C2sH21NNaOs [M+Na]*:434.1363, found 434.1375.

2-Fluoro-2'-nitro-1,1":4',1""-terphenyl (3ah): Colorless solid; mp 106-108°C;
yield 66% (38.7 mg); *H NMR (400 MHz, CDCls) § 8.26 (s, 1H), 7.89 (d, J =
7.7 Hz, 1H), 7.67-7.65 (m, 2H), 7.51-7.37 (m, 6H), 7.29-7.27 (m, 1H), 7.15 (t,
J = 8.9 Hz, 1H) ppm; C NMR (100 MHz, CDCl3) § 159.7 (d, Jc-r = 246.0
Hz), 149.8, 142.7, 138.6, 133.3, 131.5, 130.6 (d, Jc.r = 8.0 Hz), 130.4, 129.6,
129.5129.0, 127.4, 125.7 (d, Jc-r = 1.6 HZz), 125.0,123.3, 115.9 (d, Jc-F =22.2
Hz) ppm; HRMS (ESI-TOF) m/z calcd for C1gH12FNNaO2 [M+Na]*: 316.0744,
found 316.0747.

4-Fluoro-2'-nitro-1,1":4',1""-terphenyl (3ai): Colorless solid; mp 114-116
°C; yield 70% (41.0 mg); *H NMR (500 MHz, CDCls) § 8.07 (d, J =1.65 Hz,
1H), 7.83 (dd, J = 7.95, 1.65 Hz, 1H), 7.64 (d, J = 7.4 Hz, 2H), 7.52-7.43 (m,
4H), 7.33 (dd, J = 8.6, 2.0 Hz, 2H), 7.14 (d, J= 8.6 Hz, 2H) ppm; C NMR
(100 MHz, CDClIs) 6 163.1 (d, Jcr = 247.0 Hz) 150.0, 142.2, 138.6, 134.2,
133.5, 132.7, 131.0, 130.1 (d, Jc-r =8.0 Hz) 129.6, 129.0, 127.4, 122.9, 116.1
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(d, Jc-r = 22.0 Hz) ppm; HRMS (ESI-TOF) m/z calcd for CigHi2FNNaO:
[M+Na]*: 316.0744, found 316.0743.

2,6-Difluoro-2'-nitro-1,1":4',1""-terphenyl (3ak): Colorless solid; mp 110-112
°C; yield 57% (37.4 mg); *H NMR (500 MHz, CDCl3) & 8.36 (d, J = 1.9 Hz,
1H), 7.90 (dd, J = 8.0, 1.9 Hz, 1H), 7.66-7.65 (m, 2H), 7.56-7.48 (m, 3H), 7.45-
7.46 (m, 1H), 7.40-7.34 (m, 1H), 7.05-6.98 (m, 2H) ppm; *3C NMR (125 MHz,
CDCl3) 6 160.0 (dd, Jc-F = 246.9, 6.46 Hz), 149.6, 143.4, 138.5, 133.9, 131.6,
130.5 (t, Jcr = 10.15 Hz), 129.6, 129.1, 127.5, 123.6, 123.1, 115.1 (t, Jc-F =
19.4 Hz), 112.0 (dd, Jc.F = 5.4, 20.1 Hz) ppm; HRMS (ESI-TOF) m/z calcd for
CigH11F2NNaO2[M+Na]*: 334.0650, found 334.0651.

2,6-Dichloro-2'-nitro-1,1":4',1""-terphenyl (3aj): Colorless solid; mp 136-138
°C; yield 50%; 34.4 mg); *H NMR (500 MHz, CDCls ) § 8.45 (d, J = 1.8 Hz,
1H), 7.96 (dd, J =8.0, 1.8 Hz, 1H), 7.73-7.68 (m, 2H), 7.58 — 7.55 (m, 2H), 7.48
-7.38 (m, 4H), 7.32-7.28 (m, 1H) ppm; *C NMR (125 MHz, CDCls) § 143.5,
138.2, 133.3, 131.6, 129.4, 127.9, 127.1, 125.9, 124.9, 124.4, 124.0, 123.2,
122.4,118.3 ppm; HRMS (ESI-TOF): m/z [M+ Na]" calcd for C1sH11ClI2NNaO;
366.0059, found 366.0064.

4-Bromo-2'-nitro-1,1":4',1""-terphenyl (3al): Colorless solid; mp 141-143
°C; yield 71% (50.3 mg); *H NMR (400 MHz, CDCls) § 8.10 (s, 1H), 7.84 (d,
J=7.9Hz, 1H), 7.64 (d, J = 7.5 Hz, 2H), 7.58 (d, J = 7.9 Hz, 2H), 7.53-7.43
(m, 4H), 7.23 (d, J = 8.0 Hz, 2H) ppm; **C NMR (100 MHz, CDCls) § 149.7,
142.4, 138.5, 136.5, 134.1, 132.5, 132.3 (2C, one overlap peak), 131.1, 129.9,
129.6, 129.0, 127.4, 123.1 ppm; HRMS (ESI-TOF) m/z calcd for
CisH12"°BrNOzNa [M+Na]*: 375.9944, found 375.9984; HRMS (ESI) m/z
calcd for C1gH122'BrNO2Na [M+Na]*: 377.9923, found 377.9938.

3-Bromo-2'-nitro-1,1":4',1""-terphenyl (3am): Colorless solid; mp 144-146
°C; yield 67% (47.4 mg); *H NMR (500 MHz, CDCls) § 8.05 (d, J = 1.5 Hz,
1H), 7.77 (dd, J = 8.0, 1.5 Hz, 1H), 7.56 (d, J = 7.0 Hz, 2H), 7.48-7.36 (m, 6H)
7.23 (t,J = 7.5 Hz, 1H), 7.19 (d, J = 9.0 Hz, 1H) ppm; C NMR (100 MHz,
CDCIs) 6 149.7, 142.6, 139.6, 138.4, 133.8, 132.6, 131.6, 131.3, 131.1, 130.5,
129.6, 129.1, 127.4, 127.0, 123.1, 123.0 ppm; HRMS (ESI-TOF) m/z calcd for
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CisH12"°BrNOzNa [M+Na]*: 375.9944, found 375.9964; HRMS (ESI) m/z
calcd for C1gH122'BrNO2Na [M+Na]*: 377.9923, found 377.9945.

2',4-Dinitro-1,1":4',1""-terphenyl (3an): Colorless solid; mp 152-154 °C;
yield 65% (41.6 mg); *H NMR (400 MHz, CDCls) § 8.32 (d, J = 8.3 Hz, 2H),
8.22 (s, 1H), 7.91 (d, J = 7.9 Hz, 1H), 7.66 (d, J = 7.6 Hz, 2H), 7.54-7.45 (m,
6H) ppm; *C NMR (100 MHz, CDCls) § 149.4, 148.1, 144.5, 143.4, 138.2,
133.3,132.4,131.5,129.7,129.4,129.3, 127.5, 124.3, 123.5 ppm; HRMS (ESI-
TOF) m/z calcd for C1gH12N2NaO4[M+Na]*: 343.0689, found 343.0717.

1-(3-Nitro-[1,1'-biphenyl]-4-yl)naphthalene (3a0): Pale yellow solid; mp
161-163°C; yield 68% (44.2 mg); *H NMR (500 MHz, CDCls) § 8.30 (s, 1H),
7.92 (d, J =7.75 Hz, 3H), 7.71 (d, J = 7.0 Hz, 2H), 7.56-7.51 (m, 6H), 7.49-
7.38 (m, 3H) ppm; *C NMR (100 MHz, CDClg) & 150.5, 142.4, 138.7, 135.6,
134.2, 133.9, 133.8, 131.9, 131.2, 130.2, 129.6, 129.0, 128.9, 127.5, 127.0,
126.5, 126.4, 125.6, 125.2, 123.0 ppm; HRMS (ESI-TOF) m/z calcd for
C22H1sNNaO; [M+Na]*: 348.0995, found 348.1022.

1-(3-Nitro-[1,1'-biphenyl]-4-yl)pyrene (3ap): Light green solid, mp 230-232
°C: yield 59% (47.1 mg); *H NMR (500 MHz, CDCls) & 8.36 (s, 1H),8.24 (t, J
=7.0 Hz, 2H), 8.19 (d, J = 7.5 Hz, 1H), 8.13 (br s, 2H), 8.05-8.02 (m, 2H), 7.98
(dd, J = 7.8, 1.5 Hz, 1H), 7.91 (d, J= 7.8 Hz, 1H), 7.80 (d, J = 9.15 Hz, 1H),
7.76 (d, J = 7.5 Hz, 2H), 7.67 (d, J = 7.9 Hz, 1H), 7.56 (7, J = 7.9Hz, 2H), 7.48
(t, J = 7.3 Hz, 1H) ppm; C NMR (100 MHz, CDCl3) § 150.8, 142.5, 138.7,
134.7, 134.4, 132.7, 131.7, 131.6, 131.2, 131.2, 129.6, 129.1, 129.0, 128.6,
128.3, 127.7, 127.5, 126.7, 126.5, 125.9, 125.7, 125.1, 125.1, 125.0, 124.4,
123.1 ppm; HRMS (ESI-TOF) m/z calcd for C2sHi17NNaO, [M+Na]*: 422.1151,
found 422.1178.

2-(3-Nitro-[1,1’-biphenyl]-4-yl)thiophene (3ar): Colorless solid; mp 80-
82°C; yield 74% (41.6 mg); *H NMR (400 MHz, CDCl3) § 7.96 (s, 1H), 7.79
(d,J=7.8Hz, 1H), 7.63 (d, J = 7.5 Hz, 3H), 7.50 (t, J = 7.3 Hz, 2H), 7.45-7.43
(m, 2H), 7.13-7.10 (m, 2H) ppm; *C NMR (100 MHz, CDCls) 5 150.1, 142.3,
138.5, 137.3, 133.0, 130.5, 129.6, 129.0, 128.2, 127.6, 127.5, 127.4, 127.2,
122.6 ppm; HRMS (ESI-TOF) m/z calcd for CisH1iNNaO.S [M+Na]*:
304.0403, found 304.0403.
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2-(3-Nitro-[1,1'-biphenyl]-4-yl)furan (3aq): Colorless solid; mp 120-122 °C;
yield 70% (37.1 mg); *H NMR (500 MHz, CDCl3) § 7.89 (s, 1H), 7.79 (s, 2H),
7.61 (d, J = 7.5 Hz, 2H), 7.53 (s, 1H), 7.49 (t, J= 7.5 Hz, 2H),7.44-7.41 (m,
1H), 6.71 (d, J = 3.4 Hz, 1H), 6.52 (dd, J=3.4, 1.75 Hz, 1H) ppm; *C NMR
(100 MHz, CDCIs) 6 148.6, 148.2, 144.2, 141.8, 138.5, 130.4, 129.5 (2C),
128.9, 127.3, 123.0, 122.6, 112.3, 110.2 ppm; HRMS (ESI-TOF) m/z calcd for
C16H1:NNaO3z [M+Na]*: 288.0631, found 288.0635.

3-Nitro-4-phenethyl-1,1"-biphenyl (3as): Colorless solid; mp 94-96 °C; vyield
51% (30.9 mg); *H NMR (400 MHz, CDCls) § 8.18 (s, 1H), 7.73 (s, 1H), 7.62
(s, 2H), 7.50 (s, 2H), 7.43 (s, 1H), 7.32 (d, J = 5.9 Hz, 3H), 7.26 (s, 3H), 3.24
(br s, 2H), 3.02 (br s, 2H) ppm; *C NMR (100 MHz, CDCls) § 150.0, 141.3,
141.0, 138.8, 135.6, 133.0, 131.6, 129.5, 128.9, 128.8, 128.7, 127.3, 126.6,
123.4, 37.4, 355 ppm; HRMS (ESI-TOF) m/z calcd for CxoHi7NNaO-
[M+Na]*: 326.1151, found 326.1153.

4-(2-(Benzyloxy)ethyl)-3-nitro-1,1'-biphenyl (3at): Colorless solid; mp 80-82
°C; 50% yield (33.4 mg); *H NMR (400 MHz, CDCls) & 8.12 (d, J = 2.0 Hz,
1H), 7.73 (dd, J = 8.0, 2.0 Hz, 1H), 7.61-7.56 (m, 2H), 7.47 (t, J = 8.0 Hz, 3H),
7.43-7.37 (m, 1H), 7.29 (d, J = 6.8 Hz, 5H), 4.52 (s, 2H), 3.79 (t, J = 6.4 Hz,
2H), 3.25 (t, J = 6.4 Hz, 2H) ppm; *C NMR (100 MHz, CDCl3) 5 150.4, 141.1,
138.8, 138.5, 133.6, 133.1, 131.4, 129.5, 128.7, 128.7, 127.9, 127.9, 127.3,
123.4, 73.3, 70.0, 33.5 ppm; HRMS (ESI-TOF) m/z calcd for C21Hi1osNNaOs
[M+Na]": 356.1257, found 356.1272.

4'"-Methyl-2'-nitro-1,1":4',1""-terphenyl(3ba): Colorless solid; mp 105-107
°C; yield 76% (43.9 mg); *H NMR (500 MHz, CDCls) & 8.05 (d, J = 1.55 Hz,
1H), 7.82 (dd, J = 8.0, 1.55 Hz, 1H), 7.54 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.0
Hz, 1H), 7.46-7.39 (m, 3H), 7.36-7.35 (m, 2H), 7.31 (d, J = 8.0 Hz, 2H), 2.42
(s, 3H) ppm; 13C NMR (100 MHz, CDCl3) § 150.0, 141.9, 138.9, 137.5, 135.7,
134.9,132.7,130.7, 130.3, 129.1, 128.6, 128.3, 127.2, 122.6, 21.5 ppm; HRMS
(ESI-TOF) m/z calcd for C1oH1sNNaO2 [M+Na]*: 312.0995, found 312.1000.

4-Methoxy-4'"-Methyl-2'-nitro-1,1":4',1""-terphenyl (3be): Colorless solid,;
mp 120-122 °C; yield 75% (47.8 mg); *H NMR (400 MHz, CDCls) & 8.00 (d,
J=2.0Hgz, 1H), 7.79 (dd, J = 8.0, 1.9 Hz, 1H), 7.54 (d, J = 7.9 Hz, 2H), 7.48
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(d, J=8.0Hz, 1H), 7.30 (dd, J = 8.3, 4.6 Hz, 4H), 6.97 (d, J = 8.8 Hz, 2H), 3.86
(s, 3H), 2.43 (s, 3H) ppm; C NMR (100 MHz, CDCls) & 160.0, 150.1, 141.4,
138.8, 135.8, 134.4, 132.6, 130.6, 130.2, 129.5 (2C, one overlap peak), 127.2,
122.5, 114.6, 55.7, 215 ppm; HRMS (ESI-TOF) m/z calcd for
C2o0H17NNaO3[M+Na]*: 342.1101, found 342.1095.

4-Fluoro-4''-methyl-2'-nitro-1,1":4',1""-terphenyl (3bi): Colorless solid: mp
106-108 °C; yield 70% (42.9 mg); *H NMR (400 MHz, CDCl3) § 8.06 (d, J =
2.0 Hz, 1H), 7.82 (dd, J = 7.9, 1.9 Hz, 1H), 7.54 (d, J = 7.9 Hz, 2H), 7.46 (d, J
= 8.0 Hz, 1H), 7.36-7.30 (m, 4H), 7.13 (t, J = 8.7 Hz, 2H), 2.43 (s, 3H) ppm;
13C NMR (100 MHz, CDCl3) § 163.1 (d, Jc-r= 247.0 Hz) 149.9, 142.1, 139.0,
135.6, 133.8, 133.5 (d, Jcr = 4.0 Hz), 132.6, 130.7, 130.3, 130.1 (d, Jcr=8.0
Hz), 127.2,122.6, 116.1 (d, Jc.r = 21.0 Hz), 21.5 ppm; HRMS (ESI-TOF) m/z
calcd for C19H14FNNaO2[M+Na]*: 330.0901, found: 330.0911.

4'"-Methoxy-2'-nitro-1,1":4',1""-terphenyl (3ca): colorless solid; mp 100-102
°C; yield 73% (44.5 mg); 'H NMR (400 MHz, CDCls) & 8.02 (s, 1H), 7.79 (d,
J=6.6 Hz, 1H), 7.59 (d, J = 7.0 Hz, 2H), 7.52-7.32 (m, 6H), 7.03 (d, J = 7.1
Hz, 2H), 3.88 (s, 3H) ppm; 3C NMR (100 MHz, CDCl3) § 155.3, 144.9, 136.4,
132.4, 129.4, 127.5, 125.9, 125.3, 123.9 , 1235, 123.4, 123.2, 117.1, 109.9,
50.6 ppm; HRMS (ESI-TOF) m/z calcd for C19H1sNNaO3z [M+Na]*: 328.0944,
found 328.0973.

4'-Methoxy-3-nitro-4-phenethyl-1,1’-biphenyl (3cs): Colorless solid; mp 80-
82 °C; yield 59% (39.3 mg); *H NMR (400 MHz, CDCl3) 6 8.11 (d, J = 1.7 Hz,
1H), 7.67 (dd, J = 8.0, 1.8 Hz, 1H), 7.54 (d, J = 8.7 Hz, 2H), 7.30 (d, J = 7.8 Hz,
3H), 7.23 (d, J = 7.6 Hz, 3H), 7.00 (d, J = 8.7 Hz, 2H), 3.87 (s, 3H), 3.20 (dd, J
= 9.4, 6.6 Hz, 2H), 2.99 (dd, J = 9.4, 6.5 Hz, 2H) ppm; 3C NMR (100 MHz,
CDCl3) 6 160.3, 150.0, 141.3, 140.6, 134.9, 132.9, 131.3, 131.1, 128.9, 128.8,
128.4, 126.6, 122.9, 114.9, 55.8, 37.4, 35.5 ppm; HRMS (ESI-TOF) m/z calcd
for C21H19NNaO3z [M+Na]*: 356.1257, found 356.1244.

2-(4'-Methoxy-3-nitro-[1,1’-biphenyl]-4-yl)thiophene (3cr): Colorless solid;
mp 90-92 °C; yield 70% (43.5 mg); *H NMR (400 MHz, CDClz) & 7.91 (d, J =
1.7 Hz, 1H), 7.74 (dd, J = 8.1, 1.8 Hz, 1H), 7.60-7.54 (m, 3H), 7.46-7.38 (m,
1H), 7.14-7.06 (m, 2H), 7.02 (d, J = 8.7 Hz, 2H), 3.87 (s, 3H) ppm; °C NMR
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(100 MHz, CDCl3) 6 160.5, 150.1, 141.9, 137.5, 132.9, 130.8, 129.9, 128.5,
128.1, 127.4, 127.4, 126.5, 122.0, 115.0, 55.8 ppm; HRMS (ESI-TOF) m/z
calcd for C17H13NNaOsS [M+Na]*: 334.0508, found 334.0511.

4""-(tert-Butyl)-2'-nitro-1,1":4’",1""-terphenyl (3da): Colorless solid; mp128-
130 °C; yield 66% (43.7 mg); *H NMR (500 MHz, CDCls) § 8.06 (t, J = 2.8
Hz, 1H), 7.87-7.77 (m, 1H), 7.59 (d, J = 7.9 Hz, 2H), 7.56-7.48 (m, 3H), 7.47-
7.39 (m, 3H), 7.37 (d, J = 6.7 Hz, 2H), 1.38 (d, J = 3.4 Hz, 9H) ppm; *C NMR
(125 MHz, CDCls) 6 152.1, 150.0, 141.8, 137.5, 135.7, 134.9, 132.6, 130.7,
129.0, 128.6, 128.3, 127.1, 126.5, 122.6, 35.04, 31.65 ppm; HRMS (ESI-TOF)
m/z calcd for C22H21NNaO2[M+Na]*: 354.1465, found 354.1466.

2-Chloro-3'-nitro-1,1":4',1""-terphenyl (3ea): Colorless solid; mp 115-117
°C; yield 68% (42.1 mg); *H NMR (400 MHz, CDCl3) § 7.96 (d, J = 1.8 Hz,
1H), 7.72 (dd, J = 8.0, 1.8 Hz, 1H), 7.51 (d, J = 7.9 Hz, 2H), 7.45-7.37 (m, 8H)
ppm; BC NMR (100 MHz, CDCls) § 149.3, 139.9, 138.1, 137.4, 135.8, 133.6,
132.8, 132.0, 131.5, 130.7, 130.0, 129.1, 128.7, 128.3, 127.6, 125.4 ppm;
HRMS (ESI-TOF) m/z calcd for C1sH12CINNaO2 [M+Na]*: 332.0449, found
332.0459.

2-(4'-Bromo-3-nitro-[1,1’-biphenyl]-4-yl)thiophene (3gr): Colorless solid,;
mp 100-102 °C; yield 69% (49.7 mg); *H NMR (400 MHz, CDCls3) & 7.92 (s,
1H), 7.75 (d, J = 7.7 Hz, 1H), 7.63 (d, J = 7.9 Hz, 3H), 7.52-7.41 (m, 3H), 7.17
-7.05 (m, 2H) ppm; *C NMR (100 MHz, CDCls) § 150.1, 141.0, 137.3, 137.1,
133.1, 132.7, 130.2, 129.1, 128.9, 128.3, 127.7, 127.6, 123.5, 122.4 ppm;
HRMS (ESI-TOF) m/z calcd for CigH10"°BrNNaO,S[M+Na]*: 381.9508, found
381.9526; HRMS (ESI-TOF) m/z calcd for CigH10®*BrNNaO,S[M+Na]":
383.9487, found 383.9499.

4'"-Bromo-2'-nitro-1,1":4',1""-terphenyl (3ga): Colorless solid; mp 109-111
°C; yield 74%(52.4 mg); *H NMR (500 MHz, CDCls) § 8.03 (d, J = 1.9 Hz,
1H), 7.80 (dd, J = 8.0, 2.0 Hz, 1H), 7.64 (d, J = 8.5 Hz, 2H), 7.52 (dd, J = 8.2,
4.9 Hz, 3H), 7.48-7.40 (m, 3H), 7.38-7.33 (m, 2H) ppm; °C NMR (125 MHz,
CDCI3) 6 150.0, 140.7, 137.5, 137.2, 135.6, 132.9, 132.7, 130.7, 129.1, 128.9,
128.7, 128.2, 123.3, 122.6 ppm; HRMS (ESI-TOF): m/z [M + Na]* calcd for
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C1sH12"°BrNNaO; 375.9944, found 375.9968; HRMS (ESI-TOF): m/z [M +
Na]* calcd for C1sH122'BrNNaO, 377.9923, found 377.9949.

Ethyl 4’-chloro-3-nitro-[1,1'-biphenyl]-4-carboxylate (3au): Gummy liquid;
yield 54% (29.3 mg); *H NMR (500 MHz, CDCls3) § 8.07 (d, J = 1.6 Hz, 1H),
7.88 — 7.82 (m, 2H), 7.63-7.59 (m, 2H), 7.51 (t, J = 7.3 Hz, 2H), 7.49-7.45 (m,
1H), 4.41 (q, J = 7.2 Hz, 2H), 1.38 (t, J = 7.2 Hz, 3H) ppm; C NMR (125
MHz, CDCIs) & 165.5, 149.5, 145.6, 138.0, 131.1, 130.9, 129.6, 129.5, 127.5,
126.1, 122.6, 62.8, 14.2 ppm; HRMS (ESI-TOF) m/z calcd for
CisH13NNaOs[M+Na]™: 294.0737, found 294.0719.

4''-Chloro-2'-nitro-1,1":4",1""-terphenyl (3fa); colorless solid; mp 98-100 °C;
yield 72% (44.6 mg); *H NMR (500 MHz, CDCl3) § 8.03 (d, J = 2.0 Hz, 1H),
7.80(dd, J=8.0, 1.9 Hz, 1H), 7.58 (d, J = 8.5 Hz, 2H), 7.52 (d, J = 8.0 Hz, 1H),
7.49-7.42 (m, 5H), 7.36 (dd, J = 7.8, 1.8 Hz, 2H) ppm; *C NMR (125 MHz,
CDCl3) 4 150.0, 140.6, 137.2, 137.0, 135.5, 135.1, 132.8, 130.7, 129.7, 129.1,
128.7, 128.6, 128.2, 122.6 ppm; HRMS (ESI-TOF) m/z calcd for
C18H12CINNaO2[M+Na]*: 332.0449, found 332.0446.

(E)-3-Nitro-4-styryl-1,1’-biphenyl (3aw): colorless solid; mp 116-118 °C;
yield 59% (35.5 mg); *H NMR (500 MHz, CDCls3) § 8.19 (d, J = 1.7 Hz, 1H),
7.88-7.80 (m, 2H), 7.67-7.60 (m, 3H), 7.59-7.55 (m, 2H), 7.50 (t, J = 7.5 Hz,
2H), 7.45-7.37 (m, 3H), 7.36-7.30 (m, 1H), 7.15 (d, J = 16.1 Hz, 1H); *C NMR
(125 MHz, CDCl3) 6 148.7, 141.5, 138.6, 136.9, 134.1, 131.8, 131.6, 129.5,
129.2, 129.0, 128.8, 128.8, 127.4, 127.2, 123.4, 123.3; HRMS (ESI-TOF) m/z
calcd for CooH1sNNaO2 [M+Na]*: 324.0995, found 324.0998.

(E)-4'-Chloro-3-nitro-4-styryl-1,1"-biphenyl (3fw): colorless solid; mp 132-
134 °C; yield 60% (40.2 mg); *H NMR (500 MHz, CDCl3) § 8.15(d, J=1.9
Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.79 (dd, J = 8.3, 2.0 Hz, 1H), 7.62 (d, J =
16.1 Hz, 1H), 7.57 (dd, J = 8.9, 2.4 Hz, 4H), 7.47 (d, J = 8.5 Hz, 2H), 7.40 (t, J
= 7.6 Hz, 2H), 7.36-7.30 (m, 1H), 7.15 (d, J = 16.1 Hz, 1H) ppm; *C NMR
(125 MHz, CDCl3) 6 148.7, 140.2, 137.0, 136.8, 135.1, 134.4, 132.2, 131.4,
129.7, 129.2, 129.1, 129.0, 128.5 (2C), 127.5, 123.2; HRMS (ESI-TOF) m/z
calcd for C20H14CINNaO2 [M+Na]*: 358.0605, found 358.0580.
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(E)-4-(4-Methoxystyryl)-3-nitro-1,1"-biphenyl (3ax): colorless solid; mp
128-130 °C; yield 60% (39.7 mg); *H NMR (500 MHz, CDCl3) § 8.16 (d, J =
2.0 Hz, 1H), 7.82-7.81 (m, 2H), 7.63 (d, J = 9.0 Hz, 2H), 7.51-7.47 (m, 5H),
7.43-7.41 (m, 1H), 7.12 (d, J = 16.0 Hz, 1H), 6.94-6.91 (m, 2H), 3.85 (5, 3H);
13C NMR (125 MHz, CDCl3) § 160.4, 148.6, 141.0, 138.7, 133.8, 132.1, 131.5,
129.7,129.5,128.8, 128.8, 128.5, 127.2, 123.3, 121.0, 114.6, 55.7 ppm; HRMS
(ESI-TOF) m/z calcd for C21H17NNaOs[M+Na]*: 354.1101, found 354.1104.

(E)-4-(2-Chlorostyryl)-3-nitro-1,1'-biphenyl (3az): Colorless solid; mp 152-
154 °C; yield 50% (33.5 mg); *H NMR (500 MHz, CDCl3) § 8.22(d,J=1.8
Hz, 1H), 7.88 (q, J = 8.1 Hz, 2H), 7.75 (d, J = 7.4 Hz, 1H), 7.67 — 7.55 (m, 4H),
7.50 (t, J = 7.6 Hz, 2H), 7.43 (t, J = 8.1 Hz, 2H), 7.37-7.26 (m, 2H) ppm; 13C
NMR (125 MHz, CDCIs) ¢ 148.8, 142.0, 138.5, 135.0, 134.1, 131.8, 131.7,
130.2,130.0,129.8, 129.5, 129.3, 128.9, 127.5, 127.5, 127.3, 126.1, 123.4 ppm;
HRMS (ESI-TOF) m/z calcd for C20H14CINNaO2 [M+Na]*: 358.0605 , found
358.06009.

(E)-4-(4-Bromostyryl)-3-nitro-1,1"-biphenyl (3ay): Colorless solid; mp 126-
128 °C; yield 56% (42.5 mg); *H NMR (500 MHz, CDCls) § 8.20 (s, 1H), 7.83
(s, 2H), 7.64-7.59 (m, 3H), 7.52-7.48 (m, 4H), 7.44-7.41 (m, 3H), 7.07 (d, J =
16.1 Hz, 1H) ppm; *C NMR (125 MHz, CDCls) § 143.6, 136.7, 133.4, 130.7,
127.6, 127.2, 126.6, 126.4, 124.4, 123.9, 123.8, 123.7, 122.1, 119.1, 118.3,
117.8 ppm; HRMS (ESI) m/z calcd for CaoH14"°BrNNaO2 [M+Na]*: 402.0100,
found 402.0128; HRMS (ESI-TOF) m/z calcd for C2oH12'BrNNaO, [M+Na]*:
404.0080, found 404.0102.

2-Phenyl-9H-carbazole (11):* yield 81%; 'H NMR (400 MHz, DMSO-ds) &
11.32 (s, 1H), 8.18 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 6.8
Hz, 2H), 7.72 (s, 1H), 7.52-7.45 (m, 4H), 7.40-7.37 (m, 2H), 7.17 (t, J = 6.8 Hz)
ppm: 3C NMR (100 MHz, DMSO-ds) 5 140.86, 140.78, 138.32, 129.41,
127.53, 127.48, 126.11, 122.66, 122.31, 121.08, 120.73, 119.18, 111.48,
109.35 ppm.

[1,1":4",1""-Terphenyl]-2’-amine (9): yield 74%; *H NMR (400 MHz, CDCls)
8 7.66-7.57 (m, 2H), 7.55-7.40 (m, 6H), 7.36 (t, J = 7.2 Hz, 2H), 7.21 (d, J =
7.8 Hz, 1H), 7.07 (dd, J = 7.8, 1.8 Hz, 1H), 7.01 (d, J = 1.8 Hz, 1H) ppm; 3C
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NMR (100 MHz, CDClz) & 144.12, 141.95, 141.43, 139.55, 131.24, 129.42,
129.21, 129.02, 127.60, 127.58, 127.40, 127.1, 118.0, 114.6 ppm.

Compound 10: *H NMR (500 MHz, CDCls) 5 7.68 (s, 4H), 7.65 (d, J = 6.5 Hz,
4H), 7.49-7.42 (m, 4H), 7.39-7.34 (m, 2H) ppm; *C NMR (125 MHz, CDCls)
5 140.7, 140.1, 128.8, 127.5, 127.3, 127.0 ppm.

Compound 12:'H NMR (400 MHz, CDCls) § 7.63 (d, J = 1.4 Hz, 1H), 7.53 (d,
J=7.3Hz, 2H), 7.47-7.30 (m, 10H) ppm; *C NMR (100 MHz, CDCl3) 5 141.8,
139.4, 139.2, 139.1, 132.9, 131.7, 129.5, 128.9, 128.5, 128.0, 127.9, 127.6,
127.0, 125.5 ppm.

2,6-Diphenyl-1H-indole (13): yield 86%; 'H NMR (500 MHz, DMSO-ds) &
11.64 (s, 1H), 7.89 (d, J = 7.4 Hz, 2H), 7.69 (d, J = 7.3 Hz, 2H), 7.62 (d, J = 8.5
Hz, 2H), 7.49-7.46 (m, 4H), 7.34 (t, J = 7.1 Hz, 3H), 6.95 (d, J = 1.5 Hz, 1H)
ppm; *C NMR (125 MHz, DMSO-ds) & 141.8, 138.9, 138.2, 134.4, 132.5,
129.4,129.3, 128.6, 127.9, 127.1, 127.0, 125.4, 120.9, 119.4, 109.6, 99.1 ppm.

2.7. Copies of 'H and ¥C NMR spectra of some important

compounds described in chapter 2
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Figure 2.2 400 MHz *H NMR spectrum of 3aa in CDCls.
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Figure 2.22 500 MHz *H NMR spectrum of 3am in CDCls.
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Figure 2.24 400 MHz *H NMR spectrum of 3an in CDCls.
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Figure 2.51 100 MHz *C NMR spectrum of 3cs in CDCls.
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Figure 2.52 400 MHz *H NMR spectrum of 3cr in CDCla.
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Figure 2.60 500 MHz *H NMR spectrum of 3aw in CDCls.
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Figure 2.64 500 MHz *H NMR spectrum of 3fw in CDCls.
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Figure 2.66 500 MHz *H NMR spectrum of 3ax in CDCla.
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Figure 2.67 125 MHz 3C NMR spectrum of 3ax in CDCls.
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Chapter 3
Cu(OAcC)2/DABCO-mediated domino reaction of vinyl

malononitriles with cyclic sulfamidate imines: access to

6-hydroxyaryl-2-aminonicotinonitriles

3.1 Introduction

Developing a new synthetic method for pyridine with valuable functionalities is
considered one of the most reputed and extensive studied areas within
heterocyclic chemistry.[*21 These moieties are omnipresent in a large number of
biologically active natural alkaloids, vitamins (Bs and Bs), enzymes, etc.[*]
Considering their great significance, the synthesis of pyridines with important
functionalities continues to be a thriving research field in organic and medicinal
chemistry.}1%1 Among various pyridine derivatives, access to 2-amino-3-
cyanopyridines stand out as a lucrative target for chemists due to their diverse
biological activities (Fig. 3. 1)+ such as an antifungal,[*! protein (IKK-p)

inhibitory  activity,*2l potent inhibitor of HIV-1 integrase,[**l anti-

9

cardiovascular,[**l Axaadenosine receptor antagonists,!* etc.
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Figure 3.1 A few examples of biologically active 2-aminonicotinonitriles.
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3.2 Review work

On account of their comprehensive applications, enormous attempts have been
practiced over the decades towards synthesizing 2-amino-3-cyanopyridines,
including several effective techniques such as condensation reactions,
multicomponent reactions, etc.[*5171Some of the relevant literature reports have

been discussed in the next section.

In 1980, Kambe et al. developed a metal-free four-component reaction between
enolizable ketones, arylaldehydes, malononitrile, and ammonium acetate as an
N-source in refluxing benzene to give a series of 2-Amino-4-aryl-3-
cyanopyridines.[® This methodology offers moderate yields of the mentioned
derivatives (44-68% yields) in (Scheme 3.1).

X
o CHO | —R2
NH4OAc (2.0 equiv.) =
J\/R1 o benzene
+ R + CH,(CN 1
R ' P~ 2(CN); reflux, 4 h R | X CN
—
R N NH,
Selected examples 20 examples
44-68% yields
Me OMe
Ph Ph
CN
N CN | N N CN |\ CN
| = i~ | 7 7
Me N NH, Ph N NH, Me °N NH, Me N NH,
68% 49% 65% 44%

Scheme 3.1. Metal-free synthesis of 2-amino-4-aryl-3-cyanopyridines.

Wang et al. accomplished a one-pot four-component reaction aldehydes,
ketones, malononitrile, and ammonium acetate catalyzed by ytterbium
perfluorooctanoate [Yb(PFO)3] to produce a family of 2-amino-3-
cyanopyridine derivatives in good to high yields (60-95%) in (Scheme 3.2).[*°]
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NH4OAc (1.5 equiv.) 2
Yb(PFO)3 (2.5 mol%) X

EtOH, reflux, 4 h | pZ
R" °N” "NH,

17 examples
60-95% yields

(0]
RCHO + R1JJ\/R2+ CH3(CN),

Selected examples

Cl OMe
®
Ph
CN N
| AN CN N CN | AN | X C
_ | -
Ph N

=
NH, PR N7 “NH, Ph™ "N” "NH, O N~ NH,
90% 88% 87%  MeO 79%

Scheme 3.2. Yb(PFO)s-catalyzed one-pot synthesis of 2-amino-3-

cyanopyridines.

Based on the proposed mechanism (Scheme 3.3) reported by the authors, the
reaction may occur via Yb(II)-catalyzed Michael reaction between an in situ
generated enamine 3 from Kketone and ammonium acetate and
alkylidenemalononitrile 2 (obtained from the condensation of aldehyde with
malononitrile) to form intermediate 4, which undergoes sequence of
cyclization, isomerization, and aromatization process to produce the final

pyridine.¥]

Yb3!..
JCJ)\/RZ NH,OAc id v N0 e
B . 2 =
R’ -H,0 R1JJ\/R %
Yb3* i R
| Xz
RO+ Ne7eN NC” CN
-H,O 3
1 N b3 1 H =Y H NH 2 i
R NH/ RN NH 202(air)R N CN
) (L e
R2H CN R? CN R2H R CN RN NH,
R 4 Rs 6

Scheme 3.3. A possible mechanism for the formation of 2-amino-3-

cyanopyridines catalyzed by Yb(PFO)s.
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In 2014, Cui and co-workers demonstrated a divergent synthesis of 2-amino
nicotinonitriles via copper-catalyzed three-component reaction between oxime
esters malononitrile and arylaldehydes in the presence of piperidine base at 60
°C. The cyclization reaction proceeds through a conversion of pivaloyl oxime
esters to copper enamides in the presence of copper(l), which can undergo
Michael addition to in situ generated 2-benzylidenemalonitriles, followed by
intramolecular cyclization to give 2-amino nicotinonitriles in good to high
yields (Scheme 3.4).1201

RZ
_OPiv Cyl (?Q.O mol%) NG R
)NI\/ piperidine (20.0 mol%) | X
R' ¥ R2%cHO* NC_CN "5ce 60 68 h -
R ' ’ HN™ "N” 'R
25 examples
Selected examples 43-79% yields
CF,
o
7 Ph
NC N NC X NC N
H,N” N7 “Ph H,N” N7 “Ph H,N" N \
N\
62% 62% 68% Me

Scheme 3.4. Copper-catalyzed  three-component route to  2-

aminonicotinonitriles.

Shang et al. also revealed an efficient MCR technique for synthesizing highly
substituted 2-aminopyridine derivatives in moderate to good yields. This four-
component reaction involves the use of FeCls catalysis to facilitate the reaction
between arylaldehdes, 2-arylacetonitriles, ethyl acetoacetate and anilines via a
sequence of nucleophilic addition/intermolecular cyclization process as shown
in (Scheme 3.5).[2%

CHO NH,
(0] (0] M -
A 2 X, FeCls (5.0 mol%) Me
11 + NC R+ + 3l — A
R ~ MeMO/\Me R © EtOH, 70 °C, 6 h
H
30 examples
Selected examples 38-86% yields
O Ph O OMe (0] Ph
CN CN CN Me
asrelEasrallaseue;
. _Ph A _pn P
Me N N Me N N Me N H
75% M 60% M 78%
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Scheme 3.5. FeCl3-catalyzed four-component reaction for the formation of poly

substituted pyridines.

Ponticello et al. reported a convenient, metal-free one-pot sequential method for
the preparation of 2-bromonicotonitriles in poor to moderate yields (15-42%)
via a condensation of alkylidenemalononitriles with DMF acetal, followed by
the cyclization of resulting o,B-unsaturated aldehydes with a mixture of
HBr/AcOH at 55 °C (Scheme 3.6).1%1

R

Ne | CN (i) DMF acetal, rt, 24 h R1_ACN
R' (i) HBr-AcOH, 55 °C, 1 h o
R
N Br
13 examples
Selected examples 15-58% yields
Ph Ph
| X CN Me AN CN N CN N CN
N~ Br N~ "Br N~ "Br N~ "Br
22% 42% 15% 15%

Scheme 3.6. One-pot two-step sequential access to 2-bromonicotinonitriles.

A metal-solvent-free sequential one-pot for accessing to 4-substituted-3-cyano-
2-aminopyridines using enaminonitriles and various primary amines under
microwave irradiation was established by Lohier et al. This simple technique
bestows high yields of substituted pyridines (50-84%) (Scheme 3.7).[2°]
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X
MeO Me | R
NC CN . ,
| (i) >7N\ (1.0 equiv.) =
MeO Me CN
R N Me solvent-free, rt, 2 h | B
|
= (i) R"NH,(1.0 equiv.) N
MW, solvent-free, 3 h H
15 examples
Selected examples 50-84% yields
Ph
= M
NT N H N
70% 75% 76% 82%

Scheme 3.7. Synthesis of 4-substituted-3-cyano-2-aminopyridines.

Soon after, Yu et al. also disclosed a powerful strategy for the synthesis of fully
substituted 2-aminonicotinonitriles involving vinyl malononitriles and a-keto
vinyl azides using NaOMe at 120 °C. This cyclization process proceeds
smoothly via a base-mediated ring-opening, followed by intramolecular
rearrangement to afford 2-aminonicotinonitriles in good to high yields (74-
85%) (Scheme 3.8).[24]

R2 CN

\)J\ CN MeONa (0.5 equiv.) | o
I DCE, 120°C,3-8h O R N7 NH,

25 examples

Selected examples B 74-85% yields
r

Cl

Scheme 3.8. Synthesis of 2-aminonicotinonitriles from vinyl azides and a,0-

dicyanoalkenes.
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Shimazaki et al. illustrated an appealing two-step synthetic reaction involving
Wang-resin protected hydoxyacetophenones, aldehydes, malononitrile, and
ammonium acetate, followed by the removal of resin in TFA medium. This
process gives 3-cyano-6-(2-hydroxyphenyl)pyridines in quantitative yields
(Scheme 3.9).1%°

R2
® o o CN
(i) NH,OAc (6.0 equiv.) |
-di ° =
Me + R2CHO . NC._CN 114 dioxane, 80 °C, 8 h N NH,
(i) TFA, DCM, rt, 1 h
OH
Selected examples
NO,
Me
Ph Ph Me
CN CN CN CN
OH | X OH | N OH | N
~ ~
N NH, NH, N/ NH, N NH,

Scheme 3.9. Synthesis of 3-cyano-6-(2-hydroxyphenyl)pyridines by multi-

component condensations.

3.2.1 Conclusion

A literature survey hints that a vast number of synthetic methods have been
developed to construct functionalized pyridines due to their diverse applications
in different fields. However, the practical access to 2-aminonicotinonitriles
derivatives with value-added 6-hydroxyarylated moieties, an area that has been
highly overlooked, presents a unique opportunity for discovery and innovation.
These derivatives, with their promising applications in medicinal chemistry, are
underexplored and have a great potential for new drug discoveries. Moreover,
the preparation of functionalized 6-hydroxyarylated 2-aminonicotinonitriles
still requires multistep operations. Therefore, there is a great interest in
developing an experimentally simple, convenient, one-pot method that would
produce a series of functionalized 6-hydroxyarylated 2-aminonicotinonitriles

from simple reactants.
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Figure 3.2. Representative structure of functionalized 6-hydroxyarylated 2-

aminonicotinonitriles.
3.3 Present work

Pyridines are historically recognized aza-heterocyclic molecules that have
valuable applications in various domains, including organic, medicinal, and
materials chemistry, as described earlier. Therefore, developing new synthetic
processes for accessing pyridines with valuable functionalities, such as
hydoxyaryl and CN groups at the appropriate positions on the pyridine ring,
continues to be a challenging target for chemists. In this context, we are pleased
to report a one-pot method that utilizes cyclic sulfamidate imines as 1C1N
sources and different kinds of acyclic/cyclic vinyl malononitriles as sources of
4C to deliver pyridine derivatives via a vinylogous Mannich-cycloaromatization

sequence process under mild conditions.

03420
0" "N NC.a CN Organobase o CN
i Cu-salt (cat), rt v
Q Y * y P Vinylogous N SN NH,
= Mannich Q-

C-N bond Z > 0OH

Scheme 3.10. One-pot access to 6-hydroxyaryl-2-aminonicotinonitriles.

3.4 Results and discussion

3.4.1 Optimization of the reaction conditions

The optimization reaction was commenced by selecting cyclic sulfamidate
imine (1.0 equiv., 1a), 2-(1 phenylethylidene)malononitrile (1.1 equiv., 2a), and
1.5 equiv. of DABCO (1,4-diazobicyclo[2.2.2]octane) at room temperature in
MeCN. Unfortunately, after 4 h, this reaction produced a trace amount of

targeted product 3aa (7% yield) along with an unwanted a,f,y,5-unsaturated
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malononitrile 4 in 71% yield (entry 1, Table 3.1). Using EtsN (10% and 61%
yields of 3aa and 4, respectively) led to a similar result (entry 2). At this point,
we surmised that a Lewis acid might activate the nitrile group through
coordination, which helps the cyclization process, resulting in enhancement of
yield of 3aa. For this purpose, Cu(OAc)2 (10 mol%) was employed in the above
reaction. Satisfactorily, 3aa was isolated in a 74% yield (entry 3). The chemical
structure of 3aa was assigned by its spectroscopic data (*H NMR, 3C NMR,
HRMS, and SC-XRD data). In the *H NMR spectrum of 3aa, the presence of a
singlet at 13.40 ppm, corresponds to the phenolic O-H group and 12 aromatic
protons in the range of 6.78-8.07 ppm. In addition, the *3C NMR spectrum of
3aa shows a total of 16 peaks at 160.1, 159.5, 159.4, 155.8, 137.2, 132.9, 130.2,
129.2,128.8,128.7,119.3, 118.7, 118.5, 117.0, 108.6, 86.6 ppm. The molecular
ion peak [M+Na]* at 310.0951 in the HRMS spectrum corresponds to the

molecular weight 287.1059 of the desired compound 3aa.

Next, we scrutinized several Cu salts (Cu(OTf)., CuBrz, Cul, and CuCl) and
other metal salts (Zn(OTf )2, Gd(OTf)3, Nd(OTf)3, In(OTf)3, FeClz and ZnCl>)
to act as catalysts for this transformation. Among the various additives (entries
4-13), only Cu(OTf). produces 3aa with a promising yield of 76% (entry 4).

However, Cu(OAc). was chosen as the best additive due to its affordability.

Table 3.1 Optimization of the reaction conditions.?

Oss70 L CN NC.__CN

"N N _coN 3 é/ﬁﬁ: é/\l
. I conditions N/ NH, N Ph

Me” “Ph

1a 2a 3aa 4

Entry | Base Catalyst Solvent T/h | Yield® Yield®
(1.5 (10 mol%o) 3aa 4
equiv.)

1 DABCO - MeCN 4 7 71

2 EtsN - MeCN 6 10 61

3 DABCO | Cu(OAC)2H:0 | MeCN 3 74 5

4 DABCO | Cu(OTf), MeCN 3 |76 5

5 DABCO CuBr, MeCN 3 55 21

6 DABCO Cul MeCN 3 37 36
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7 DABCO | CuCl MeCN 3 [39 27
8 DABCO | Zn(OTf), MeCN 3 |19 57
9 DABCO | Gd(OTf)s MeCN 3 |16 52
10 DABCO | Nd(OTf)s MeCN 3 |18 56
11 DABCO | In(OTf)s MeCN 3 |13 65
12 DABCO | FeCls MeCN 3 |10 23
13 DABCO | znCl, MeCN 3 |15 41
14 DBU Cu(OAC)2H,0 | MeCN 3 |5 65
15 EtsN Cu(OAc);H,O0 | MeCN 3 |65 7
16 DMAP Cu(OAC)2H,0 | MeCN 3 |63 10
17 DIPEA | Cu(OAc)zH,0 | MeCN 3 |54 18
18 Cs:COs | Cu(OAC)2H,0 | MeCN 3 |5 27
19 DABCO | Cu(OAC)H,O | toluene |3 |70 7
20 DABCO | Cu(OAc)H,0 | CHCl, |3 |66 4
21 DABCO | Cu(OAc)H,0 | DMF 3 |59 6
22 DABCO | Cu(OAC)H.0 | 2-MeTHF |3 |57 8
23 DABCO | Cu(OAc).H,0 | EtOH 6 |42 9
24 DABCO | Cu(OAc)H.O | PEG-400 |6 |13 3
2504 |- Cu(OAC)2H.0 | MeCN 12 | ND

4Unless otherwise noted, all the reactions were conducted using 1a (0.2 mmol),
2a (0.22 mmol), base (0.3 mmol, 1.5 equiv.), and additive (0.02 mmol) in a dry
solvent (1.5 mL) at room temperature at the mentioned time. Isolated yield after
column chromatography. °ND indicates not detected. 9Reaction did not happen

at room temperature and under refluxing conditions.

Moreover, several bases (DBU, EtsN, DMAP, DIPEA, and Cs,CQOg, entries 14-
18) with 10 mol% Cu(OAc). as combined systems were tested in an MeCN
solvent. Results show that the DABCO/Cu(OAc)2 system provided a better
yield (74% vs. 5-65%) of 3aa than the other ones. Notably, strong bases like
DBU (entry 14) and Cs2COs (entry 18) led to inferior outcomes. Switching from
the MeCN solvent to other solvents like toluene, DCM, DMF, 2-MeTHF, EtOH,
and PEG-400 resulted in inferior to good yields (5-70%, entries 19-24) of 3aa.
It should be noted that in the absence of DABCO, Cu(OAc). was unable to
promote this domino reaction at room temperature as well as under refluxing

conditions (entry 25).
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3.4.2 Plausible mechanism

Based on the above experimental results and literature precedents,? we present
a logical mechanism for this domino reaction as shown in Scheme 3.11. First,
the base abstracts a methyl proton from 2a to form a carbanion intermediate 2a’.
Then, the latter reacts with cyclic sulfamidate imine 1a via Mannich reaction,
giving anionic intermediate 5. Afterwards, Cu(OAc). may coordinate with the
two cyano groups of 5 to make a more reactive species 7 which is subsequently
cyclized (Pinner type) via a C—N bond formation as shown in path B, resulting
in tricyclic imine intermediate 8. Finally, it tautomerizes to form
dihydropyridine intermediate 9, which is subjected to the elimination of SO>
under the influence of a base to make pyridine derivative 3aa. On the other
hand, in the absence of a copper salt, the intermediate 5 may transform into
another carbanion intermediate 6 via intramolecular proton transformation
which in turn eliminates N-sulfonyl amine (SO2=NH), producing a,B,y,6-

unsaturated malononitrile 4 as shown in path A. (Scheme 3. 11)

NC._CN oN

I base B I I\D O Mannich NC ‘(®N S o pathA path A NC HN (LO
e e
ellmlnatlon
u(OAc) path B NH= so2

ACO OAc @/N\CICN
2
pinner type H \ 9 S
ellmlnahon NuOtautomenzatlon o cycllzatlon
SO;
bond Ph

Scheme 3.11. A plausible mechanism for this domino reaction.
3.4.3 Substrate scope

With the optimal reaction parameters in hand, we studied the generality and
scope of this protocol using a set of cyclic sulfamidate imines and various vinyl
malononitriles snthesized from acyclic ketones as 4C units for the pyridine
synthesis promoted by DABCO/Cu(OAc). as a combined system at room
temperature. It was evident from Table 3.2 that several 2-(1

arylethylidene)malononitriles (2b—2I) bearing electron-donating (Me, MeO and
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OCH20) and electron-withdrawing substituents (Cl, Br, F and NO2) on the aryl
rings at ortho, meta and para positions cyclized nicely with 1a. They delivered
the corresponding biologically active 2-aminonicotinonitrile derivatives 3ab-
3al; a few of them (3ab, 3ac, 3ai, 3aj, 3ah and 3al) showed good anti-
inflammatory activity.?” Notably, the electron-donating groups gave slightly
more favorable yields than the electron-withdrawing ones (76-77% vs. 69-
73%). Interestingly, the a,a-dicyanoolefins with heteroaryl rings (2n and 20) at
the B-positions showed good reactivities towards the vinylogous Mannich-
cycloaromatization reaction with l1a, leading to 4-heteroaryl-substituted
pyridines 3an and 3ao in 80% and 81% yields, respectively. Moreover, a bulky
naphthyl moiety attached to vinyl malononitrile produced 3am in a 73% yield.
Pleasantly, when the vinyl malononitriles derived from aliphatic ketones (2p
and 2q) were employed as 4C precursors, they produced tetra- and fully-
substituted pyridines 3ap and 3aq in high yields (82-84%). Next, this method
is not only applicable for -methyl vinyl malononitriles but also equally valid
for B-ethyl/ butyl groups. For instance, the substrates 2r and 2s ran smoothly
with 1a in a spotless manner to give fully substituted 3ar and 3as in 86% and
81% vyields, respectively, after 7h. To our pleasure, a number of electron-
donating (Me and MeO) and electron-poor halogen atoms (Cl and Br) on the
aryl parts of the cyclic sulfamidate imines also led to the corresponding
hydroxyarylated pyridines (3ba-3cr) in 62-78% yields. It should be pointed that
generally, cyclic imines possessing electron withdrawing halogen atoms (1e, 1f
and 1h) irrespective of their positions gave slightly lower yields of the targeted
pyridines (3ea, 3fa, and 3ha; 62-67% yields) than the electron donating ones
(3ba, 3da and 3ga, 70-73% yields). Importantly, B-naphthol-substituted
pyridine 3ia could be synthesized with 61% yield when a cyclic imine 1i reacted
with 2a. The developed conditions are sufficiently mild, allowing for diverse
functionalities: Me, Et, propyl, MeO, OCH20, F, ClI, Br, NO2, NH,, CN, OH,

furan, thiophene, cyclopropane, etc.
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Ox..0
o N NG, o CU(OAC)H;0 (10.0 mol%)
7 | DABCO (1.5 equiv.), MeCN
. 3-7h.1t
R
Y
X 2a: R=Ph,R"=H;2I: R=3-NO,CgH,4, R'=H
la:X=Y=Z=H 2b: R=4-MeCgHy4, R'=H;2m: R=1-napthyl, R'=H
1b: X=Me, Y=Z=H 2¢: R=4-OMeCgHy4, R'=H;2n: R=2-furyl, R'=H
1e:X=H,Y=0Me,Z=H 2d: R=3 4-methylendioxyCgHg, R'=H;20: R=thiophenyl, R'=H
1d: X=0OMe,Y=Z=H y
fes x = O 3*_ son 2e: R=2-FCgH,, R'=H;2p: R=C3Hs, R'=H
. - 4 e . R= 1y - R= 1—
1 X =Br.Y=7=H 2f: R=3-FCgH,, R'=H;2q: R=Et, R'=Me
19:X=Y=H,Z=0OMe  29: R=4-FCgH,, R'=H;2r: R=Ph, R'=Me
1h:X=Cl,Y=H,Z=Cl  2h: R=3-CICgH4, R'=H;2s: R=Ph, R'=Bu

1i: napthyl core 2i: R=4-CICgH,, R'=H

2j: R=4-BrCgHg4, R'=H
Ph
CN
OH ‘\
~
N~ “NH,
3aa: 74%

2k: R=2-NO,CgHy4, R'=H

3ab: Y = Me; 77%
3ac: Y = OMe; 77%
3ai: Y = Cl; 70%
CN 3aj: Y =Br; 73%
3ag: Y =F; 70%

NH,

OH

NH,

3ad: 76% 3ae: Y =F; 69%
3ak: Y = NO,; 69%

Y
CN CN oH N CN CN
\
~
NH, NH, N~ "NH, NH;
3af: Y=F;71% 3an: X =0; 80% 3ap: 84% 3aq: 82%
3ah: Y =Cl; 72% 3a0: X = 8; 81%
3al: Y = NOy; 72%
Ph Ph ph
CN CN 3ba: X =Me; 72% X CN
oN OH [T 3da: X = OMe; 70% OH
= 3ea: X = CI; 65% Me NZ NH
NH, NH, N™ "NH2 3t0: X = Br; 67% 2
3ar: 86% 3as: 81% 3ga: 73%
X
Ph Ph Ph Ph
oH XN CN CN CN
Cl ‘ Pz
N NH NH, NH, NH;
3ha: 62% 3br: X = Me; 77% MeO 3cr: 62% 3ia: 62%
& 3dr: X = OMe; 75% "¢
X

3er: X =Cl; 76%
3fr: X = Br; 73%

Table 3.2 One-pot synthesis of 6-(2-hydroxyaryl)-2-amino-3-cyanopyridines

(3aa-3ia).

After successfully employing acyclic vinyl malononitriles as 4C sources for

accessing to tetra- and fully-substituted pyridines, we then focused on sterically

demanding cyclic a, a-dicyanoolefins as challenging carbonucleophiles in this

domino reaction. We examined a bunch of a, a-dicyanoolefins (2t-2w) derived

from several cyclic ketones such as cyclohexanone, cycloheptanone, o-
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indanone and o-tetralone. These compounds were subjected to annulation with
a family of cyclic sulfamidate imines (1a, 1d-1f) under the present system,
which led to the corresponding bi- and tri-carbocyclic-fused nicotinonitriles
(3at-3ft) in good to high yields (74-85%, Table 3.3). Furthermore, six-
membered heterocycle-substituted a,a-dicyanoolefins 2x and 2y underwent
neat and clean cyclization with 1a, giving the corresponding pyranyl and
chromanyl-fused pyridines 3ax and 3ay in 77% and 79% vyields,
respectively. We were pleased to find that this domino approach also yielded
an enantiomerically pure steroidal-A-ring-fused nicotinonitrile as a single
isomer (3az) in 71% yield when a,a-dicyanoalkene derived from 5a-cholestan-
3-one was employed as a carbonucleophile. Notably, all the prepared fused
pyridines are challenging to access by the established methods (Table 3.3)

0.0
o 3N NC_-CN  Gu(0AC),.H,0 (10.0 mol%)
| m DABCO (1.5 equiv), MeCN
10 ‘TN 7-10 h, 1t
X N )
= s
1 2 3at-3ft
NC.__CN NC

‘ 2t: Y = CHp, n=1 ‘ 2v:Y = CHy, n=0
2u: Y = CHyp, n=2 2w: Y = CHy, n=1
v )n 2X:Y =0, n=1 v )n 2y:Y=0,n=1

CN
OH ‘\
—
N NH,
3at: 85% : :

3au: 78%

1 CN T -
CN
\ e
oH N~ NH,
—
N” “NH, NH,
. Z 3dt: Z=OMe; 83% N
3ax: 77% 3ay: 79% 3et: Z = CI: 74% ° 3az: 71%

3ft: Z=Br; 77%

Table 3.3 One-pot synthesis of carbo- and heterocyclic fused nicotinonitriles
(3at-3ft).

To further highlight the synthetic practicability of the current protocol, we
scaled up the Cu(ll)-catalyzed and DABCO-mediated domino reactions of the
cyclic sulfamidate imine 1a (1.09 g, 6 mmol) with 2a (1.1 g, 6.6 mmol) in dry
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MeCN (10 mL) at room temperature using DABCO (9.0 mmol, 1.0 g) and
Cu(OAC)2-H20 (0.6 mmol, 119.8 mg) for 5h. The desired product 3aa could be
isolated in 69% vyield (1.19 g) without a loss of productivity (Scheme 3.12)

o o Ph
o 3N Cu(OAc);.H,0 (0.6 mmol%) o CN
DABCO (9 0 mmol) |
~
@) MeCN (10.0 mL), rt, 5 h N NH.
1a (6.0 mmol) 2a (6.6 mmol) 3aa: 69% (1.19 g)

Scheme 3.12. Gram-scale synthesis.

To show the versatility of the synthesized pyridines, compound 3al was
efficiently transmuted into 4-(3-aminophenyl)-2-aminonicotinonitrile 10 in
82% yield. This conversion involves the reduction of the nitro group of 3al
using 8.0 equiv. of Fe-powder, NH4ClI (in excess) in EtOH: H20 (1:1) at 100 °C
for 18 h. This skeleton exhibited promising selective IKK-f serine-threonine
protein kinase inhibitor activity (ICsp = 20 uM). Additionally, the phenolic OH
group of 3al was protected using TBSCI, imidazole, and triethylamine in DMF
to provide an 88% yield of OTBS protected nicotinonitrile 11 (shown in
Scheme 3.13), which is a well-known starting material for synthesizing the

highly potent selective IKK-B kinase inhibitor 12 with 1Cso value 1.5 pM.[*2]

NO,

Fe, NH,CI
CN EtOH:H,0
reflux, 188 h OH
-

TBSCI, imidazole

EGLN.DMF, 1t 7h oTBS N~ CN K1oWt  OH
_—

ref. 12

NH,
11: 88% yield
IC5p = 20 pM(IKK-B) Selective IKK-B serine-threonine
protein kinase inhibitor

1C50 = 1.5 uM (IKK-B)

Scheme 3.13. Important synthetic application of a 2-aminonicotinitrile

derivative.
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3.5. Conclusion

This chapter established a mild, convenient, and efficient domino method for
synthesizing a diverse set of pharmacologically exciting hydroxyarylated 2-
aminonicotinonitriles and their fused analogs with good to high yields. The
above vinylogous Mannich-cycloaromatization process involves an array of
cyclic sulfamidate imines and various acyclic/cyclic vinyl malononitiles as
carbon pronucleophiles promoted by DABCO/Cu(OACc); as a robust system.
Moreover, this domino process has several advantages, such as broad substrate
scope, excellent functional group tolerance, the creation of two new C—N bonds,
and applying a gram-scale synthesis, which highlights the protocol’s
practicability. Significantly, our method modified the prepared building block
towards highly selective IKK-f serine-threonine protein kinase inhibitors.

3.6. Experimental Section

Preparation of starting materials: The vinyl malononitriles (2a-z)[?%*° and
cyclic sulfamidate imines (1a-i)*2% were prepared according to the literature
procedures. The products were characterized by *H NMR and *C NMR
spectroscopic data. All chemicals were purchased from commercial suppliers
and used without further purification unless otherwise stated.

Representative procedure for the synthesis of (3aa-3ft): To a stirred solution
of compounds 1 (0.2 mmol), 2 (0.22 mmol) and Cu(OAc)2.H20 (10 mol%) in
dry MeCN (1.5 mL) was added DABCO (0.3 mmol) slowly at room temperature
for 3 h. Upon completion of the reaction (monitored by TLC), the reaction
mixture was extracted with ethyl acetate (3 x 10 mL), washed with brine and
dried over Na,SO4. The combined organic phases were concentrated under
reduced pressure to leave the crude residue. Finally, the product 3aa-3ft was
isolated in a pure form through column chromatography over silica gel using a
mixture of EtOAc/hexane (10:90, v/v) as the eluent. The product was fully
characterized by its spectroscopic data (*H NMR, 3C NMR, and HRMS).
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Characterization data:

2-Amino-6-(2-hydroxyphenyl)-4-phenylnicotinonitrile(3aa): Yellow colour
solid; mp 238-240 °C; yield 74% (42.5 mg); *H NMR (400 MHz, DMSO-dg) &
13.40 (s, 1H), 8.07 (d, J = 7.7 Hz, 1H), 7.69 (d, J = 3.3 Hz, 2H), 7.57 (s, 3H),
7.49 (s, 2H), 7.41 (s, 1H), 7.35 (t, J = 7.4 Hz, 1H), 6.93-6.78 (m, 2H) ppm; 13C
NMR (100 MHz, DMSO-ds) 6 160.1, 159.5, 159.4, 155.8, 137.2, 132.9, 130.2,
129.2,128.8, 128.7, 119.3, 118.7, 118.5, 117.0, 108.6, 86.6 ppm; HRMS (ESI-
TOF) m/z calcd for C1gH13N3sNaO[M+Na]* : 310.0951, found 310.0950.

2-Amino-6-(2-hydroxyphenyl)-4-(4-methylphenyl)nicotinonitrile(3ab):
Yellow colour solid; mp 228-230 °C; yield 77% (46.3 mg); *H NMR (500 MHz,
DMSO-ds) 6 13.42 (s, 1H), 8.06 (d, J = 7.9 Hz, 1H), 7.60 (d, J = 7.9 Hz, 2H),
7.46 (s, 2H), 7.41-7.32 (m, 4H), 6.92-6.87 (m, 2H), 2.41 (s, 3H) ppm; *C NMR
(125 MHz, DMSO-ds) 6 160.1, 159.4, 159.4, 155.7, 140.0, 134.3, 132.8, 129.7,
128.8, 128.7, 119.3, 118.7, 118.5, 117.1, 108.4, 86.5, 21.3 ppm; HRMS (ESI-
TOF) m/z calcd for C19H1sN3sNaO[M+Na]*: 324.1107, found 324.1128.

2-Amino-6-(2-hydroxyphenyl)-4-(4-methoxyphenyl)nicotinonitrile(3ac):
Yellow colour solid; mp 240-242 °C; yield 77% (48.8 mg); *H NMR (500 MHz,
DMSO-ds) 6 13.46 (s, 1H), 8.07 (dd, J = 8.0, 1.0 Hz, 1H), 7.68 (d, J = 8.7 Hz,
2H), 7.44 (s, 2H), 7.38 (s, 1H), 7.36-7.32 (m, 1H), 7.12 (d, J = 8.8 Hz, 2H),
6.92-6.87 (m, 2H), 3.85 (s, 3H) ppm; C NMR (125 MHz, DMSO-ds) & 161.0,
160.1, 159.5, 159.3, 155.3, 132.8, 130.4, 129.3, 128.6, 119.3, 118.7, 118.5,
117.3, 114.6, 108.3, 86.3, 55.8 ppm; HRMS (ESI-TOF) m/z calcd for
C19H16N302[M+H]*: 318.1237, found 318.1239.

2-Amino-4-(benzo[d][1,3]dioxol-5-yl)-6-(2-
hydroxyphenyl)nicotinonitrile(3ad): Yellow colour solid; mp 260-262 °C;
yield 76% ( 50.3 mg); *H NMR (400 MHz, DMSO-ds) & 13.42 (s, 1H), 8.07 (d,
J=7.9Hz, 1H), 7.44 (s, 2H), 7.41-7.26 (m, 3H), 7.22 (d, J = 8.0 Hz, 1H), 7.10
(d, J = 8.1 Hz, 1H), 6.92-6.87 (m, 2H), 6.14 (s, 2H) ppm; *C NMR (100 MHz,
DMSO-ds) & 160.1, 159.4, 159.3, 155.2, 149.1, 148.0, 132.8, 130.9, 128.7,
123.2,119.3,118.7,118.5117.1, 109.3, 108.9, 108.5, 102.1, 86.47 ppm; HRMS
(ESI-TOF) m/z calcd for C19H13N3NaO3 [M+Na]*: 354.0849, found 354.0852.
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2-Amino-4-(2-fluorophenyl)-6-(2-hydroxyphenyl)nicotinonitrile(3ae):
Yellow colour solid; mp 226-228 °C; yield 69% (42.1mg); *H NMR (500 MHz,
DMSO-de) & 13.25 (s, 1H), 7.96 (d, J = 7.9 Hz, 1H), 7.55-7.51 (m, 2H), 7.49 (s,
2H), 7.40-7.31 (m, 3H), 7.28 (t, J = 7.6 Hz, 1H), 6.86 (d, J = 8.2 Hz, 1H), 6.82
(t, J = 7.5 Hz, 1H) ppm; C NMR (100 MHz, DMSO-ds) 160.0, 159.7, 159.0
(d, Jc.r=245.83 Hz) 158.9, 150.5, 133.0, 132.4 (d, Jc-r = 8.3 Hz), 131.4, 128.7,
125.3 (d, Jc-F = 3.0 Hz), 125.2, 125.0, 119.4, 118.6, 116.5 (d, Jc-F = 21.6 Hz),
116.3, 109.5, 88.1 ppm; HRMS (ESI-TOF) m/z calcd for C1gH13FN3O [M+H]*:
306.1037, found 306.1042.

2-Amino-4-(3-fluorophenyl)-6-(2-hydroxyphenyl)nicotinonitrile(3af):
Yellow colour solid; mp 190-192 °C; yield 71% (43.3 mg); *H NMR (500 MHz,
DMSO-ds) 5 13.34 (s, 1H), 8.10-8.04 (m, 1H), 7.64-7.48 (m, 5H), 7.43 (s, 1H),
7.41-7.37 (m, 1H), 7.36-7.31 (m, 1H), 6.91-6.86 (m, 2H) ppm; *C NMR (125
MHz, DMSO-de) 6 162.3 (d, Jc-F = 242.9 Hz), 160.1, 159.7, 159.4, 154.3, 139.5
(d, Jc-F = 8.05 Hz), 133.0, 131.30 (d, Jc-r = 8.4 Hz), 128.8, 125.1 (d, Jc-F = 2.6
Hz), 119.4, 118.6 (d, Jcr = 6.5 Hz), 117.1, 116.9, 116.8, 115.9 (d, Jc.r = 22.7
Hz), 108.6, 86.5; °F NMR (471 MHz, DMSO-ds) & -112.40 (s) ppm; HRMS
(ESI-TOF) m/z calcd for C1gH13FN3O [M+H]*: 306.1037, found 306.1049.

2-Amino-4-(4-fluorophenyl)-6-(2-hydroxyphenyl)nicotinonitrile(3ag):
Yellow colour solid; mp 242-244 °C; yield 70% (42.7 mg); *H NMR (500 MHz,
DMSO-ds) 6 13.37 (s, 1H), 8.07 (d, J = 8.0 Hz, 1H), 7.77-7.52 (m, 2H), 7.49 (s,
2H), 7.42 (t, J = 8.6 Hz, 3H), 7.35 (t, J = 7.7 Hz, 1H), 6.93-6.88 (m, 2H) ppm;
F NMR (471 MHz, DMSO-ds) & -111.50 (s) ppm; *C NMR (125 MHz,
DMSO-ds) 6 163.5 (d, Jc-F = 245.6 Hz), 160.1, 159.6, 159.4, 154.7, 133.7 (d,
Jor = 2.7 Hz), 132.9, 131.3 (d, Jc.r = 8.6 Hz), 128.8, 119.4, 118.6 (d, Jc-F =
10.2 Hz), 116.9, 116.3, 116.1, 108.6, 86.6 ppm; HRMS (ESI-TOF) m/z calcd
for C1sH12FKN3O [M+K]": 344.0596, found 344.0590.

2-Amino-4-(3-chlorophenyl)-6-(2-hydroxyphenyl)nicotinonitrile(3ah):

Yellow colour solid; mp 256-258 °C; yield 72% (46.3 mg); *H NMR (500 MHz,
DMSO-ds) 6 13.29 (s, 1H), 8.03 (d, J = 7.4 Hz, 1H), 7.70 (s, 1H), 7.59- 7.51 (m,
3H), 7.47 (s, 2H), 7.38 (s, 1H), 7.32-7.24 (m, 1H), 6.85-6.80 (m, 2H) ppm; 13C
NMR (100 MHz, DMSO-ds) 6 160.1, 159.7, 159.3, 154.1, 139.2, 133.8, 133.0,
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131.0, 130.0, 128.8, 128.7, 127.70, 119.3, 118.6, 118.5, 116.7, 108.7, 86.56
ppm; HRMS (ESI-TOF) m/z calcd for C18H13CIN3O [M+H]*: 322.0742, found
322.0750.

2-Amino-4-(4-chlorophenyl)-6-(2-hydroxyphenyl)nicotinonitrile(3ai):
Yellow colour solid; mp 300-302 °C; yield 70% (45.0 mg); *H NMR (500 MHz,
DMSO-ds) 6 13.36 (s, 1H), 8.07 (d, J = 7.9 Hz, 1H), 7.73 (d, J = 8.4 Hz, 2H),
7.65 (d, J = 8.3 Hz, 2H), 7.53 (s, 2H), 7.43 (s, 1H), 7.36 (t, J = 7.5 Hz, 1H),
6.93-6.88 (m, 2H) ppm; *C NMR (125 MHz, DMSO-ds) § 160.1, 159.6, 159.4,
154.5, 136.0, 135.1, 133.0, 130.8, 129.2, 128.8, 119.3, 118.6, 118.5 116.8,
108.5, 86.4 ppm; HRMS (ESI-TOF) m/z calcd for CigH12CIKN3O[M+K]*:
360.0300, found 360.0330.

2-Amino-4-(4-bromophenyl)-6-(2-hydroxyphenyl)nicotinonitrile(3aj):
Yellow colour solid; mp 280-282 °C; yield 73% (53.5mg); *H NMR (400 MHz,
DMSO-ds) 6 13.35 (s, 1H), 8.07 (d, J = 7.5 Hz, 1H), 7.78 (d, J = 7.6 Hz, 2H),
7.65 (d, J = 7.6 Hz, 2H), 7.53 (S, 2H), 7.42 (s, 1H), 7.35 (t, J = 14.2 Hz, 1H),
6.93-6.87 (M, 2H) ppm; **C NMR (125 MHz, DMSO-ds) § 160.1, 159.6, 159.4,
154.5, 136.4, 133.0, 132.1, 131.0, 128.8, 123.9, 119.3, 118.6, 118.5 116.8,
108.5, 86.3 ppm; HRMS (ESI) m/z calcd for CigH12°BrKN3sO[M+K]":
403.9795, found 403.9783; HRMS (ESI-TOF) m/z calcd for C1sH128'BrKNsO
[M+K]*: 405.9775, found 403.9745.

2-Amino-6-(2-hydroxyphenyl)-4-(2-nitrophenyl)nicotinonitrile(3ak):
Yellow colour solid; mp 264-266 °C; yield 69% (45.8 mg); *H NMR (500 MHz,
DMSO-ds) & 13.35 (s, 1H), 8.29 (d, J = 7.8 Hz, 1H), 7.99-7.91 (m, 2H), 7.86-
7.79 (m, 1H), 7.68 (dd, J = 7.5, 0.9 Hz, 1H), 7.59 (s, 2H), 7.43 (s, 1H), 7.39-
7.31 (m, 1H), 6.93 (d, J = 8.2 Hz, 1H), 6.87 (t, J = 7.4 Hz, 1H) ppm; °C NMR
(125 MHz, DMSO-ds) 6 160.1, 159.8, 158.5, 153.8, 147.5, 134.8, 133.2, 132.3,
132.0,131.4,128.7,125.4,119.4, 118.6, 118.4, 115.9, 108.1, 87.1 ppm; HRMS
(ESI-TOF) m/z calcd for C18H13N4O3 [M+H]*: 333.0982, found 333.1008.

2-Amino-6-(2-hydroxyphenyl)-4-(3-nitrophenyl)nicotinonitrile(3al): light
brown solid; yield 73% (48.0 mg); mp 262-264 °C; *H NMR (500 MHz,
DMSO-ds) 6 13.32 (s, 1H), 8.53-8.46 (m, 1H), 8.39 (dd, J = 8.2, 1.4 Hz, 1H),
8.14 (d, J = 7.8 Hz, 1H), 8.11-8.03 (m, 1H), 7.86 (t, J = 8.0 Hz, 1H), 7.57 (s,
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2H), 7.52 (s, 1H), 7.40-7.30 (m, 1H), 6.92-6.88 (m, 2H) ppm; 3C NMR (125
MHz, DMSO-ds) 6 160.0, 159.9, 159.3, 153.4, 148.3, 138.6, 135.6, 133.1,
130.9, 128.8, 124.9, 123.8, 119.4, 118.6, 118.5, 116.6, 108.8, 86.5 ppm; HRMS
(ESI-TOF) m/z calcd for C1sH12N4NaO3z[M+Na]*: 355.0802, found 355.0797.

2-Amino-6-(2-hydroxyphenyl)-4-(naphthalen-1-yl)nicotinonitrile(3am):
Yellow colour solid; mp 258-260 °C; yield 73% (49.2 mg); *H NMR (500 MHz,
DMSO-ds) 6 13.50 (s, 1H), 8.09 (dd, J = 15.5, 8.1 Hz, 2H), 7.98 (dd, J = 10.4,
3.1 Hz, 1H), 7.70-7.65 (m, 2H), 7.63-7.54 (m, 5H), 7.45 (s, 1H), 7.35-7.32 (m,
1H), 6.94 (d, J = 8.2 Hz, 1H), 6.87-6.82 (m, 1H) ppm; *C NMR (125 MHz,
DMSO-de) & 160.2, 159.4, 159.0, 155.3, 135.3, 133.6, 132.9, 130.5, 129.8,
128.9, 128.8, 127.5, 127.0, 126.9, 125.8, 125.3, 119.4, 118.6, 118.5, 116.4,
110.0, 89.1 ppm; HRMS (ESI-TOF) m/z calcd for C22HisN3sNaO [M+Na]™:
360.1107, found 360.1107.

2-Amino-4-(furan-2-yl)-6-(2-hydroxyphenyl)nicotinonitrile (3an): Yellow
colour solid; mp 236-238 °C; yield 80% ( 44.3 mg); 'H NMR (500 MHz,
DMSO-ds) 6 13.34 (s, 1H), 8.06 (d, J = 9.2 Hz, 2H), 7.66 (s, 1H), 7.61 (d, J =
2.4 Hz, 1H), 7.47 (s, 2H), 7.36 (t, J = 7.5 Hz, 1H), 6.93 (t, J = 7.8 Hz, 2H), 6.82
(s, 1H) ppm; 2C NMR (125 MHz, DMSO-ds) & 160.0, 159.8, 159.6, 148.9,
146.3, 141.9, 132.9, 128.5, 119.4, 118.6, 118.6, 117.2, 114.3, 113.3, 103.7,
81.35 ppm; HRMS (ESI-TOF) m/z calcd for C16H12N302 [M+H]": 278.0924,
found 278.0907.

2-Amino-6-(2-hydroxyphenyl)-4-(thiophen-2-yl)nicotinonitrile(3ao):
Yellow colour solid; mp 242-244 °C; yield 81% (47.5 mg); *H NMR (500 MHz,
DMSO-ds) & 13.26 (s, 1H), 8.07 (d, J = 8.4 Hz, 1H), 8.00-7.85 (m, 2H), 7.50 (d,
J=10.1Hz, 3H), 7.36 (t, J = 7.7 Hz, 1H), 7.32-7.30 (m, 1H), 7.00-6.86 (m, 2H)
ppm; 3C NMR (125 MHz, DMSO-ds) & 160.0, 159.9, 159.6, 147.2, 138.0,
133.0, 130.6, 130.1, 128.9, 128.7, 119.4, 118.6, 118.6, 117.3, 107.3, 84.4 ppm;
HRMS (ESI-TOF) m/z calcd for Ci6H12N3sOS [M+H]": 294.0696, found
294.0723.

2-Amino-4-cyclopropyl-6-(2-hydroxyphenyl)nicotinonitrile(3ap):  Yellow
colour solid; mp 278-280 °C; yield 84% ( 42.2 mg); *H NMR (500 MHz,
DMSO-ds) 6 13.50 (s, 1H), 7.93 (d, J = 7.9 Hz, 1H), 7.30-7.16 (m, 3H), 6.80-
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6.78 (m, 2H), 6.71 (s, 1H), 2.05-1.99 (m, 1H), 1.12 (dd, J = 10.2, 4.6 Hz, 2H),
1.03 (dd, J = 6.8, 3.4 Hz, 2H) ppm; 3C NMR (100 MHz, DMSO-ds) & 160.9,
160.0, 159.4, 158.4, 132.6, 128.5, 119.1, 118.5, 118.4, 116.6, 102.2, 88.5, 15.0,
11.0 ppm; HRMS (ESI-TOF) m/z calcd for CisH14N3O [M+H]+ : 252.1131,
found 252.1107.

2-Amino-4-ethyl-6-(2-hydroxyphenyl)-5-methylnicotinonitrile(3aq):
Yellow colour solid; mp 186-188 °C; yield 82% (41.5 mg); *H NMR (500 MHz,
DMSO-de) & 9.64 (s, 1H), 7.19-7.11 (m, 1H), 7.02 (dd, J = 7.5, 1.5 Hz, 1H),
6.88-6.74 (m, 2H), 6.38 (s, 2H), 2.65 (g, J = 7.5 Hz, 2H), 1.88 (s, 3H), 1.09 (t,
J = 7.6 Hz, 3H) ppm; 3C NMR (125 MHz, DMSO-ds) & 160.6, 158.5, 156.5,
154.5, 130.3, 129.9, 127.8, 119.2, 119.0, 117.1, 115.9, 88.9, 25.7, 14.2, 13.7
ppm; HRMS (ESI-TOF) m/z calcd for CisH16N3O [M+H]": 254.1288, found
254.1293.

2-Amino-6-(2-hydroxyphenyl)-4-phenyl-5-propylnicotinonitrile(3as):
Yellow colour solid; mp 196-198 °C; yield 81% ( 53.3 mg); *H NMR (500 MHz,
DMSO-de) 4 9.31 (s, 1H), 7.30 (t, J = 7.2 Hz, 2H), 7.27-7.23 (m, 1H), 7.11 (d,
J =7.0 Hz, 2H), 7.03-6.97 (m, 1H), 6.89 (d, J = 7.4 Hz, 1H), 6.69 (d, J = 8.1
Hz, 1H), 6.64 (t, J = 7.4 Hz, 1H), 6.46 (s, 2H), 1.91 (t, J = 7.7 Hz, 2H), 0.70-
0.78 (m, 2H), 0.13 (t, J = 7.3 Hz, 3H) ppm; *C NMR (125 MHz, DMSO-ds) &
161.3, 158.4, 154.6, 154.3, 137.5, 130.3, 129.7, 128.9, 128.6, 127.9, 123.8,
119.0, 117.0, 116.0, 89.6, 30.7, 23.3, 14.4 ppm; HRMS (ESI-TOF) m/z calcd
for C21H20N30 [M+H]": 330.1601, found 330.1601.

2-Amino-6-(2-hydroxyphenyl)-5-methyl-4-phenylnicotinonitrile(3ar):
Yellow colour solid; mp 202-204 °C; yield 86% (51.8 mg); *H NMR (500 MHz,
CDCl3) 6 10.38 (s, 1H), 7.55-7.49 (m, 3H), 7.44 (dd, J = 7.8, 1.4 Hz, 1H), 7.35
-7.31 (m, 3H), 7.06 (dd, J = 8.1, 0.5 Hz, 1H), 6.95-6.90 (m, 1H), 5.18 (s, 2H),
2.10 (s, 3H) ppm; 3C NMR (125 MHz, CDCl3) 5 159.2, 158.0, 156.7, 155.8,
136.7,131.4,130.4,129.2,128.9,128.1,121.9, 120.1, 119.0, 117.9, 116.0, 91.2,
18.5 ppm; HRMS (ESI-TOF) m/z calcd for C19H15N3NaO [M+Na]*: 324.1107,
found 324.1113.

2-Amino-6-(2-hydroxy-5-methylphenyl)-4-phenylnicotinonitrile(3ba):
Yellow colour solid; mp 262-264 °C; yield 72% (43.3 mg); *H NMR (500 MHz,
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DMSO-dg) 6 13.15 (s, 1H), 7.87 (s, 1H), 7.68-7.66 (m, 2H), 7.61-7.53 (m, 3H),
7.44 (s, 2H), 7.40 (s, 1H), 7.15 (dd, J = 8.3, 1.3 Hz, 1H), 6.82 (d, J = 8.3 Hz,
1H), 2.26 (s, 3H) ppm; 3C NMR (125 MHz, DMSO-ds) 5 159.6, 159.4, 157.8,
155.7, 137.2, 133.7, 130.2, 129.2, 128.8, 128.5, 128.0, 118.3, 118.2, 117.0,
108.6, 86.4, 20.4 ppm; HRMS (ESI-TOF) m/z calcd for C19H16N3O [M+H]*:
302.1288, found 302.1288.

2-Amino-6-(2-hydroxy-5-methoxyphenyl)-4-phenylnicotinonitrile(3da):
Yellow colour solid; mp 198-200 °C; yield 70% ( 44.4 mg); *H NMR (500 MHz,
DMSO-ds)  12.88 (s, 1H), 7.73-7.62 (m, 2H), 7.56 (d, J = 5.0 Hz, 3H), 7.48 (d,
J=2.7Hz, 1H), 7.42 (s, 3H), 6.98 (dd, J = 8.9, 2.8 Hz, 1H), 6.86 (d, J = 8.9 Hz,
1H), 3.74 (s, 3H) ppm; 3C NMR (125 MHz, DMSO-ds) & 159.4, 159.3 155.9,
154.0, 152.3, 137.2, 130.2, 129.2, 128.8, 120.3, 119.4, 118.6, 117.0, 111.9,
109.0, 86.7, 56.1 ppm; HRMS (ESI-TOF) m/z calcd for C1sH16N302 [M+H]*:
318.1237, found 318.1233.

2-Amino-6-(5-chloro-2-hydroxyphenyl)-4-phenylnicotinonitrile(3ea):
Yellow colour solid; mp 210-212 °C; yield 65% (41.7 mg); *H NMR (500 MHz,
DMSO-ds) & 9.15 (s, 1H), 8.41 (d, J = 2.2 Hz, 1H), 7.69 (dd, J = 8.8, 2.3 Hz,
2H), 7.58-7.54 (m, 3H), 7.53-7.51 (m, 2H), 7.50 (s, 1H), 7.21 (d, J = 8.8 Hz,
1H), 6.74 (d, J = 8.9 Hz, 1H); *C NMR (125 MHz, DMSO-ds) & 155.9, 153.3,
150.4, 149.6, 138.3, 136.0, 131.8, 129.1, 128.9, 125.0, 119.4, 118.4, 117.4,
110.1, 104.1, 94.6 ppm; HRMS (ESI-TOF) m/z calcd for C1gH13CIN3O [M+H]*:
322.0742, found 322.0747.

2-Amino-6-(5-bromo-2-hydroxyphenyl)-4-phenylnicotinonitrile(3fa):
Yellow colour solid; mp 216-218 °C; yield 67% (49.0 mg); *H NMR (500 MHz,
DMSO-ds) & 9.14 (s, 1H), 8.50 (d, J = 1.7 Hz, 1H), 7.66 (d, J = 6.3 Hz, 2H),
7.62 (dd, J = 8.8, 1.9 Hz, 1H), 7.57-7.51 (m, 3H), 7.50 (d, J = 4.0 Hz, 2H), 7.13
(d, J=8.7 Hz, 1H), 6.71 (d, J = 6.4 Hz, 1H) ppm; 3C NMR (125 MHz, DMSO-
de) 6 155.8, 153.3,150.8, 149.7, 138.3, 136.0, 134.6, 129.2, 128.9, 127.9, 120.0,
118.7, 116.4, 110.2, 104.1, 94.6 ppm; HRMS (ESI-TOF) m/z calcd for
Ci1sH13°BrNsO[M+H]": 366.0237, found 366.0242; HRMS (ESI-TOF) m/z
calcd for C1gH13®'BrNsO[M+H]*: 368.0216, found 368.0216.
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2-Amino-6-(2-hydroxy-3-methoxyphenyl)-4-phenylnicotinonitrile(3ga):
Yellow colour solid; mp 200-202 °C; yield 73% (46.0 mg); *H NMR (500 MHz,
DMSO0-de) § 13.50 (s, 1H), 7.62-7.60 (m, 2H), 7.56 (d, J = 8.2 Hz, 1H), 7.51-
7.49 (m, 3H), 7.42 (s, 2H), 7.30 (s, 1H), 6.98 (d, J = 7.9 Hz, 1H), 6.75 (t, J =
8.1 Hz, 1H), 3.74 (s, 3H) ppm; 3C NMR (100 MHz, DMSO-ds) & 159.7, 159.3,
155.8, 150.5, 149.3, 137.2, 130.2, 129.2, 128.8, 120.1, 118.6, 118.5, 116.9,
114.9, 108.9, 86.6, 56.3 ppm; HRMS (ESI-TOF) m/z calcd for C19H16N302
[M+H]": 318.1237, found 318.1231.

2-Amino-6-(3,5-dichloro-2-hydroxyphenyl)-4-phenylnicotinonitrile(3ha):
Yellow colour solid; mp 222-224 °C; yield 62% (44.1mg); *H NMR (500 MHz,
DMSO-de) 6 14.81 (s, 1H), 8.24 (d, J = 2.4 Hz, 1H), 7.70-7.68 (m, 2H), 7.64 (d,
J = 2.3 Hz, 2H), 7.60-7.53 (m, 4H); 3C NMR (125 MHz, DMSO-ds) & 158.9,
157.2, 156.6, 155.0, 136.7, 131.8, 130.4, 129.1, 129.0, 126.8, 123.0, 122.8,
120.4, 116.6, 109.1, 88.1 ppm: HRMS (ESI-TOF) m/z calcd for
C18H11C12NsNaO [M+Na]*: 378.0171, found 378.0162.

2-Amino-6-(2-hydroxy-4-methoxyphenyl)-5-methyl-4-
phenylnicotinonitrile(3cr): Yellow colour solid; mp 168-170 °C; yield 78%
(51.6 mg); *H NMR (500 MHz, DMSO-dg) & 10.12 (s, 1H), 7.51 (t, J = 7.2 Hz,
2H), 7.49-7.43 (m, 1H), 7.32 (d, J = 7.2 Hz, 2H), 7.13 (d, J = 8.4 Hz, 1H), 6.63
(s, 2H), 6.46 (d, J = 7.4 Hz, 2H), 3.72 (s, 3H), 1.74 (s, 3H) ppm; *C NMR (125
MHz, DMSO-ds) 6 161.0, 160.6, 158.2, 156.3, 154.8, 137.6, 131.4, 129.1,
129.0, 128.7, 119.8, 118.9, 117.2, 105.2, 101.6, 88.9, 55.5, 16.56 ppm; HRMS
(ESI-TOF) m/z calcd for C2oH1sN302 [M+H]*: 332.1394, found 332.1394.

2-Amino-6-(2-hydroxy-5-methoxyphenyl)-5-methyl-4-
phenylnicotinonitrile(3dr): Yellow colour solid; mp 184-186 °C; yield 75%
(49.6 mg); *H NMR (500 MHz, DMSO-ds) § 9.34 (s, 1H), 7.54-7.51 (m, 2H),
7.48 (t, J=7.3 Hz, 1H), 7.33 (d, J = 7.1 Hz, 2H), 6.82 (s, 2H), 6.71 (s, 1H), 6.59
(s, 2H), 3.76 (s, 3H), 1.72 (s, 3H) ppm; 3C NMR (125 MHz, DMSO-ds) 5 160.7,
158.43, 154.6, 152.2, 148.4, 137.3, 129.1, 128.7, 128.6, 128.0, 119.0, 117.2,
116.9, 115.8, 115.0, 89.4, 55.9, 16.0 ppm; HRMS (ESI-TOF) m/z calcd for
CooH18N302 [M+H]*: 332.1394, found 332.1394.
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2-Amino-6-(2-hydroxy-5-methylphenyl)-5-methyl-4-
phenylnicotinonitrile(3br): Yellow colour solid; mp 198-200 °C; yield 77% (
48.4 mg): *H NMR (500 MHz, DMSO-ds) & 9.42 (s, 1H), 7.54 (t, J = 7.3 Hz,
2H), 7.48 (t, J = 7.3 Hz, 1H), 7.37-7.32 (m, 2H), 7.03 (dd, J = 8.2, 1.6 Hz, 1H),
6.97 (s, 1H), 6.80 (d, J = 8.2 Hz, 1H), 6.67 (s, 2H), 2.23 (s, 3H), 1.73 (s, 3H)
ppm; 3C NMR (125 MHz, DMSO-ds) § 161.1, 158.5, 154.4, 152.4, 137.6,
130.7, 130.4, 129.1, 129.0, 128.7, 127.6, 127.4, 118.8, 117.1, 116.0, 89.1, 20.4,
16.0 ppm; HRMS (ESI-TOF) m/z calcd for C20H1sN3O [M+H]": 316.1444,
found 316.1451.

2-Amino-6-(5-bromo-2-hydroxyphenyl)-5-methyl-4-
phenylnicotinonitrile(3fr): Yellow colour solid; mp 190-192 °C; yield 73%
(55.5 mg); *H NMR (500 MHz, DMSO-ds) § 10.02 (s, 1H), 7.52 (t, J = 7.3 Hz,
2H), 7.50-7.45 (m, 1H), 7.38 (dd, J = 8.7, 2.6 Hz, 1H), 7.35-7.31 (m, 2H), 7.29
(d, J=2.5Hz, 1H), 6.87 (d, J = 8.7 Hz, 1H), 6.71 (s, 2H), 1.70 (s, 3H) ppm; 3C
NMR (125 MHz, DMSO-ds) 6 159.3, 158.5, 154.7, 154.0, 137.3, 132.6, 132.5,
130.1, 129.1, 128.7, 118.8, 118.3, 117.0, 110.2, 89.7, 15.9 ppm; HRMS (ESI-
TOF) m/z calcd for C1gH15°BrNzO [M+H]*: 380.0393, found 380.0384; HRMS
(ESI-TOF) m/z calcd for C19H155*BrNsO [M+H]*: 382.0373, found 382.0359.

2-Amino-6-(5-chloro-2-hydroxyphenyl)-5-methyl-4-
phenylnicotinonitrile(3er): Yellow colour solid; mp 194-196 °C; yield 76% (
51.0 mg); *H NMR (500 MHz, DMSO-ds) 6 9.97 (s, 1H), 7.52 (t, J = 7.3 Hz,
2H), 7.49-7.44 (m, 1H), 7.33 (d, J = 7.0 Hz, 2H), 7.26 (dd, J = 8.7, 2.6 Hz, 1H),
7.18 (d, J = 2.5 Hz, 1H), 6.92 (d, J = 8.7 Hz, 1H), 6.72 (s, 2H), 1.70 (s, 3H)
ppm; 3C NMR (100 MHz, DMSO-ds) & 159.3, 158.6, 154.7, 153.6, 137.3,
129.8, 129.6, 129.5, 129.1, 128.7, 122.7, 118.8, 117.8, 117.0, 89.72, 15.9 ppm;
HRMS (ESI-TOF) m/z calcd for CigH1sCIN3O [M+H]": 336.0898, found
336.0901.

2-Amino-6-(2-hydroxynaphthalen-1-yl)-4-phenylnicotinonitrile(3ia):

Yellow colour solid; mp 230-232 °C; yield 61% (41.1 mg); *H NMR (500 MHz,
DMSO-ds) 6 10.05 (s, 1H), 7.93 (t, J = 11.6 Hz, 2H), 7.87 (d, J = 7.3 Hz, 1H),
7.74 (d, J = 6.8 Hz, 2H), 7.57 (t, J = 6.9 Hz, 2H), 7.53-7.49 (m, 2H), 7.48-7.43
(m, 1H), 7.43-7.38 (m, 1H), 7.34 (t, J = 8.8 Hz, 2H), 7.29 (d, J = 8.2 Hz, 1H)
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ppm; 3C NMR (125 MHz, DMSO-ds) § 152.9, 146.6, 144.8, 143.2, 138.7,
138.5, 133.5, 130.6, 129.6, 129.4, 129.1, 128.6, 128.2, 127.8, 127.4, 123.7,
123.3, 118.7, 118.2, 111.9 ppm; HRMS (ESI-TOF) m/z calcd for Ca2H1sN3O
[M+H]*: 338.1288, found 338.1297.

3-Amino-1-(2-hydroxyphenyl)-5,6,7,8-tetrahydroisoquinoline-4-
carbonitrile(3at): Yellow colour solid; mp 200-202 °C; yield 85% ( 45.0 mg);
'H NMR (500 MHz, DMSO-ds) § 9.65 (s, 1H), 7.21 (t, J = 7.6 Hz, 1H), 7.06 (d,
J=7.4Hz, 1H), 6.89 (d, J = 8.1 Hz, 1H), 6.85 (t, J = 7.4 Hz, 1H), 6.52 (s, 2H),
2.77 (t, J = 6.3 Hz, 2H), 2.32 (t, J = 6.1 Hz, 2H), 1.76-1.69 (m, 2H), 1.64-1.55
(m, 2H) ppm; *C NMR (125 MHz, DMSO-ds) & 160.5, 158.4, 154.6, 151.1,
130.0, 129.8, 127.2, 120.8, 119.16, 116.8, 116.0, 88.3, 28.4, 25.3, 22.5, 21.9
ppm; HRMS (ESI-TOF) m/z calcd for C19H16N3O [M+H]": 266.1288, found
266.1295.

3-Amino-1-(2-hydroxyphenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[c]pyridine-4-carbonitrile(3au): Yellow colour solid; mp 182-184
°C; yield 78 % (43.6 mg); *H NMR (500 MHz, DMSO-dg) & 9.44 (s, 1H), 7.12
(t, J=7.4 Hz, 1H), 6.96 (d, J = 7.2 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 6.76 (t, J
=7.3 Hz, 1H), 6.45 (s, 2H), 2.88-2.80 (m, 2H), 2.42-2.35 (m, 2H), 1.66 (s, 2H),
1.56 (s, 2H), 1.37 (s, 2H) ppm; 3C NMR (125 MHz, DMSO-ds) & 158.9, 158.4,
157.5, 154.7, 130.3, 129.6, 127.8, 126.4, 119.0, 117.2, 115.8, 89.2, 33.7, 31.8,
29.7, 27.6, 26.8 ppm; HRMS (ESI-TOF) m/z calcd for C17H17NsNaO [M+Na]™:
302.1264, found 302.1236.

3-Amino-1-(2-hydroxyphenyl)-9H-indeno[2,1-c]pyridine-4-
carbonitrile(3av): Yellow colour solid; mp 236-238 °C; yield 80% (47.8 mg);
'H NMR (500 MHz, DMSO-dg) 5 12.48 (s, 1H), 8.27 (d, J = 7.1 Hz, 1H), 7.82
(d, J=7.8 Hz, 1H), 7.66 (d, J = 6.8 Hz, 1H), 7.57-7.46 (m, 2H), 7.29 (t, J=7.6
Hz, 1H), 7.19 (s, 2H), 6.96-6.85 (m, 2H), 4.09 (s, 2H) ppm; *C NMR (100
MHz, DMSO-des) 6 158.6, 158.5, 155.8, 153.5, 146.8, 137.0, 131.8, 131.0,
130.2, 127.8, 126.0, 124.4, 122.6, 121.9, 119.2, 117.9, 116.9, 80.6, 36.9 ppm;
HRMS (ESI-TOF) m/z calcd for CigH1sN3O [M+H]™: 300.1131, found
300.1131.
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2-Amino-4-(2-hydroxyphenyl)-5,6-dihydrobenzo[f]isoquinoline-1-
carbonitrile(3aw): Yellow colour solid; mp 192-194 °C; yield 82% (51.3 mg);
'H NMR (500 MHz, DMSO-ds) & 9.90 (s, 1H), 8.39-8.03 (m, 1H), 7.46-7.39
(m, 2H), 7.39-7.34 (m, 1H), 7.26-7.21 (m, 2H), 6.91-6.87 (m, 2H), 6.70 (s, 2H),
2.67-2.60 (m, 2H), 2.46-2.40 (m, 2H) ppm; 3C NMR (125 MHz, DMSO-de) &
160.2, 158.9, 155.2, 146.1, 140.6, 131.0, 130.7, 130.4, 128.57, 127.0, 127.0,
126.4,121.5, 119.2, 118.6, 116.2, 84.0, 28.9, 24.7 ppm; HRMS (ESI-TOF) m/z
calcd for C2oH1sN3O [M+H]": 314.1288, found 314.1315.

3-Amino-1-(5-chloro-2-hydroxyphenyl)-5,6,7,8-tetrahydroisoquinoline-4-
carbonitrile(3et): Yellow colour solid; mp 196-198 °C; yield 74% (44.2 mg);
H NMR (500 MHz, DMSO-ds) 6 9.91 (s, 1H), 7.24 (dd, J = 8.7, 2.6 Hz, 1H),
7.06 (d, J = 2.6 Hz, 1H), 6.89 (d, J = 8.7 Hz, 1H), 6.55 (s, 2H), 2.75 (t, J = 6.3
Hz, 2H), 2.29 (t, J = 6.1 Hz, 2H), 1.72-1.67 (m, 2H), 1.60-1.57 (m, 2H) ppm;
13C NMR (125 MHz, DMSO-dg) & 158.9, 158.4, 153.6, 151.4, 129.5, 129.4,
129.1, 122.6, 120.8, 117.7, 116.72, 88.7, 28.4, 25.0, 22.4, 21.8 ppm; HRMS
(ESI-TOF) m/z calcd for C16H15CIN3O [M+H]": 300.0898, found 300.0909.

3-Amino-1-(5-bromo-2-hydroxyphenyl)-5,6,7,8-tetrahydroisoquinoline-4-

carbonitrile(3ft): Yellow colour solid; mp 202-204 °C; yield 77% ( 53.0 mg);
'H NMR (500 MHz, DMSO-ds) § 9.99 (s, 1H), 7.36 (dd, J = 8.6, 1.5 Hz, 1H),
7.20-7.12 (m, 1H), 6.84 (d, J = 8.7 Hz, 1H), 6.52 (s, 2H), 2.75 (t, J = 6.2 Hz,
2H), 2.28 (t, J = 6.1 Hz, 2H), 1.72-1.67 (m, 2H), 1.59-1.55 (m, 2H) ppm; 3C
NMR (125 MHz, DMSO-ds) 6 158.4, 156.8, 154.0, 151.4, 132.3, 129.7, 120.8,
118.6,118.2, 116.7, 110.1, 88.8, 28.4, 25.0, 22.4, 21.8 ppm; HRMS (ESI-TOF)
m/z calcd for C16H15"°BrNsO [M+H]*: 344.0393, found 344.0393; HRMS (ESI-
TOF) m/z calcd for C16H152'BrN30 [M+H]*: 346.0373, found 346.0378.

3-Amino-1-(2-hydroxy-5-methoxyphenyl)-5,6,7,8-tetrahydroisoquinoline-
4- carbonitrile(3dt): Yellow colour solid; mp 184-186 °C; yield 83% (49.0
mg); *H NMR (500 MHz, DMSO-ds) & 9.14 (s, 1H), 6.80 (s, 2H), 6.62 (s, 1H),
6.53 (s, 2H), 2.76 (t, J = 6.2 Hz, 2H), 2.33 (t, J = 6.1 Hz, 2H), 1.74-1.66 (m,
2H), 1.65-1.55 (m, 2H) ppm; 3*C NMR (125 MHz, DMSO-ds) & 160.3, 158.4,
152.2,151.1, 150.1, 148.3, 127.6, 120.8, 116.8, 115.5, 114.7, 88.4, 55.8, 28.4,
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25.2, 22.5, 21.9 ppm; HRMS (ESI-TOF) m/z calcd for C17H1sN3O2 [M+H]™:
296.1394, found 296.1394.

6-Amino-8-(2-hydroxyphenyl)-3,4-dihydro-1H-pyrano[3,4-c]pyridine-5-
carbonitrile(3ax):Yellow colour solid; mp 214-216 °C; yield 77% (44.2 mg);
'H NMR (500 MHz, DMSO-ds) 5 9.92 (s, 1H), 7.26-7.23 (m, 1H), 7.08 (dd, J
=7.6, 1.5 Hz, 1H), 6.91 (d, J = 8.0 Hz, 1H), 6.87 (t, J = 7.4 Hz, 1H), 6.75 (s,
2H), 4.31 (s, 2H), 3.87 (t, J = 5.8 Hz, 2H), 2.83 (t, J = 5.7 Hz, 2H) ppm; 13C
NMR (125 MHz, DMSO-ds) & 158.8, 157.4, 154.7, 148.5, 130.5, 130.2, 125.5,
119.3, 118.9, 116.3, 116.2, 88.1, 65.25, 63.8, 27.4 ppm; HRMS (ESI-TOF) m/z
calcd for C15H1sN3O2 [M+H]*: 268.1081, found 268.1094.

2-Amino-4-(2-hydroxyphenyl)-5H-chromeno[3,4-c]pyridine-1-
carbonitrile(3ay): Yellow colour solid; mp 210-212 °C; yield = 79% (49.8
mg); *H NMR (500 MHz, DMSO- ds) & 10.02 (s, 1H), 8.35 (d, J = 7.8 Hz, 1H),
7.49 (t,J = 7.7 Hz, 1H), 7.34-7.29 (m, 1H), 7.27 (d, J = 7.6 Hz, 1H), 7.23 (t, J
= 7.6 Hz, 1H), 7.11 (d, J = 8.1 Hz, 1H), 7.03-6.90 (m, 4H), 4.72 (s, 2H) ppm;
13C NMR (125 MHz, DMSO-dg) & 161.2, 157.0, 156.6, 155.3, 141.2, 133.1,
131.0, 130.9, 126.6, 125.0, 122.6, 120.5, 119.5, 118.1, 118.1, 116.2, 116.0, 82.1,
65.9 ppm; HRMS (ESI-TOF) m/z calcd for C19H14N3O2 [M+H]*: 316.1081,
found 316.1081.

(1R,3aS,3bR,5aS,11aS,13aR)-8-amino-10-(2-hydroxyphenyl)-11a,13a-
dimethyl-1-((R)-6-methylheptan-2-yl)-
2,3,3a,3b,4,5,5a,6,11,11a,11b,12,13,13a-tetradecahydro-1H-
cyclopenta[5,6]naphtho[2,1 g]isoquinoline-7- carbonitrile(3az): Yellow
colour solid; mp 262- 264 °C; yield 71% (78.6 mg); [0]?’ b = + 90° (CHCls);
'H NMR (500 MHz, DMSO-ds) § 9.68 (s, 1H), 7.16 (t, J = 7.1 Hz, 1H), 6.99 (d,
J=6.8 Hz, 1H), 6.85 (d, J = 7.9 Hz, 1H), 6.78 (t, J = 6.9 Hz, 1H), 6.46 (s, 2H),
2.69 (d, J=14.8 Hz, 1H), 2.32 (d, J = 15.7 Hz, 2H), 1.96 (d, J = 15.4 Hz, 1H),
1.83-1.81 (m, 1H), 1.71-1.70 (m, 1H), 1.60-1.59 (m, 1H), 1.49-1.43 (m, 4H),
1.24-1.13 (m, 8H), 1.04-0.98 (m, 6H), 0.90 (s, 3H), 0.79-0.78 (m, 9H), 0.65 (s,
1H), 0.55 (s, 6H) ppm; 1*C NMR (125 MHz, DMSO-ds) § 161.0, 158.2, 154.5,
150.0, 129.9, 129.8, 127.1, 120.0, 119.0, 116.7, 116.0, 87.7, 56.2, 56.1, 53.2,
42.3, 40.6, 36.1, 35.6, 35.3, 34.8, 32.8, 31.4, 28.2, 28.1, 28.0, 27.8, 24.2, 23.7,
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23.0, 22.8, 21.1, 21.0, 18.8, 12.1, 11.5 ppm; HRMS (ESI-TOF) m/z calcd for
Cs7Hs52N30[M+H]": 554.4105, found 554.4105.

(E)-2-(3-(2-hydroxyphenyl)-1-phenylallylidene)malononitrile(4):  Yellow
colour solid; mp 216-218 °C; *H NMR (500 MHz, CDCl3) § 7.92 (d, J = 15.6
Hz, 1H), 7.58-7.52 (m, 3H), 7.41 (dd, J = 15.3, 7.3 Hz, 3H), 7.29-7.25 (m, 1H),
7.12 (d, J =15.6 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.80 (d, J = 8.1 Hz, 1H), 6.18
(s, 1H) ppm; *C NMR (125 MHz, CDCls) § 172.8, 155.9, 145.6, 133.1, 132.8,
131.1, 130.5, 129.0, 128.98 , 125.6, 121.8, 121.2, 116.5, 113.7, 81.0 ppm;
HRMS (ESI-TOF) m/z calcd for CisHi2N2NaO [M+Na]*: 295.0842, found
295.0853.

2-Amino-6-[2-(tert-butyldimethylsilyloxyphenyl)-4-(3-
nitrophenyl)nicotinonitrile (11): Colourless solid; mp 78-80 °C; yield 88% ;
'H NMR (500 MHz, DMSO-ds) § 8.40-8.22 (m, 2H), 8.05-7.91 (m, 1H), 7.87-
7.72 (m, 1H), 7.65-7.63 (m, 1H), 7.31 (d, J = 0.9 Hz, 1H), 7.18-6.79 (m, 5H),
0.65 (s, 9H), 0.00 (s, 6H) ppm; *C NMR (125 MHz, DMSO-ds) & 161.3, 159.4,
153.3, 151.6, 148.3, 138.8, 135.2, 131.3, 131.2, 131.0, 130.4, 124.7, 123.1,
122.0, 120.7, 117.0, 114.5, 86.1, 25.7, 18.1, -4.0 ppm; HRMS (ESI-TOF) m/z
calcd for C24H27N4O3Si[M+H]": 447.1847, found 447.1842.

2-Amino-4-(3-aminophenyl)-6-(2-hydroxyphenyl)nicotinonitrile(10): Light
yellow solid; mp 206-208 °C; yield 82%; *H NMR (500 MHz, DMSO-ds) &
13.40 (s, 1H), 7.99 (d, J = 7.9 Hz, 1H), 7.39 (br s, 2H), 7.36-7.30 (m, 1H), 7.29
(s, 1H), 7.17 (t, J = 7.7 Hz, 1H), 6.95-6.83 (m, 2H), 6.79 (s, 1H), 6.75-6.70 (m,
2H), 5.32 (s, 2H) ppm; 3C NMR (125 MHz, DMSO-dg) § 160.0, 159.4, 159.2,
156.7, 149.4, 138.0, 132.8, 129.7, 128.5, 119.4, 118.6, 118.5, 117.0, 116.0,
1156, 113.7, 108.3, 86.5 ppm; HRMS (ESI-TOF) m/z calcd for
C1s8H1sNO[M+H]": 303.1240, found 303.1840.

Crystallographic data: Single crystal X-ray structural of compound 3aq was
measured on the Bruker D8 Quest Single Crystal-XRD at 150(2) K using
graphite monochromated Mo Ko radiation (Ao = 0.71073 A). The strategy for
the Data collection was evaluated by using the CrysAlisPro CCD software. The
data were collected by the standard 'phi-omega scan techniques, and were scaled

and reduced using CrysAlisPro RED software. The structure was solved by
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direct methods using SHELXS-97, and refined by full matrix least-squares with
SHELXL-97, refining on F2. The positions of all the atoms were obtained by
direct methods. All non-hydrogen atoms were refined anisotropically. The
remaining hydrogen atoms were placed in geometrically constrained positions,
and refined with isotropic temperature factors, generally 1.2Ueq of their parent
atoms. The crystal data are summarized in Table 3.4. The CCDC number of
compound 3aq (2122234) can be obtained free of charge via
www.ccdc.cam.ac.uk (or from the Cambridge Crystallographic Data Centre,12
union Road, Cambridge CB21 EZ, UK; Fax: (+44) 1223-336-033; or

deposit@ccdc.cam.ac.uk).

Figure 3.3. ORTEP diagram of compound 3aq (CCDC 2122234),

thermal ellipsoids drawn at the 50% probability level.

Table 3.4. Crystal data for compound 3aq.
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Compound 3aq

Empirical formula C15H15N30
Formula weight 253.3
Temperature 273K

Wave length (A) 1.54184 A
Crystal system, space group Orthorhombic, P 21 21 21, P 2ac 2ab
a(A) a=17.2949(2)

b (A) b =11.9167(2)
c(A) c = 14.4321(3)
a (%) alpha = 90 deg.
B (°) beta = 90 deg.

7 (°) gamma = 90 deg.
Volume (A3) 1254.60(5)A"3

Z, Calculated density (mg/m3)

4,1.341 Mg/m”3

Absorption coefficient (mm-1) 1.341 mm”-1
F(000) 536
O range (deg) 3.129 to 28.298 deg.

Limiting indices

-9<=h<=9, -15<=k<=15, -19<=I<=19

Reflections collected / unique

20258 / 3111 [R(int) = 0.0386]

Completeness to ©

96.8%

Max. and min. transmission 0.698 and 0.746
Absorption correction none

Data / restrains / parameters 3111/0/180
Goodness-of-fit on F*2 0.998

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

R1=0.0367, wR2 = 0.0646

R indices (all data)

R1=0.0393, wR2 = 0.1470

Extinction coefficient

n/a

Largest diff. peak and hole (e.A"3)

0.382 and -0.246 e.A"-3

CCDC

2122234
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3.7 Copies of 'H and *C NMR spectra of some important

compounds described in chapter 3
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Figure 3.47 125 MHz 3C NMR spectrum of 3av in DMSO-ds.
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Figure 3.48 500 MHz *H NMR spectrum of 3aw in DMSO-db.
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169



N
Z I
c z
[
€245°T A\ @
62851 =
br6S'T H
1909'T R
SLL'T O
£689°T
STOL'T
0z1L'T
s(8TT =
89€L°C
S6blT Y — -
0292'T (@]
)
n q
Fé
£Lb5°9 €1b5'9— 61
wmmm.o/ L@
8968'9 © -
££50°Z
5850°L / ~ B
8522°L [e
TIETL
23 ©
S8ve'L e
T
Y689~ _ | £
89680 - eoL 32
<
bR
£650°L _ .
5850t~ b e
=
. 852¢'L Lo _
Q9166 T\ - ST .
o T L =60
e S8YT'L -
o r~
S
&
3

£86'T
kzoe

HL6'T

56T

Rt
/660
2160

foort

55 50 45 40
f1 (ppm)

6.0

105 100 95 9.0

11.0

Figure 3.54 500 MHz *H NMR spectrum of 3et in DMSO-ds.

T998' T2~
L18v'TT
se€0'sz
bbb '8~

€984°88 —

L8TL9TT ~_
OTHL LTT—
2928021 —
6£v9°2eT
8761°67T

sSb 6Tl F
0bSS°62T

T96€'TST ~
8£09°€ST —
8/9b'8ST~
£826'8ST —

SS-BPG-1-119C

CN
NH,

7 Ny

Cl

OH 3et

-10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 2 10
f1 (ppm)

180
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Figure 3.70 500 MHz *H NMR spectrum of 3fa in DMSO-ds.
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Figure 3.72 500 MHz *H NMR spectrum of 3al in DMSO-ds.
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Chapter 4

Copper(l)-photocatalyzed diastereoselective
aziridination of N-sulfonyl imines with vinyl azides:
application to benzo[f][1,2,3]oxathiazepines dioxides

and fused isoxazolines

4.1 Introduction

The three-membered aziridines represent a reputable class of N-containing
heterocyclic molecules which are omnipresent in many bioactive natural
molecules,-*1 active pharmaceutical ingredients,“®1 and synthetic molecules
with great biological significance,l"! (Figure 4. 1). "1 Most importantly, owing
to their intrinsic ring strain, they create a unique opportunity to serve as
multifaceted, highly reactive intermediates for rapidly accessing a variety of

value-added N-containing compounds for drug discovery programs.[&-11]

N7 on
N
\
o) Me
Azomycin A:R=H Mitomycin A: R = OMe Anticancer agent

Azomycin A: R =CHO Azomycin C: R = NH,

Figure 4.1. Selected examples of biologically relevant compounds having an

aziridine moiety.
4.2 Review work

On account of their significant applications, tremendous efforts have been made
by chemists worldwide to develop various catalytic and noncatalytic techniques
which include visible-light-induced photoactive catalysis, olefin aziridination,
multicomponent reactions, sequential one-pot reactions, etc. to construct a wide
breadth of aziridine derivatives.*>*41 Some of the relevant literature reports

have been discussed in the next section (4.2.1).
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4.2.1. Synthesis of aziridine derivatives

Zhou et al. in 2016 demonstrated a metal-free, Rose-Bengal-catalyzed and
visible-light induced decarboxylative cyclization between N-aryl glycines as the
imine sources and diazo compounds, affording various N-arylated aziridines in

moderate to excellent yields (Scheme 4.1).[*%]

N
| R
H CO,H 9 7
Yy T2 HJ\R1 rose Bengal (1.0 mol%)
[

R_| + N
= N, MeOH, Oy, rt L\(Fy
5W blue LEDs
o
Selected examples 17 examples

34-92% yields

Ph Me Ph c °h
N N N N
OEt 0
Ty e oo,
0] (o) (0] (0]

75% 92% 34% 48%

Scheme 4.1. Visible-light induced decarboxylative cyclization of N-aryl

glycines with diazo compounds.

A plausible mechanism for the above (Scheme 4.1) visible-light induced
decarboxylative cyclization of N-aryl glycines and diazo compounds has been
presented in Scheme 4.2. Initially, photoexcitation of RB by visible light
produces excited RB*, which is promptly quenched by N-aryl glycine to
provide the cation radical A. Decarboxylation of A results in the formation of
a-amino alkyl radical B. The continued oxidation of B by the superoxide radical
produces iminium ion C, which then deprotonates to form active imine D.
Aziridines 3 were ultimately synthesized through the nucleophilic addition of
diazo compounds to the C=N bond, succeeded by an intramolecular
nucleophilic attack by the nitrogen atom on an adjacent carbon atom, with N>
acting as the leaving group.[*®
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1 ™
°— O, HO,
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CO,

Scheme 4.2. Plausible mechanism of decarboxylative cyclization of N-aryl

glycines with diazo compounds.

Xuan et al. (2021) also developed a photocatalyst-free, visible light-promoted
cycloaddition of a-diazo esters with hexahydro-1,3,5-triazines under blue-LEDs
(24 W) at room temperature. This novel technique leads to a series of aziridine

frameworks in a variable range of yields (33-95%) (Scheme 4.3).1%6]

2 2 R?
N, R ~,..R A
PR N™ N 24 W blue LEDs N Ar
Ar” TCO,R + L >
N DMSO, rt, 12 h CO5R
R? 24 examples
Selected examples 33-95% yields
PMP PMP Ph PMP
&COzMe N co,Me N coMe N Ph \ji“z
Ph b Aﬂ(o Me
O
85% 33% 71% 50%

Scheme 4.3. Synthesis of aziridines from a-diazo esters and hexahydro-1,3,5-

triazines.
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Yoon et al. (2016) demonstrated an efficient photoactive Ir(111)-complex-
catalyzed olefin aziridination reaction of alkenes with azidoformates irradiated
by a 15 W blue LED flood lamp at 464 nm to endow a series of aziridine
derivatives in satisfactory chemical yields and diastereoselectivities. This
transition-metal based photocatalytic system holds several positive points such
as applicable to cyclic/acyclic alkenes, excellent catalytic activity (2.5 mol%)

and good tolerance of functionalities (Scheme 4.4).[1]

)j\ [Ir(ppy)o(dtbbpy)IPFg (2.5 mol%)
. Ny~ “OR2 N‘§
R 3 15 W blue LEDs, CH,Cl, R 0

Selected examples

1l\'lroc e}
NTroc NTroc
P PN M
@ Ph NHTs Trocn M€
62% 62% 64% 75% Me

Scheme 4.4. Ir(lll)-catalyzed and visible-light driven olefin aziridination

reaction.

A similar study, Xu et al. (2018) reported an appealing diastereoselective
method for the synthesis of substituted aziridines adorned with various
functionalities from alkenes and N-protected 1-aminopyridinium salts as the
source of N-centered radicals catalyzed by Ir(I11)-complex under the irradiation
of blue LED strip at room temperature. This SET-process implies to various
alkenes and affords good to high yields and excellent diastereomeric ratios (up
to 20:1 dr) under mild conditions (Scheme 4.5).[18]
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'I's

xR = [Ir(ppy)2(dtbbpy)]PFgs (1.0 mol%) N
i\ ®N—NHTs .
/ANNe K,HPO, (1.0 equiv.), CH,CI, R
BF, 25 °C, blue LEDs strip, N, 32 examples
34-83% yields

Selected examples dr =>20:1
Ts Ts Ts Ts
| | | |
N Cl N N N
PhA/,/Me w/hl\ﬂe /ﬁ"'l\ﬂe /ﬁ%'\ﬂe
CF Bpi
80% 81% 3 68% pin 69%
dr 20:1 dr 20:1 dr 20:1 dr 20:1

Scheme 4.5. Ir(lll)-catalyzed and visible-light induced olefin aziridination

reaction.

A seminal work’s by Koenigs et al. developed a powerful method for the rapidly
synthesis of trifluoromethylated aziridines in moderate to excellent yields (37-
95%). This photocatalytic method proceeds between a-trifluoromethylstyrenes
and iminoiodanes as the nitrenes in the presence of Ru(bpy)sCl; as a
photocatalyst irradiated by blue-LED at 470 nm via a single-electron-transfer

process. in (Scheme 4.6).1*%

SO,R!
CFs Ru(bpy)sCl (1.0mol%) g, N 2

AN blue LEDs (470 nm)
i Ph N N
R ©/§ * N7 S0,R! CH,Cly, 40 °C R
30 min. Z

33 examples
Selected examples 37-95% yields

O O O O
() ) T T
CF3><’\I CF3><|,\I Q /é&dl CF3 N

Ph

88% 60% O2N 61% 95%

Scheme 4.6. Ru(ll)-catalyzed and visible-light assisted aziridination reaction

for accessing trifluoromethylated aziridines.

Rastogi et al. (2023) also applied above photocatalytic method (Scheme 4.5)
for the highly diastereoselective synthesis of aziridine derivatives in poor to
good yields (18-62%) involving chalcones instead of a-trifluoromethyl styrenes
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and iminoiodinanes catalyzed by Ru(ll)-complex. This double C-N bond-
making process excels with a variety of substrates and tolerates various

functionalities as shown in (Scheme 4.7).[20]

0]

0 &7 1
<R
RJ\/\W Ph_ _N. Ru(bpy);Cl,.6H,0 (1.0 moI%LR N

+ - 3
= SOR CHClg, 1t, 3-6 h
455 nm Blue LEDs

)
SO,R3

28 examples

18-62% yields

ozs ozs
52% 28% 49%\©\ 41 %\©\

Selected examples

Scheme 4.7. Photoactive Ru(ll)-complex-catalyzed aziridination reaction

using chalcones and iminoiodinanes.

In 2013, Cho et al. synthesized an interesting class of perfluoroalkylated
aziridines by using allylic amines and alkyl fluorides in the presence of 0.5
mol% of Ru(bpy)sClz induced by visible-light. This photocatalytic reaction
resulted in average to good yields (55-65%) (Scheme 4.8).[21]

[Ru(bpy)s]Cl, (0.5 mol%) R

R. A~F TMEDA (2.0 equiv.) N
C,Fon+1l
N ¥ n"2n+1l MSCN (0.25 M), it L CoFanes
14 W ||ght bulb 5 examp'es
Selected examples 57-65% yields
Ph Me
N\ %} NV
I)\/CF?) I>\/C4F9 I)\/CFa
65% 65% 61%

Scheme 4.8. Synthesis of perfluoroalkylated aziridines.

Tang et al. accomplished a highly diastereoselective one-pot two-step
sequential protocol that constructed cis-sulfamidate-fused aziridines in

moderate to high yields by combining allylic ylide and cyclic N-sulfonyl
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ketimines in the presence of t-BuOK, followed by Pd(0)-catalyzed

isomerization in moderate to high yields in (Scheme 4.9).12]

O\\S//O O\\S//O H
O~ RN Ph
Yo © (i) -BUOK (1.2 equiv.), YN/
Me °
R + @Bi s \F"pp —THE.0°C
I\I/Ie (i) Pd(PPh3)4 (10.0 mol%)
Y = 0, none 11 examples
52-86% yields
Selected examples cis/trans = > 99:1
0.0 0._.0 [e) H/ Ph
>8{, H ,— >8<
O N ““/ Ph o N T“//_Ph \ ||||/_
- - Ph
Ph Ph
70%; cis/trans > 99:1 67%; cis/trans > 99:1 82%; cis/trans > 99:1

Scheme 4.9. Sequential one-pot two-step sequential approach to aziridinations.

In 2016, Ma et al. developed a highly enantio- and diastereoselective sequential
one-pot two-step reaction between cyclic N-sulfonyl imines and B-keto acids
catalyzed by Cul/Ph-Box as a combined catalytic system via the
decarboxylative Mannich reaction, followed by the oxidative C-H aimination
using Kl and TBHP as an oxidant, leading to fused aziridine derivatives in good
to high yields (46-83%) (Scheme 4.10).1%1

05420 0520
o SN 0 o (i)Cul/Ph-Box (5.0 mol%) oSN, R
| . Jj\/u\ THF, 0°Cfor3 h .
R_,\ R' =~ R? OH (ii) K1 (2.0 equiv.), TBHP (2.0 equiv.) R R 0
T rt, 12-72 h L~
24 examples
Selected examples 46-83% yields

ee = 80-87%
05420 0520 N 05420
N L oSN, Ph oSy ph
O (0] O
H H H
CO,Me F
81%, 87% ee 46%, 80% ee 50%, 82% ee 53%, 86% ee

Scheme 4.10. Copper(l)-catalyzed one-pot enantioselective access to fused

aziridines.
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In 2017, Xu et al. reported a sequential one-pot two-step enantioselective
method involving N-sulphonyl ketimines with unfunctionalized ketones via
asymmetric Mannich reaction using 20 mol% organocatalyst, followed by
intramolecular C-H amination catalyzed by CuBr» in the presence of Kl and
TBHP as an oxidant to deliver multi-substituted chiral fused aziridines in good
to excellent yields (72-93%) in Scheme (4.11).[24]

O O\
=0 ~g=0
gL = SN j\ (i) cat. (20.0 mol%) , TFA, CHCl3, 35°C o1 I N S\N
| / + !
Z Me™ “R? (ji) CuBr, (10.0 mol%), KI (2.0 equiv.) Z R2
CO,R TBHP (3.0 equiv.), THF RO,C
Me O  Bn 27 examples
Me ' N 72-93% yields
H ee = 83-98%
NH, OH
Selected examples cat.
S O
Me
CF3 S O
Ph
EtO,C
2 EtOZC Meozc MeOZC
92%, 94% ee 74%, 98% ee 72%, 96% ee 81%, 91% ee

Scheme 4.11. Asymmetric aziridination reaction of N-sulphonyl ketimines and

ketones.
4.2.2 Conclusion

The above discussion highlighted that the synthesis of substituted aziridines
utilizing Ir(111)/Ru(I1)-based photocatalysts often presents challenges, including
high costs, limited availability, and reduced efficacy in terms of reduction
capabilities. These factors may hinder the realization of their extensive
potential, practicality, and scalability. Additionally, the methods outlined face
several issues, such as the need for excess base and additional oxidants, lower
atom economy, multi-step processes, and prolonged reaction times.
Furthermore, the synthesis of functionalized aziridines is crucial for the
structural integrity of bioactive natural products and pharmaceutical
compounds. Consequently, developing an efficient one-pot strategy to generate
a diverse library of sulfamidate-fused aziridines is both relevant and highly

compelling.
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4.3 Present work

Given the importance of aziridine moieties, developing an efficient,
environmentally benign, photoactive copper-complex catalyzed one-pot
technique for the highly diastereoselective access to a diverse set of sulfamidate-
fused aziridines is a substantial challenge in the organic and medicinal
chemistry. Towards this goal, we surmised that the synthetically useful a-aryl
vinyl azides [?5-%6] may generate nucleophilic iminyl radicals in the presence of
photoactive copper-salt under visible light irradiation which would involve
Mannich reaction with cyclic N-sulfonyl imines, followed by an intramolecular
oxidative C-H amination of the resultant Mannich adducts to give the targeted

fused aziridines.

0O+ -0 0+~ -0
>S< >S<
X N
| Photocatalyst
o : : J—\ Cu(l)-complex (cat) 0 :
b blue LEDs

S

X =0 or none

Scheme 4.12. Copper(l)-photocatalyzed synthesis of substituted sulfamidate

fused aziridines.

As part of our ongoing research interest towards the development of sustainable
methods for preparing pharmacologically reputable aza-heterocycles using
cyclic N-sulfonyl imines, 2”281 herein we wish to report a visible-light-induced
and Cu(l)-photocatalyzed diastereoselective aziridination reaction of cyclic N-
sulfonyl imines with vinyl azides, leading to substituted sulfamidate fused
aziridines via a selective C-C/C-N/C=0 bond-making event. (Scheme 4.11)

4.4 Results and discussion

4.4.1 Optimization of the reaction conditions

We initiated the optimization reaction between N-sulfonyl imine 1a and vinyl
azide 2a as model substrates using 10 mol% of Cul irradiated by 5W of blue
light-emitting diode (LED) at 450 nm in MeCN:H.O (50:1) at room
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temperature. Amazingly, after 24 h, this process led to an exciting class of
sulfamidate-fused aziridine 3aa in 32% yield with excellent diastereoselectivity
(99:1 dr, Table 4.1 entry 1). The chemical structure of 3aa was assigned by its
spectroscopic data (*H NMR, ¥C NMR, HRMS, and SC-XRD data). The ‘H
NMR spectrum of 3aa exhibits 2 aliphatic protons in the range of 4.29-4.71 ppm
and 9 aromatic protons in the range of 7.18-8.11 ppm. 3C NMR spectrum of
3aa shows 1 carbonyl carbon peak at dc=0 = 189.1 ppm, 2 aliphatic carbon peaks
at47.7 and 45.1 ppm, and 10 aromatic carbon peaks (149.8, 135.0, 134.8, 130.7,
129.6,129.1,129.0,127.0, 119.5, 118.1 ppm). The molecular ion peak [M+Na]*
at 302.0484 in the HRMS spectrum corresponds to the molecular weight
301.0409 of the desired compound 3aa. The relative stereochemistry of 3aa
was trans to be assigned by its single-crystal-X-ray diffraction data (CCDC
number 2264093, for the details, see Figure 4.2 and Table 4.5).

The above outcomes exhilarated us to delve into this aziridination reaction in
more detail. Interestingly, using 10 mol% of Cul with 10 mol% of several
pyridine-based ligands such as 2,2-bpy (L1), 4,4-bpy (L2), 1,10-
phenanthroline (L3), neocuproine (L4) and pyridine (L5), significant
enhancement rate of this aziridination reaction was observed in the case of L1,
L3 and L4 to afford 3aa in 74% (entry 2), 75% (entry 4) and 72% (entry 5)
yields, respectively, after 16h. However, L2 and L5 did not affect the annulation
reaction rate much, leading to moderate yields (45% and 42%, respectively) of
3aa. Thus, considering the cost of L1 (2,2'-bpy) as a ligand, it was chosen for
further transformation. Further examination of different copper salts (CuCl,
CuBr, Cu(OACc)2, CuCly, and CuBr») ligand L1 led to unsatisfactory results (13-
59% vyields of 3aa, entries 7-11). Furthermore, other photocatalysts such as
Ru(bpy)sCl., eosin Y, and rose Bengal failed to promote this reaction (entries
12-14). Therefore, merging Cul and L1 (1:1) showed the best photocatalyst
compared to others tested for this reaction. Next, we focused on examining the
common solvent effect in the reaction. Results indicated that the reaction
proceeded nicely in acetone (71%, entry), THF (70%), CH2Cl> (65%), except
DMSO (9%) and DMF (10%). Moreover, when the reaction was irradiated by
either a white LED light (WL), green LED light (GL), or sunlight (SL),
unsatisfactory yields (35%, 55%, or 28%, respectively, entries 20-22) of product
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3aa were obtained. It should be noted that using 5 mol% of Cul/L1, the reaction
led to 3aa in 52% yield (entry 23). Moreover, when the reaction was carried out
in dry MeCN, the yield of 3aa was dropped to 25% (entry 24, Table 4. 1).

Table 4.1. Optimization of the reaction conditions.?*

0. .0 Conditions 0
:S: catalyst (10 mol%) N Ph

i» iph e o @ﬁ

O O
\ 7
CI)
7 \\

2,2'-bipyridine 4,4'-bipyridine  1,10- phenanthrollne neocuprome pyridine
(L1:2,2'-bpy) (L2:4,4'-bpy) (L3:phen) (L4) (L5)

Entry | Catalyst Ligand | Light | Solvent Yield

(%)Pe

1¢ Cul - BL MeCN: HO |32

2 Cul L1 BL MeCN : H20 74

3 Cul L2 BL MeCN : H20 45

4 Cul L3 BL MeCN : H20 75

5 Cul L4 BL MeCN : H20 72

6 Cul L5 BL MeCN : H20 42

7 CuCl L1 BL MeCN : H20 13

8 CuBr L1 BL MeCN : H2O |59

9 Cu(OAc)2 L1 BL MeCN : HO | trace

10 CuCl; L1 BL MeCN : H20 10

11 CuBr; L1 BL MeCN : H.0 45

12f Ru(Il)- - BL MeCN : H.O | trace

13 EosinY - BL MeCN : HO | trace

14 RB - BL MeCN : H2O | trace

15 Cul L1 BL DMSO:H0O |9

16 Cul L1 BL DMF : H20 10

17 Cul L1 BL acetone: H.O | 71

18 Cul L1 BL THF : H20 70
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19 Cul L1 BL CH:Cl2: H:O | 65
20 Cul L1 WL MeCN : H20 35
21 Cul L1 GL MeCN : H20 55
22 Cul L1 SL MeCN : H20 28
23° Cul L1 BL MeCN : H20 52
249 Cul L1 BL MeCN 25

4Unless otherwise noted, all the reaction was carried out with 1a (0.2 mmol),
2a (0.4 mmol), catalyst (10 mol%), and ligand (10 mol%) in specified solvent:
H20 (2.0 mL, 50:1) under four 5W blue LEDs light (450 nm) irradiation at room
temperature in an argon atmosphere for 16h. "lsolated yield after column
chromatography. °Diastereomeric ratio (dr = 99:1) was determined by the
integration of the corresponding *H NMR peaks attached C1(sp®)- and C2(sp®)-
H of the crude product 3aa. “Reaction time was 24 h. ®5 mol% of Cul and L1

used. "Ru(bpy)sCl, was used. Reaction was carried out in dry MeCN.

Next, we performed several control experiments to better understand the
mechanism as depicted in Scheme 4.13 For instance, when the reaction is
conducted without Cul (Scheme 4.13a) or in the absence of light (dark)
(Scheme 4.13b), it does not lead to product 3aa or gives an inferior result.
Therefore, both the catalyst and light are essential for this transformation. Next,
the replacement of vinyl azide 2a with azirine 3a makes the cyclization reaction
sluggish, producing 3aa in a low yield (19%) under standard conditions
(Scheme 4.13c). Moreover, using acetophenone and cyclic imine 1a as coupling
partners, the reaction did not happen (Scheme 4.13d). Therefore, the above
results indicate that the target product 3aa is unlikely to originate from either
3a or acetophenone during the reaction. Furthermore, the aziridination reaction
was completely inhibited by using an excess amount of TEMPO (5.0 equiv) or
BHT (6.0 equiv) as the radical scavenger. Instead, the formations of radical
trapped TEMPO adduct 7 (m/z=(M+H]* =276.1954, Scheme 4.13¢e) and BHT-
adduct 8 (M+H]" =339.2357, Scheme 4.13f) were detected by LC-MS. It
suggests that photoinduced Cu(l)-catalyzed C-C/C-N bond-forming reaction
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may proceed through a radical pathway. It is fruitful to note that under an O

atmosphere, product 3aa was obtained with a diminished yield (55%). Thus, the

current protocol is more compatible with an inert condition than an O
atmosphere (Scheme 4.13g). Moreover, the light ON-OFF experiment indicates
that continuous visible light irradiation is required for this photochemical

conversion (See Table 4.7).

4.4.2 Control experiments

O3g7° L1 (10.0 mol%) O3¢7°
o” N blue-LEDs, rt, argon 07 "N Ph
- J\ CH3CN:H,0, 14 h_
a) Ph”" N3 without Cul y,
1a 2a 3aa: yield = 0%

Cul (10.0 mol%)
L1 (10.0 mol%)
dark, rt, argon

b) CH3CN:H,0, 14 h

1a + 2a 3aa: yield = 7%
Cul (10.0 mol%)
L1 (10.0 mol%)
blue-LEDs, rt, argon
c N HaCN:H,0, 14 h
) 1a /A CH,CN:Ho0, 14 1 3aa: yield = 19%
Ph 3a
0 standard
d) 1a + )]\ conditions xX— 3aa: yield = 0%
Ph Me
(e}
standard )K/O Me ~ Me
(':rcl)Enlallygn(ss 0 equiv.) Ph °N
e) 1a + 2a D equiv) - 3aa +
ia1d = (9 Me
yield = 0% Me
7 (detected by HRMS)
o
)J\/O Me
standard Ph
1 " conditions _ 3a2a +
f) a + a iv) Me Me
BHT (5.0 equiv.) yield = 0%
Me O Me Me
8 (detected by LC-MS)
Standard
9 1a + 2a conditions 3aa: yield = 54%

O, atmosphere

Scheme 4.13. Control experiments.
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4.4.3 plausible mechanism

Based on the control experiments, a plausible mechanism for this aziridination
reaction is depicted in Scheme 4.14. The first step may involve the
complexation between Cul and ligand L1 to form a Cu(l)L1-complex [see the
color-changing experiment (Figure 4.6) and UV-vis spectra (Figures 4.7-4.8).
Then, the in situ generated Cu(l)L1-complex absorbs blue LEDs light to form
an electron-rich photoexcited Cu(l)L1* species (Ecy' /cu"= 0.75 V), which
triggers a single electron transfer (SET) that may reduce vinyl azide 2a (Ereq = -
0.53 V) to vinyl azide anion radical 9. The latter undergoes a denitrogenative
decomposition to form an iminyl-Cu(ll) radical 10. This nucleophilic
carboncentered radical attacks the C=N bond of 1a to form another iminyl-
copper(I) radical 11. Next, the intramolecular 1,3-Cu(ll) migration and HAT
(hydrogen-atom-transfer) of 11 may lead to an organocopper(ll) species 12 and
subsequent hydrolysis to give a radical intermediate 13. The latter prone to the
oxidative cyclization to afford aziridine 3aa and regeneration of Cu(l)- complex
for the next cycle. The outcome of excellent diastereoselectivity may be
explained by the possible four-membered organocopper(lll) transition states
TS1 and TS2 (path A). In the case of TS1, the orientation of benzoyl and aryl
part of sulfamidate is opposite, stabilizing the TS1 due to the minimum steric
repulsion compared to unfavorable TS2, which leads to 3aa with the desired

\\//
P

\ /,
/ \\

Cu(I)L1
@N - [Cu(l)L1] %‘\6
. N~ [Cu(iL1] Ph
JL Cu(l)L1 @P‘
Ph N3 SET C/&« denltrogenatlon )\\—/ \'\“
C-| N bond HH  [Cu(L1]
2a 10 making 11

0] (¢]

\\//
P

1,3Cu()] O~ °N- N—[Cu(ll)L1] 0~ “N—[Cu(l)L1]

migration hydroly5|s path A \\ \I_‘I
\\\\\\ “, 0
[Cu(L1] [Cu(II)L1] ﬁ Ph//

/ TS1: favourable TS2: unfavourable
(0] 0] {(\

-Cu(i)L1 Ss7.  Ph 9”“\,0“‘\

reductive o M (Vi G\)\“\'

elimination f o -

(0]

O Oy O
No? Ng? \\//
-9~ /\ /\

w
W

Scheme 4.14. A plausible mechanism.
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trans-isomer. Alternatively, without forming a four-membered Cu(lll)-
complex, the desired 3aa may be generated directly from Cu(Il)-complex 13 via

a reductive elimination in path B.
4.4.4 Substrate scope

Having optimal reaction conditions in hand, we next delved the generality and
scope of this [LIC1N+1C] aza-cyclization reaction by reacting a set of cyclic N-
sulfonyl aldimines and a-aryl vinyl azides as one carbon atom units for aziridine
ring synthesis catalyzed by in situ generated photoinduced Cu(l)-complex
irradiated by blue LEDs light. As shown in Table 4.2, azides (2b-20) having
electron-donating (Me, MeO and t-Bu) and electron-withdrawing (Ph, F, CI, Br,
and CF3) substituents on the aryl rings at ortho-, meta- and para positions
smoothly cyclized with 1a, producing the corresponding aroyl-substituted fused
aziridines (3ab-3ao) with excellent diastereoselectivities (up to 99:1 dr).
Notably, the obtained yields of electron-donating substituted aziridines 3ab,
3ac, 3ad, 3aj and 3am (76%, 75%, 68%, 68% and 73% yields, respectively) are
slightly higher than those electron withdrawing ones (3ae-3ao; 57-67% yields).
Furthermore, vinyl azide with a bulky naphthyl group can also participate in this
C-C/C-N/C=0 bond-forming reaction, affording a good yield (72%) of 3ap.
Next, cyclic imines (1b-1l) adorned with electron-poor halogen atoms (F, ClI
and Br) and a number of electron-donating (Me, MeO and EtO) and at C6, C7
and C8 positions on the benzene rings showed good reactivitiy towards the
aziridination reactions with a wide array of vinyl azides under the enriched
photocatalytic system, resulting in the corresponding aziridines (3ba-3kg) with
excellent diastereoselectivities However, the acquired yields in the case of
electron-withdrawing substituents are, to some extent, higher than those of
donating ones. Moreover, N-sulfonyl imine derived from a sizeable 1-hydroxy-
2-naphthaldehyde was also a suitable substrate that resulted in 70% yield of
3ma. It should be noted that alkyl-substituted vinyl azide (2r) did not react with
cyclic imine la under present conditions. Furthermore, the introduction of a
strong electron-withdrawing NO- group on the aryl part of vinyl azide or cyclic
imine did not participate in this azacyclization reaction. Nevertheless, not only

a strained aziridine moiety but also other valuable substituents such as Me, t-
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Bu, MeO, EtO, F, Cl, Br, CFs, aryl, Bz, and N-SO3z were achieved by this

method.
0.0
O/S\N Cul (10.0 mol%), L1 (10.0 mol%)
| MeCN:H,0 (50:1), rt, argon
N + 7" "N3 5W blue LEDs, 16-26 h
Rf _ ! _— Rf
b
L\ B 2a: X = H; 2g: X = 4-CI; 2m: X = 3-Me Yot 3aa.3a8
oA 2b: X = 4-Me; 2h: X = 4-Br; 2n: X = 3-F Sy Jaa-
1;:?:;':,"‘ ﬁ RG NéeOMeZC X = 4-OMe; 2i: X = 4-CF; 201 X = 3-Br
o e’,._ - 2d: X = 4-t-Bu; 2j: X = 2,4-Mey; 2p: X = 2-naphthyl
1c:R=8-OMe;1j:R=6-F 207~
T AN 2e: X = 4-Ph; 2k: X = 2-Cl; 2s: X = 4-NO,
1d: R=8-0Et1k: R = 6-Cl 5ct = " B e
1e: R = 8-Cl;1l: R = 6-Br -
1f: R = 7-Me;1m: naphthyl
19: R=7-Cl;1q: R = 6-NO,
3aa:X=H, 74%, 99:1 dr
OO [ 3abiXeMe, 76% Osq /o 050 O\ /O o
0" °°N 3ac:X=0OMe, 75% / / °N

3ad:X=t-Bu, 68%
3ae:X=Ph, 66%

O H O 3af:X=F, 65% O
3ag:X=Cl, 67%

3ah:X=Br, 64% o o
7
X 3ai:X= CFy, 62% X 3aj:X=H, 68% Me 3ak:X=Cl, 59/0 3am:X=Me, 3/o

3jj:X=F, 70% 3al:X=Br, 57% g:g-i—g 6676°/:/
3kj:X=Cl, 69% B B0
O\\S//O \\S//O 0.0
oN__ P o NP BN o
O N al
ph Me MeO
X " O
3ca:R = OMe, 69% 3ba:X =H, 71% 3ck: 65%
3da:R = OEt, 67% 3bb:X= Me, 69% X
e
>ST
N o}
Ph
H
3fa: 71%

3ha:R = Me, 69%
3ia:R = OMe, 67%
3ja:R =F, 74%
3ka:R = Cl, 75%
3la:R = Br, 73%

3fb:X=Me, 69%
3fh X=Br, 66% 3ga: 75%
O‘\S//O O‘S/

N o >N, P
Me 3kb: 7 Q 3ma 70% Q
3as: yield = 0%
O

R3IM:R = F, 73% Meo o NO,
3km:R = Cl, 74% O .0 STy
S (0] (6)

O N

h
P

H
3ar: yield = 0%

3qga: trace
(&7}

Table 4.2. One-pot access to fused aziridines (3aa-3as).
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Next, a challenging coupling partner like a-aryl-p-substituted vinyl azide 2q
also underwent aziridination reaction with 1c under standard conditions to give
a lower yield (33%) of 3cq bearing a tetrasubstituted chiral carbon center after
30 h (Scheme 4.15).

0.0 0.0
oSN Me  cul (10.0 mol%), L1 (10.0 mol%) oSN o)
| MeCN:H,0 (50:1), rt, argon
MeO ' MeO
e . N5 5W blue LEDs, 30 h e O
MeO
1c 2q 3cq: 33%, 95:5 dr

OMe

Scheme 4.15. Aziridination reaction using a B-methyl-a-aryl vinyl azide.

To further expand this robust photocatalytic reaction, we chose 5-membered
cyclic N-sulfonyl imine (1n) as the 1C1N source to carry out the cyclization
reaction with vinyl azide 2a, capable of delivering fused aziridine in 78% vyield
and 99:1 diastereomeric ratio (Scheme 4.16). Gratifyingly, a sterically hindered
six-membered N-sulfonyl ketimine 1o was employed in the aziridination
reaction with 2a that led to 36% yield of a targeted aziridine 3oa together with
the Mannich adduct 6oa (21% yield) after 32 h. However, replacing the CO2Et
group of 1o with a methyl one failed to give the product 3pa.

Cul (10.0 mol%), L1 (10.0 mol%)

,0
3 MeCN:H,0 (50:1), rt, argon \é\/
)L 5W blue LEDs, 16 h N
/ + N3
Me Me o)
H
1n 2a 3na: 78%, 99:1 dr Ph
0520 Cul (10.0 mol%), L1 (10.0 mol%) O, O 05420
0" °N MeCN:H,0 (50:1), rt, argon oSN Ph  O0"°NH O
. Ny~ “Ph 5W blue LEDs, 32 h
CO,Et o} Ph
CO,Et * CO,Et
10 2a 3o0a: 36%, 95:5 60a: 21%
0520 N //O
oSN Cul (10.0 mol%), L1 (10.0 mol%) o S< 0
\ MeCN:H,0 (50:1), rt, argon
Me , Ny~ “Ph 5Wblue LEDs, 24 h e PP
1p 2a 3pa: trace

Scheme 4.16. Aziridination reaction using 5- and 6-membered N-sulfonyl

imines.
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To highlight the synthetic potential of highly strained fused aziridines, we began
the reaction between 3aa and NH>.OH.HCI in the presence of NaOAc in EtOH
at room temperature for 48 h. Surprisingly, this reaction concocted 73% yield
of a vital class of benzo[f]isoxazolo[4,5-d][1,2,3]oxathiazepine 5,5-dioxide 4aa
with a single diastereomer (Table 4.3). Interestingly, the obtained bis-
heterocycle containing important classes of isoxazolinel®%1 and
benzo[f][1,2,3]oxathiazepine 2,2-dioxideB*2l may show individual ring‘s
unprecedented biological action or synergistic bioactivity. Therefore, this novel
ring expansion concept was applied to other sulfamidate-fused aziridines (3ae-
3fo) under identical conditions. Pleasantly, they converted into the
corresponding 6-7-5 tricyclic products 4ae-4fo in 66-78% yields with
outstanding diastereoselectivities via a selective endo C-N bond scission of
aziridine ring. Moreover, the trans-configuration of 4fa was unequivocally
determined by its single-crystal X-ray diffraction data (CCDC 2264094 for
more details Figure 4.3 and Table 4.6). As noted, synthesizing the above bis-
heterocyclic building blocks is either difficult to access or inaccessible by the
reported methods. Therefore, the current transition-metal-free method would

affirmatively pave the way for their practical access.

O:\S/:ﬁ o  NHOH.HCI (5.0 equiv.

(6] NaOAc (7.0 equiv.)
EtOH, rt, 48-60 h
X R
X7 H
¥

3aa-3fo

4aa: 73%, dr>99:1 4ae: X = t-Bu, 73% 4bi: X = CF3, 74%
4ag: X = Cl, 75% 4bf: X = F, 78%
0} O
Osg—NHH Ph Oss_NHH Ph
o} ; o —

MeO

4ca: 70% Me 4fa: 73% Me 4fo: 71%

Table 4.3. Transition-metal-free access to benzo[f]lisoxazolo[4,5-
d][1,2,3]oxathiazepine 5,5-dioxides (4aa-4fo).
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We further highlighted the synthetic usefulness of acquired aziridines. The
compound 3aa was treated with EtsN (2.0 equiv) in MeCN at 55°C (Method A,
Table 4.4). Pleasantly, after 12h, an exciting class®334 of seven-membered
ene-sulfonamide 5aa in 79% yield was achieved via a selective cleavage of the
endo C-N bond. Similarly, this ring-elongation method could convert other
aziridines 3ba, 3bb, 3ca, and 3fa into the corresponding ene-sulfonamides 5ba,
5bb, 5ca, and 5fa in 79-83% yields with 100% atom-economy. Interestingly, at
80°C, 5-membered sulfonamide-fused aziridine 3na was also transmuted into
the desired 6-membered ene-sulfonamide 5na in a moderated yield of 34%.
Alternatively, this ring expansion reaction also succeeded using 1.0 equivalent
LiAIH4 (acting as a base) in dry THF at 55 °C (method B). Results indicated
that the obtained yields by method B were somewhat lower (61% and 66% for

5aa and 5af, respectively) than those achieved by method A. It should be noted

Os 0 0
v, P Oss-nH R
Method A: Et;N (2.0 equiv.) Y p
‘ A R _MeCN,55°C,12h N O
Xw H Method B: LiAIH, (1.0 equiv)  xf H
3aa-3fa THF, 55 °C, 12 h =
) 5aa-5na
Y=0
Y EMOMe .
o) benzylic o o 0:+.-0 '
Oss“nH Ph C-Nbond °SZ0 - 0 oSN, P 3
o cleavage . z not favourable !
/ O E1cB pp, deprotonation ’ H‘) Ph  E2-type 5aa
H  protonation H ﬁEt Et3i\i protonation |
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Table 4.4, Base-assisted ring-expansion strategy  to 3H-

benzo[f]1,2,3]oxathiazepine 2,2-dioxides (5aa-5na).
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that the ring expansion reaction may proceed through an abstraction of C(sp®)-
H proton attached to the benzoyl group of 3aa to generate a stable carbanion
intermediate (3a), followed by the cleavage of the benzylic C-N bond (E1cB
pathway). This endo C-N bond cleavage may not be possible through the E2
mechanism due to the non-fulfillment of anti-coplanar orientation between the
C-H sigma and C-N bonds of 3aa.

For the continuation of the synthetic utility of fused-aziridine, the compound
3fa was selectively hydrogenated external C-N bond of aziridine ring in the
presence of 10 mol% Pd/C under Hz-balloon at room temperature for 20 min.
This process delivered 91% vyield of 6fa having a pharmacologically attractive

B-keto sulfonamide moiety5-%1Scheme 4.17.

03,0 10 mol% Pd/C (cat) 0. _O
~9O~ O H,-balloon >S<
O N 2
EtOAc, rt, 20 min. 0 NH Q
Ph >
7 Ph
Me Me
3fa 6fa: 91% vyield

Scheme 4.17. Pd/C-catalyzed hydrogenation of exo-C-N bond of aziridine 3fa.
4.5 Conclusion

In this chapter, a facile visible-light assisted diastereoselective [2+1] aza-
cyclization reaction between cyclic N-sulfonyl imines and a-aryl-substituted
vinyl azides using in-situ generated Cu(l)-complex as a photocatalyst was
developed. This radical-initiated C-C/C-N/C=0 bond-making process offers a
new strategy for enabling a series of sulfamidate-fused aziridine building
blocks. Overall, this technique has several positive features such as easy to
handle, use of cheap earth-abundant copper(l)-photocatalyst, room temperature,
excellent tolerance of functionality, broad substrate scope, satisfactory chemical
yields, excellent diastereoselectivities, and environmentally benign.

Intriguingly, the versatility of the resultant aziridines has been demonstrated by
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synthesizing historically unexplored benzol[f][1,2,3]oxathiazepine dioxides and

fused isoxazolines through a metal-free based ring elongation method.
4.6 Experimental Section

General procedure for the synthesis of compounds 1 and 2: All the cyclic
sulfamidates (1a-10)B7-%1 and vinyl azides (2a-p)“°-421 were synthesized by
literature known procedures. All the starting materials were known in the

literatures. All the catalysts were purchased from commercial suppliers.

Representative procedure for the synthesis of 3aa-3pa: A mixture of 1 (0.2
mmol), 2 (0.4 mmol), and 2,2"-bpy (10 mol%) in MeCN:H20 (2.0 mL, 50:1)
was taken in a screw-capped test tube (25 mL), followed by degassing with
argon (four times). Then Cul (10 mol%) was added to this solution. The mixture
was further stirred under the irradiation of blue LEDs (4x5W, 460 nm) at room
temperature for 24h. After the completion of the reaction, the reaction mixture
was extracted with ethyl acetate (3 x 10 mL) and dried over Na,SO4. The
combined organic phases were evaporated under reduced pressure to give the
crude mass which was purified by flash column chromatography using 5 to 10%
EtOAc in hexane, affording aziridine 3aa-3pa as a white solid. The products
were characterized by their spectroscopic data (*H, **C NMR, and HRMS data).

Representative  experimental procedure for the synthesis of
Benzo|[f]isoxazolo[4,5-d][1,2,3]oxathiazepine 5,5-dioxides (4aa-4fo): The
aziridine (0.1 mmol), NH2OH.HCI (0.5 mmol) and NaOAc (0.7 mmol) in EtOH
(5.0 mL) were taken in a round bottom flask under an argon atmosphere. The
reaction mixture was stirred at room temperature. After completion of the
starting material, ethanol was removed by a rotary evaporator under reduced
pressure to leave the crude product, which was extracted by ethyl acetate (3 x
10 mL), washed with brine solution, and dried over Na>SOa4. All the extracted
solvents were evaporated to give the impure product. Then, it was purified by
column chromatography over silica-gel using a mixture of EtOAc/hexane
(85:15), providing the expected dihydro-4H-benzo[f]lisoxazolo[4,5-
d][1,2,3]oxathiazepine 5,5-dioxide. All the products were characterized by *H,
13C NMR and HRMS data.
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Typical procedure for the synthesis of compound 5aa-5na: To a stirred
solution of aziridine 3 (0.1 mmol) in dry MeCN (1.0 mL) was added EtzN (0.2
mmol) at 60 °C under an argon atmosphere. The reaction mixture was continued
stirring for 12h. Afterwards, the reaction mixture was extracted with ethyl
acetate (3 x 10 mL), washed with brine solution, and dried over Na,SOa4. All the
combined organic phases were evaporated to give the crude product which was
purified by column chromatography over silica-gel using a mixture of
EtOAc/hexane (1:15), providing the expected ring expansion product 5. their
spectroscopic data (*H, **C NMR and HRMS) characterized the product.

Procedure for the synthesis of compound 6fa: The compound 3fa (0.12
mmol) in ethyl acetate (5.0 mL) was taken in a two-neck round-bottom flask,
followed by the addition of 10% of Pd/C (10 mg) at room temperature under
H-balloon. Then, the reaction mixture was degassed two times. Then the
reaction mixture was vigorously stirred for 20 min. After that, it was filtered off
through a celite 545 and washed with EtOAc (3 x 15 mL). Then, the filtrate was
concentrated to give the crude product. The residue was purified by column
chromatography over silica-gel using a mixture of EtOAc/hexane to give a pure
product 6fa.
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Photochemical reaction set-up:

Characterization data:

((1R*,8bS*)-3,3-Dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3aa): Colorless solid;
mp 142-144 °C; yield = 74% (44.6 mg); dr = 99:1; Rt = 0.22 (EtOAc/Hexane =
15:85); *H NMR (500 MHz, CDCl3) 6 8.11 (d, J = 7.5 Hz, 2H), 7.68 (t, J = 7.2
Hz, 1H), 7.56-7.52 (m, 3H), 7.45 (t, J= 7.6 Hz, 1H), 7.34 (t, ) = 7.4 S4 Hz, 1H),
7.18 (d, J =8.1 Hz, 1H), 4.71 (d, J = 3.2 Hz, 1H), 4.30 (d, J = 3.0 Hz, 1H) ppm;
13C NMR (125 MHz, CDCls3) § 189.1, 149.8, 135.0, 134.8, 130.7, 129.6, 129.1,
129.0, 127.0, 119.5, 118.1, 47.7, 45.1 ppm; HRMS (ESI-TOF) m/z calcd for
C1sH12NO4S [M+H]": 302.0482, found 302.0484.

((1R*,8bS*)-3,3-Dioxido-1,8b-dihydroazirino[1,2-

c]benzo[e][1,2,3]oxathiazin-1-yl)(4-methylphenyl)methanone (3ab):
Colorless solid; mp 140-142 °C; yield = 76% (47.9 mg); dr = 99:1; R = 0.33
(EtOAc/Hexane = 15:85); *H NMR (500 MHz, CDCls) 6 8.01 (d, J = 8.2 Hz,
2H), 7.52 (dd, J = 7.6, 1.3 Hz, 1H), 7.48-7.42 (m, 1H), 7.34-7.31 (m, 3H), 7.17
(d, J=8.1 Hz, 1H), 4.69 (d, J = 3.6 Hz, 1H), 4.29 (d, J = 3.6 Hz, 1H), 2.45 (s,
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3H) ppm; C NMR (125 MHz, CDCls) & 188.6, 149.8, 146.1, 132.6, 130.6,
129.8, 129.5, 129.1, 127.0, 119.5, 118.2, 47.7, 45.1, 21.8 ppm; HRMS (ESI-
TOF) m/z calcd for C16H14NO4S [M+H]*: 316.0638, found 316.0638.

((1R*,8bS*)-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]Joxathiazin-1-yl)(4- methoxyphenyl)methanone (3ac):
White solid; mp 146-148 °C; yield = 75% (49.6 mg); Rs = 0.20 (EtOAc/Hexane
= 15:85); 'H NMR (500 MHz, CDCls) § 8.10 (d, J = 8.7 Hz, 2H), 7.52 (d, J =
7.4 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.33 (t, J = 7.5 Hz, 1H), 7.16 (d, J = 8.1
Hz, 1H), 7.00 (d, J = 8.7 Hz, 2H), 4.66 (d, J = 3.5 Hz, 1H), 4.29 (d, J = 3.4 Hz,
1H), 3.90 (s, 3H) ppm; *C NMR (125 MHz, CDCl3) & 187.2, 164.9, 149.8,
131.5, 130.6, 129.6, 128.1, 126.9, 119.5, 118.3, 114.4, 55.6, 47.6, 45.1 ppm;
HRMS (ESI-TOF) m/z calcd for Ci16H13NNaOsS [M+Na]*: 354.0407, found
354.04009.

((1R*,8bS*)-(4-(tert-Butyl)phenyl)-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)methanone (3ad): Colorless solid; mp 130-
132 °C; yield = 68% (48.6 mg); dr = 99:1; R¢ = 0.40 (EtOAc/Hexane = 15:85);
'H NMR (500 MHz, CDCl3) § 8.05 (d, J = 8.5 Hz, 2H), 7.56 (d, J = 8.5 Hz, 2H),
7.52 (dd, J =5.8, 1.5 Hz, 1H), 7.45-7.42 (m, 1H), 7.34-7.31 (m, 1H), 7.17 (d, J
= 8.1 Hz, 1H), 4.69 (d, J = 3.6 Hz, 1H), 4.28 (d, J = 3.6 Hz, 1H), 1.35 (s, 9H)
ppm; 2C NMR (125 MHz, CDCl3) § 188.6, 158.9, 149.8, 132.5, 130.6, 129.5,
129.0,127.0,126.1,119.5, 118.2, 47.6, 45.2, 35.4, 30.9 ppm; HRMS (ESI-TOF)
m/z calcd for C19H19NNaO.S [M+Na]*: 380.0927, found 380.0927.

((1R*,8bS*)[1,1'-Biphenyl]-4-yl-3,3-Dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)methanone (3ae): Colorless solid; mp 148-
150 °C; yield = 66% (49.8 mg); dr = 99:1; R¢ = 0.33 (EtOAc/Hexane = 15:85);
'H NMR (500 MHz, CDCls3) 6 8.19 (d, J = 8.1 Hz, 2H), 7.77 (d, J = 8.1 Hz, 1H),
7.69-7.59 (m, 3H), 7.55-7.43 (m, 5H), 7.35 (t, J = 7.4 Hz, 1H), 7.19 (d, J = 8.1
Hz, 1H), 4.74 (d, J = 3.3 Hz, 1H), 4.32 (d, J = 3.2 Hz, 1H) ppm; 1*C NMR (125
MHz, CDCls) & 188.6, 149.9, 147.5, 139.3, 133.7, 132.2, 130.7, 129.6, 129.0,
128.8,127.7,127.3,127.0,119.5,118.1, 47.7, 45.2 ppm; HRMS (ESI-TOF) m/z
calcd for C21H1sNNaO4S [M+Na]*: 400.0614, found 400.0615.
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((1R*,8bS*)-3,3-Dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)(4- fluorophenyl)methanone (3af):
Colorless solid; mp 140-142 °C; yield = 65% (41.5 mg); dr = 99:1; Ry = 0.31
(EtOAc/Hexane = 15:85); 'H NMR (500 MHz, CDCls) & 8.14-8.02 (m, 2H),
7.45(dd, J=7.6, 1.2 Hz, 1H), 7.38-7.35 (m, 1H), 7.26 (q, J = 7.1 Hz, 1H), 7.18-
7.11 (m, 2H), 7.08 (d, J = 8.2 Hz, 1H), 4.58 (d, J = 3.6 Hz, 1H), 4.21 (d, J = 3.6
Hz, 1H) ppm; 3C NMR (125 MHz, CDCls) & 186.6, 166.6 (d, Jc-e = 256.6 Hz),
148.7, 130.8 (d, Jc-r = 9.5 Hz), 130.4 (d, Jc-r = 2.8 Hz), 129.7, 128.6, 126.0,
118.5, 116.9, 115.4 (d, Jc-r = 21.9 Hz), 46.6, 44.1 ppm; °F NMR (470 MHz,
CDCls) 6 -101.39 ppm; HRMS (ESI-TOF) m/z calcd for C15sH11FNO4S [M+H]™:
320.0387, found 320.0358.

((1R*,8bS*)-(4-Chlorophenyl)-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1- yl)methanone (3ag): White solid; mp 130-132
°C; yield = 67% (44.8 mg); dr = 99:1; Rs = 0.31 (EtOAc/Hexane = 15:85); *H
NMR (500 MHz, CDClz) 6 8.06 (d, J = 8.5 Hz, 2H), 7.55-7.51 (m, 3H), 7.46 (t,
J=7.9Hz, 1H), 7.34 (t, J = 7.5 Hz, 1H), 7.18 (d, J = 8.2 Hz, 1H), 4.64 (d, J =
3.6 Hz, 1H), 4.29 (d, J = 3.5 Hz, 1H) ppm; 3C NMR (125 MHz, CDCl3) 5 188.1,
149.8, 141.5, 133.3, 130.8, 130.4, 129.6, 129.5, 127.1, 119.5, 117.9, 47.6, 45.1
ppm; HRMS (ESI-TOF) m/z calcd for C1sH10CINNaO4S [M+Na]*: 357.9911,
found 357.9912.

((1R*,8bS*)-(4-Bromophenyl)-3,3-dioxido-1,8b-dihydroazirino[1,2-

c]benzole][1,2,3]oxathiazin-1-yl)methanone (3ah): White solid; mp 162-164
°C; yield = 64% (48.5 mg); dr = 99:1; R¢ = 0.31 (EtOAc/Hexane = 15:85); H
NMR (500 MHz, CDCls) 6 7.96 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H),
7.53(d,J=7.3Hz, 1H), 7.45 (t, J = 7.7 Hz, 1H), 7.34 (t, J = 7.5 Hz, 1H), 7.16
(d, J = 8.2 Hz, 1H), 4.64 (d, J = 3.4 Hz, 1H), 4.27 (d, J = 3.2 Hz, 1H) ppm; *C
NMR (125 MHz, CDCIs) 6 188.4, 149.8, 133.7, 132.5, 130.8, 130.4, 130.3,
129.6, 127.1, 119.5, 117.8, 47.7, 45.0 ppm; HRMS (ESI-TOF) m/z calcd for
Ci15H10"°BrNNaO4S [M+Na]*: 401.9406, found 401.9388; HRMS (ESI-TOF)
m/z calcd for C1sH10®'BrNNaO4S [M+Na]*: 403.9386, found 403.9382.

((1R*,8bS*)-3,3-Dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)(4-(trifluoromethyl)phenyl)methanone
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(3ai): White solid; mp 162-164 °C; yield = 62% (45.7 mg); dr =99:1; Rf= 0.27
(EtOAc/Hexane = 15:85); *H NMR (500 MHz, CDCls) & 8.23 (d, J = 8.1 Hz,
2H), 7.81 (d, J = 8.2 Hz, 2H), 7.54 (d, J = 7.3 Hz, 1H), 7.46 (t, J = 7.8 Hz, 1H),
7.35(t, J = 7.5 Hz, 1H), 7.18 (d, J = 8.2 Hz, 1H), 4.68 (d, J = 3.5 Hz, 1H), 4.30
(d, J = 3.5 Hz, 1H) ppm; 3C NMR (125 MHz, CDCls3) & 188.6, 149.8, 137.5,
136.2, 135.9, 135.7, 135.4, 130.9, 129.6, 129.4, 127.1, 126.5, 126.22 (¢, Jc-F =
3.4 Hz),124.4,122.2,120.0,119.6, 117.7, 47.7, 45.2 ppm; °F NMR (470 MHz,
CDCI3) 6 -63.34 ppm; HRMS (ESI-TOF) m/z calcd for CieHi0F3NNaO4S
[M+Na]*: 392.0175, found 392.0175.

((1IR*,8bS*)-(2,4-Dimethylphenyl)-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)methanone (3aj): White solid; mp 178-180
°C; yield= 68% (44.7 mg); Rr = 0.35 (EtOAc/Hexane = 15:85); *H NMR (500
MHz, CDCl3) & 8.07 (s, 1H), 7.53 (dd, J = 7.6, 1.4 Hz, 1H), 7.46-7.43 (m, 1H),
7.35- 7.32 (m, 1H), 7.26 (s, 1H), 7.20-7.15 (m, 2H), 4.53 (d, J = 3.5 Hz, 1H),
4.23 (d, J = 3.5 Hz, 1H), 2.49 (s, 3H), 2.43 (s, 3H) ppm; *C NMR (125 MHz,
CDCl3) 6 190.0, 149.8, 143.9, 139.1, 134.7, 133.8, 133.7, 130.7, 129.5, 127.0,
121.9, 119.6, 117.9, 47.9, 46.4, 23.0, 20.9 ppm; HRMS (ESI-TOF) m/z calcd
for C17H1sNNaO.S [M+Na]*: 352.0614, found 352.0587.

((1R*,8bS*)-(2-Chlorophenyl)-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)methanone (3ak): White solid; mp 136-138
°C; yield = 59% (39.6 mg); Rt = 0.31 (EtOAc/Hexane = 15:85); *H NMR (500
MHz, CDCl3) § 7.72 (d, J = 7.5 Hz, 1H), 7.51 (d, J = 6.9 Hz, 2H), 7.46-7.41 (m,
3H), 7.33 (t, J = 7.4 Hz, 1H), 7.15 (d, J = 8.1 Hz, 1H), 4.66 (d, J = 2.6 Hz, 1H),
4.18 (d, J = 2.6 Hz, 1H) ppm; 3C NMR (125 MHz, CDCl3) § 191.7, 149.8,
136.2,133.8,132.2,131.0, 130.7,130.6, 129.5, 127.5, 127.0, 119.5, 117.9, 49.2,
47.7 ppm; HRMS (ESI-TOF) m/z calcd for CisH1oCINNaOsS [M+Na]*:
357.9911, found 357.99109.

((1R*,8bS*)-(2-Bromophenyl)-3,3-dioxido-1,8b-dihydroazirino[1,2-

c]benzo[e][1,2,3]oxathiazin-1-yl)methanone (3al): White solid; mp 174-176
°C; yield = 57% (43.3 mg); R¢= 0.31 (EtOAc/Hexane = 15:85); 'H NMR (500
MHz, CDCl3)  7.66 (t, J = 6.2 Hz, 1H), 7.52-7.40 (m, 5H), 7.33 (t, J = 7.5 Hz,
1H), 7.15 (d, J =8.2 Hz, 1H), 4.63 (d, J = 3.3 Hz, 1H), 4.19 (d, J = 3.2 Hz, 1H)
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ppm; BC NMR (125 MHz, CDCls) § 192.5, 149.8, 138.2, 133.9, 133.6, 130.8,
130.6, 129.6, 127.9, 127.0, 119.9, 119.5, 117.8, 49.3, 47.3 ppm; HRMS (ESI-
TOF) m/z calcd for CisH10"°BrNNaO4S [M+Na]*: 401.9406, found 401.9404;
HRMS (ESI-TOF) m/z calcd for C1sH10®*BrNNaO4S [M+Na]*: 403.9386, found
403.9385.

((1R*,8bS*)-3,3-Dioxido-1,8b-dihydroazirino[1,2-

c]benzo[e][1,2,3]oxathiazin-1-yl)(3-  methylphenyl)methanone  (3am):
White solid; mp 170-172 °C; yield = 73% (46.0 mg); Rt = 0.33 (EtOAc/Hexane
= 15:85); *H NMR (500 MHz, CDCls) § 7.89 (d, J = 6.4 Hz, 2H), 7.55-7.39 (m,
4H), 7.33 (t, J = 7.5 Hz, 1H), 7.16 (d, J = 8.2 Hz, 1H), 4.70 (d, J = 3.5 Hz, 1H),
4.27 (d, J = 3.5 Hz, 1H), 2.44 (s, 3H) ppm; *C NMR (125 MHz, CDCls) &
189.3, 149.8, 139.1, 135.6, 135.1, 130.7, 129.6, 129.4, 129.0, 127.0, 126.2,
119.5, 118.1, 47.8, 45.1, 21.3 ppm; HRMS (ESI-TOF) m/z calcd for
C16H13NNaO4S [M+Na]*: 338.0457, found 338.0423.

((1R*,8bS*)-(3-Fluorophenyl)-3,3-Dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)methanone (3an): White solid; mp 146-148
°C; yield = 67% (42.7 mg); Rt = 0.31 (EtOAc/Hexane = 15:85); *H NMR (500
MHz, CDCl3) § 7.92 S10 (d, J = 7.8 Hz, 1H), 7.78-7.74 (m, 1H), 7.56-7.52 (m,
2H), 7.47-7.43 (m, 1H), 7.40-7.33 (m, 2H), 7.17 (d, J = 8.2 Hz, 1H), 4.66 (d, J
= 3.6 Hz, 1H), 4.29 (d, J = 3.6 Hz, 1H) ppm; C NMR (125 MHz, CDCls) &
188.2 (d, Jc-r= 1.9 Hz), 162.9 (d, Jc.r = 248.6 Hz), 149.8, 136.9 (d, Jcr=6.5
Hz), 131.2 - 130.7 (m), 129.6, 127.1, 124.94 (d, Jc.r= 2.9 HZz), 121.9 (d, Jc-F =
21.2 Hz), 119.5,117.8, 115.6 (d, Jc-r = 22.7 Hz), 47.8, 45.1 ppm; *°F NMR (470
MHz, CDClz) & -110.30 (m) ppm; HRMS (ESI-TOF) m/z calcd for
C1sH11FNO4S [M+H]*: 320.0387, found 320.0360.

((1R*,8bS*)-(3-Bromophenyl)-3,3-dioxido-1,8b-dihydroazirino[1,2-

c]benzole][1,2,3]oxathiazin-1-yl)methanone (3ao0): White solid; mp 166-168
°C; yield = 66% (50.1 mg); R = 0.31 (EtOAc/Hexane = 15:85); *H NMR (500
MHz, CDCl3) 6 8.22 (s, 1H), 8.08 (d, J = 7.7 Hz, 1H), 7.82 (d, J = 7.7 Hz, 1H),
7.56 (d, J = 7.4 Hz, 1H), 7.49-7.44 (m, 2H), 7.37 (t, J = 7.5 Hz, 1H), 7.20 (d, J
=8.2 Hz, 1H), 4.67 (d, J = 3.3 Hz, 1H), 4.30 (d, J = 3.3 Hz, 1H) ppm; *C NMR
(125 MHz, CDCl3) 6 188.1, 149.8, 137.6, 136.6, 131.7, 130.9, 130.7, 129.6,
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127.6,127.1, 123.5,119.6, 117.8, 47.8, 45.0 ppm; HRMS (ESI-TOF) m/z calcd
for CisH10™®BrNNaOsS [M+Na]*: 401.9406, found 401.9400; HRMS (ESI-
TOF) m/z calcd for C1sH10®*BrNNaO4S [M+Na]*: 403.9386, found 403.9371.

((1R*,8bS*)-3,3-Dioxido-1,8b-dihydroazirino[1,2-

c]benzole][1,2,3]oxathiazin-1-yl)(naphthalen-2-yl)methanone (3ap): White
solid; mp 160-162 °C; yield = 72% (50.5 mg); Rs = 0.28 (EtOAc/Hexane =
15:85); *H NMR (500 MHz, CDCl3) § 8.72 (s, 1H), 8.12-8.07 (m, 1H), 8.06-
8.02 (m, 1H), 7.96 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.69-7.65 (m,
1H), 7.62-7.59 (m, 1H), 7.56 (d, J = 6.3 Hz, 1H), 7.47 (dd, J = 10.4, 4.8 Hz,
1H), 7.37-7.34 (m, 1H), 7.21 (d, J = 8.0 Hz, 1H), 4.86 (d, J = 3.3 Hz, 1H), 4.36
(d, J = 3.3 Hz, 1H) ppm; 3C NMR (125 MHz, CDCls) & 189.0, 149.9, 136.2,
132.4, 131.8, 130.6, 130.5, 130.0, 129.6, 129.5, 129.1, 127.9, 127.3, 127.0,
123.6, 119.5, 118.2, 47.8, 45.2 ppm; HRMS (ESI-TOF) m/z calcd for
C19H13NNaO4S [M+Na]*: 374.0457, found 374.0475.

((1R*,8bS*)-5-Methoxy-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3ca): White solid; mp
178-180 °C; yield = 69% (45.7 mg); Rr = 0.20 (EtOAc/Hexane = 15:85); *H
NMR (500 MHz, CDCl3) 6 8.10 (d, J = 7.7 Hz, 2H), 7.67 (t, J = 7.4 Hz, 1H),
7.54 (t,J = 7.7 Hz, 2H), 7.26 (t, J = 3.9 Hz, 1H), 7.08-7.02 (m, 2H), 4.73 (d, J
=3.5Hz, 1H), 4.26 (d, J = 3.5 Hz, 1H), 3.92 (s, 3H) ppm; 3C NMR (125 MHz,
CDCI3) 6 189.2, 149.4, 138.8, 135.1, 134.7, 129.1, 128.9, 127.1, 120.6, 119.1,
113.9, 56.4, 47.8, 44.9 ppm; HRMS (ESI-TOF) m/z calcd for C16H13NNaOsS
[M+Na]": 354.0407, found 354.0412.

((1R*,8bS*)-5-Ethoxy-3,3-dioxido-1,8b-dihydroazirino[1,2-

c]benzo[e][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3da): White solid; mp
182-184 °C; yield = 67% (46.1 mg); Rf = 0.20 (EtOAc/Hexane = 15:85); *H
NMR (500 MHz, CDCl3)  8.12 (d, J = 7.3 Hz, 2H), 7.69 (t, J = 6.8 Hz, 1H),
7.56 (t,J = 7.1 Hz, 2H), 7.25 (t, J = 7.8 Hz, 1H), 7.08 (d, J = 7.3 Hz, 1H), 7.04
(d, J=8.1Hz, 1H), 4.75 (s, 1H), 4.27 (s, 1H), 4.21 — 4.09 (m, 2H), 1.49 (t, J =
6.6 Hz, 3H) ppm; *C NMR (125 MHz, CDCls) & 189.2, 148.8, 139.0, 135.1,
134.7, 129.1, 128.9, 127.0, 120.5, 119.1, 115.1, 65.2, 47.8, 44.9, 14.6 ppm;
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HRMS (ESI-TOF) m/z calcd for Ci7H1sNOsS [M+H]": 346.0744, found
346.0748.

((1R*,8bS*)-5-Methyl-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3ba): White solid; mp
176-178 °C; yield =71% (44.6 mg); Rt = 0.26 (EtOAc/Hexane = 15:85); ‘H
NMR (500 MHz, CDCls) & 8.10 (d, J = 7.5 Hz, 2H), 7.67 (t, J = 7.1 Hz, 1H),
7.54 (t, J =7.4 Hz, 2H), 7.34-7.19 (m, 3H), 4.70 (d, J = 3.0 Hz, 1H), 4.25 (d, J
= 3.0 Hz, 1H), 2.33 (s, 3H) ppm; *C NMR (125 MHz, CDCls) § 189.3, 148.2,
135.1, 134.7, 132.3, 129.2, 129.1, 128.9, 127.1, 126.4, 117.7, 48.0, 45.0, 14.8
ppm; HRMS (ESI-TOF) m/z calcd for C16H1aNO4S [M+H]*: 316.0638, found
316.0608.

((1R*,8bS*)-5-Methyl-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)(4- methylphenyl)methanone (3bb): White
solid; mp 188-190 °C; yield = 69% ( 45.4 mg); Rf = 0.31 (EtOAc/Hexane =
15:85); 'H NMR (500 MHz, CDCl3) & 8.00 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 7.7
Hz, 3H), 7.28 (t, J = 8.1 Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H), 4.68 (d, J = 3.5 Hz,
1H), 4.24 (d, J = 3.5 Hz, 1H), 2.44 (s, 3H), 2.33 (s, 3H) ppm; 3C NMR (125
MHz, CDCls) 6 188.7, 148.2, 146.0, 132.7, 132.2, 129.8, 129.1, 129.0, 127.1,
126.4, 117.8, 47.9, 45.0, 21.8, 14.8 ppm; HRMS (ESI-TOF) m/z calcd for
C17H1sNNaO4S [M+Na]*: 352.0614, found 352.0614.

((1R*,8bS*)-4-Flurophenyl-5-methyl-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)methanone (3bf): White solid; mp 182-184
°C; yield = 63% (41.9 mg); R¢ = 0.35 (EtOAc/Hexane = 15:85); *H NMR (400
MHz, CDCl3) & 8.17-8.13 (m, 2H), 7.34 (d, J = 7.2 Hz, 1H), 7.29 (d, J = 7.3 Hz,
1H), 7.26-7.18 (m, 3H), 4.64 (d, J = 3.4 Hz, 1H), 4.25 (d, J = 3.4 Hz, 1H), 2.33
(s, 3H) ppm; *C NMR (100 MHz, CDCls) & 187.8, 166.7 (d, Jc-r = 256.5 Hz),
148.2, 132.4, 131.8 (d, Jc-Fr = 9.7 HZz), 131.56 (d, Jcr = 2.9 HZz), 129.2, 127.1,
126.5, 117.6, 116.4 (d, Jc.r = 21.9 Hz), 47.8, 45.0, 14.8 ppm; °F NMR (470
MHz, CDClz) 6 -101.50 (m) ppm; HRMS (ESI-TOF) m/z calcd for
C16H12FNNaO.S [M+Na]*: 356.0363, found 356.0363.

((1R*,8bS*)-5-Methyl-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)(4-(trifluoromethyl)phenyl)methanone
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(3bi): White solid; mp 190-192 °C; yield = 60% (46.0 mg); Rf = 0.33
(EtOAc/Hexane = 15:85); *H NMR (500 MHz, CDCls) § 8.22 (d, J = 8.2 Hz,
2H), 7.81 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 7.3 Hz, 1H), 7.30 (d, J = 7.4 Hz, 1H),
7.22 (t, J=7.6 Hz, 1H), 4.67 (d, J = 3.6 Hz, 1H), 4.26 (d, J = 3.6 Hz, 1H), 2.33
(s, 3H) ppm; 1*C NMR (125 MHz, CDCls) & 188.8, 148.2, 137.5, 136.1, 135.9,
135.6, 135.3, 132.5, 129.35 (d, Jc.Fr = 6.2 Hz), 128.8, 128.47 (d, Jc-F = 2.2 Hz),
127.2, 126.5, 126.18 (q, Jc-Fr = 3.3 Hz), 124.4, 122.2, 120.0, 117.3, 47.9, 45.1,
14.8 ppm; °F NMR (470 MHz, CDCls) § -63.32 (s) ppm; HRMS (ESI-TOF)
m/z calcd for C17H12FsNNaO4S [M+Na]*: 406.0331, found 406.0321.

((1R*,8bS*)-(2-Chlorophenyl)-5-methoxy-3,3-dioxido-1,8b-
dihydroazirino[1,2-c]benzo[e][1,2,3]oxathiazin-1-yl)methanone (3ck):
White solid; mp 190-192 °C; yield = 65% (47.5 mg); R¢ = 0.20 (EtOAc/Hexane
=15:85); 'H NMR (500 MHz, CDCls) 6 7.71 (d, J = 7.3 Hz, 1H), 7.53-7.48 (m,
1H), 7.48-7.39 (m, 2H), 7.26 (d, J = 6.3 Hz, 1H), 7.06-7.01 (m, 2H), 4.68 (d, J
=2.7Hz, 1H), 4.15 (d, J = 2.6 Hz, 1H), 3.90 (s, 3H) ppm; 3C NMR (125 MHz,
CDCls) 6 191.7, 149.3, 138.8, 136.2, 133.8, 132.2, 130.7, 130.6, 127.4, 127.0,
120.5, 118.9, 114.0, 56.3, 49.3, 47.6 ppm; HRMS (ESI-TOF) m/z calcd for
C16H12CINNaOsS [M+Na]*: 388.0017, found 388.0012.

((1R*,8bS*)-5-Methoxy-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)(4- methylphenyl)methanone (3cb): White
solid; mp 190- 192 °C; yield =70% (48.3 mg); Rf = 0.21 (EtOAc/Hexane =
15:85); *H NMR (500 MHz, CDCl3) § 7.99 (d, J = 7.4 Hz, 2H), 7.33 (d, J = 7.1
Hz, 2H), 7.28-7.22 (m, 1H), 7.07-7.01 (m, 2H), 4.71 (s, 1H), 4.24 (s, 1H), 3.91
(s, 3H), 2.44 (s, 3H) ppm; *C NMR (125 MHz, CDCls) § 188.6, 149.4, 146.0,
138.8, 132.6, 129.8, 129.1, 127.0, 120.6, 119.2, 113.8, 56.4, 47.8, 44.9, 21.8
ppm; HRMS (ESI-TOF) m/z calcd for C17H16NOsS [M+H]": 346.0744, found
346.0738.

((1R*,8bS*)-(3-Bromophenyl)-5-methoxy-3,3-dioxido-1,8b-

dihydroazirino[1,2-c]benzo[e][1,2,3]oxathiazin-1-yl)methanone (3co):
White solid; mp 194-196 °C; yield = 63% (51.7 mg); R = 0.20 (EtOAc/Hexane
= 15:85); 'H NMR (500 MHz, CDCl3) & 8.20 (s, 1H), 8.05 (d, J = 7.3 Hz, 1H),
7.79(d,J=7.4Hz, 1H), 7.43 (t, J= 7.5 Hz, 1H), 7.27 (d, J = 6.6 Hz, 1H), 7.08-
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7.03 (m, 2H), 4.66 (s, 1H), 4.24 (d, J = 1.2 Hz, 1H), 3.91 (s, 3H) ppm; *C NMR
(125 MHz, CDCl3) & 188.2, 149.4, 138.7, 137.6, 136.6, 131.7, 130.7, 127.6,
127.2,123.5,120.6, 118.8, 114.0, 56.4, 47.9, 44.8 ppm; HRMS (ESI-TOF) m/z
calcd for CieH12"°BrNNaOsS [M+Na]*: 435.9512, found 435.9510; HRMS
(ESI-TOF) m/z calcd for CigH12®'BrNNaOsS [M+Na]*: 433.9491, found
433.9487.

((1IR*,8bS*)-5-Chloro-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3ea): White solid; mp
90-92 °C; yield = 72% (48.3 mg); R¢ = 0.51 (EtOAc/Hexane = 15:85); 'H NMR
(500 MHz, CDClz) 6 8.11 (d, J = 7.2 Hz, 2H), 7.69 (t, J = 6.4 Hz, 1H), 7.59-
7.49 (m, 3H), 7.44 (d, J =7.0 Hz, 1H), 7.28 (d, J = 7.9 Hz, 1H), 4.74 (d, J = 2.3
Hz, 1H), 4.32 (d, J = 1.9 Hz, 1H) ppm; 3C NMR (125 MHz, CDCl3) & 188.7,
145.7,134.9, 131.4, 129.2, 129.1, 128.9, 127.8, 127.2, 124.9, 120.0, 47.4, 44.7
ppm; HRMS (ESI-TOF) m/z calcd for C15sH1:CINO4S [M+H]*: 336.0092, found
336.0065.

((1R*,8bS*)-6-Methyl-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3fa): White solid; mp
172-174 °C; yield = 71% (44.7 mg); Rr = 0.28 (EtOAc/Hexane = 15:85); 'H
NMR (500 MHz, CDCls) & 8.10- 8.08 (m, 2H), 7.67 (t, J = 7.4 Hz, 1H), 7.54 (t,
J=7.8Hz, 2H), 7.39 (d,J =7.7 Hz, 1H), 7.13 (d, J = 7.7 Hz, 1H), 6.98 (s, 1H),
4.67 (d, J = 3.6 Hz, 1H), 4.25 (d, J = 3.6 Hz, 1H), 2.40 (s, 3H) ppm; *C NMR
(125 MHz, CDCl3) 6 189.3, 149.7, 141.7, 135.1, 134.7, 129.2, 129.1, 128.9,
127.7, 119.9, 114.8, 47.8, 45.2, 21.3 ppm; HRMS (ESI-TOF) m/z calcd for
C16H1aNO4S [M+H]": 316.0638, found 316.0611.

((1R*,8bS*)-6-Methyl-3,3-dioxido-1,8b-dihydroazirino[1,2-

c]benzo[e][1,2,3]oxathiazin-1-yl)(4-methylphenyl)methanone (3fb): White
solid; mp 190-192 °C; yield = 69% (45.4 mg); Rs = 0.32 (EtOAc/Hexane =
15:85); *H NMR (500 MHz, CDCls) 8 7.99 (d, J = 7.4 Hz, 2H), 7.38 (d, J = 7.5
Hz, 1H), 7.33 (d, J = 7.4 Hz, 2H), 7.12 (d, J = 7.3 Hz, 1H), 6.98 (s, 1H), 4.65
(s, 1H), 4.24 (s, 1H), 2.45 (s, 3H), 2.40 (s, 3H) ppm; BC NMR (125 MHz,
CDCI3) 6 188.7, 149.7, 146.0, 141.6, 132.7, 129.8, 129.2, 129.1, 127.6, 119.9,
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114.9,47.8,45.2, 21.8, 21.3 ppm; HRMS (ESI-TOF) m/z calcd for C17H16NO4S
[M+H]": 330.0795, found 330.0797.

((1R*,8bS*)-(3-Bromophenyl)-6-methyl-3,3-dioxido-1,8b-
dihydroazirino[1,2-c]benzo[e][1,2,3]oxathiazin-1-yl)methanone (3fo):
White solid; mp 176-178 °C; yield = 63% (49.6 mg); R = 0.35 (EtOAc/Hexane
= 15:85); *H NMR (500 MHz, CDCls) § 8.19 (s, 1H), 8.04 (d, J = 7.7 Hz, 1H),
7.79 (d, J =7.7 Hz, 1H), 7.47-7.35 (m, 2H), 7.14 (d, J = 7.6 Hz, 1H), 6.98 (s,
1H), 4.60 (d, J = 3.5 Hz, 1H), 4.23 (d, J = 3.4 Hz, 1H), 2.40 (s, 3H) ppm; °C
NMR (125 MHz, CDCIs) ¢ 188.3, 149.7, 141.9, 137.5, 136.7, 131.7, 130.7,
129.3, 127.8, 127.5, 123.5, 120.0, 114.5, 47.9, 45.1, 21.3 ppm; HRMS (ESI-
TOF) m/z calcd for C16H12"°BrNNaO4S [M+Na]": 415.9563, found 415.9553;
HRMS (ESI-TOF) m/z calcd for C16H122'BrNNaO4S [M+Na]*: 417.9542, found
417.9526.

((1R*,8bS*)-(4-Bromophenyl)-6-methyl-3,3-dioxido-1,8b-
dihydroazirino[1,2-c]benzo[e][1,2,3]oxathiazin-1-yl)methanone (3fh):
White solid; mp 184-186 °C; yield = 66% (52.0 mg); R = 0.32 (EtOAc/Hexane
=15:85); 'H NMR (400 MHz, CDCls) 6 8.02-7.94 (m, 2H), 7.69 (d, J = 8.0 Hz,
2H), 7.39 (d, J = 7.6 Hz, 1H), 7.13 (d, J = 7.4 Hz, 1H), 6.98 (s, 1H), 4.59 (d, J
=3.0 Hz, 1H), 4.24 (d, J = 2.8 Hz, 1H), 2.40 (s, 3H) ppm; 3C NMR (100 MHz,
CDCIs3) 6 188.5, 149.7, 141.8, 133.7, 132.5, 130.3, 129.2, 128.4, 127.7, 120.0,
114.6, 47.7, 452, 21.3 ppm; HRMS (ESI-TOF) m/z calcd for
C16H12"°BrNNa04S [M+Na]*: 415.9563, found 415.9563; HRMS (ESI-TOF)
m/z calcd for C16H12.8BrNNa04S [M+Na]*: 417.9542, found 417.9540.

((1R*,8bS*)-6-Chloro-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3ga): White solid; mp
86-88 °C; yield = 75% (50.3 mg); R = 0.51 (EtOAc/Hexane = 15:85); *H NMR
(500 MHz, CDCl3) & 8.10 (d, J = 7.6 Hz, 2H), 7.69 (t, J = 7.4 Hz, 1H), 7.56 (t,
J=7.7 Hz, 2H), 7.47 (d, J = 8.2 Hz, 1H), 7.33 (dd, J = 8.2, 1.6 Hz, 1H), 7.20
(d, J=1.4 Hz, 1H), 4.70 (d, J = 3.5 Hz, 1H), 4.29 (d, J = 3.5 Hz, 1H) ppm; 13C
NMR (125 MHz, CDCls) 6 188.7, 150.1, 136.4, 134.9, 130.4, 129.3, 129.0,
128.9, 127.3, 120.2, 116.6, 47.2, 45.0 ppm; HRMS (ESI-TOF) m/z calcd for
C15H10CINNaO,S [M+Na]*: 357.9911, found 357.9916.
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((1R*,8bS*)-7-Methyl-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3ha): Colorless solid;
mp 116-118 °C; yield = 69% (43.5 mg); R = 0.28 (EtOAc/Hexane = 15:85); 'H
NMR (500 MHz, CDCls) & 8.10 (d, J = 7.5 Hz, 2H), 7.67 (t, J = 7.4 Hz, 1H),
7.55 (t, J = 7.7 Hz, 2H), 7.32 (s, 1H), 7.22 (d, J = 8.1 Hz, 1H), 7.05 (d, J = 8.3
Hz, 1H), 4.67 (d, J = 3.5 Hz, 1H), 4.23 (d, J = 3.5 Hz, S16 1H), 2.38 (s, 3H)
ppm; BC NMR (125 MHz, CDCls) § 189.2, 147.7, 137.1, 135.1, 134.7, 131.1,
129.9, 129.1, 128.9, 119.2, 117.6, 47.8, 45.2, 20.8 ppm; HRMS (ESI-TOF) m/z
calcd for C16H14NO4S [M+H]": 316.0638, found 316.0610.

((1R*,8bS*)-7-Methoxy-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3ia): White solid; mp
140-142 °C; yield = 67% (44.3 mg); Rr = 0.20 (EtOAc/Hexane = 15:85); H
NMR (500 MHz, CDCls) & 8.11 (d, J = 7.6 Hz, 2H), 7.68 (t, J = 7.4 Hz, 1H),
7.55 (t, J=7.7 Hz, 2H), 7.10 (d, J = 9.0 Hz, 1H), 7.02 (d, J = 2.8 Hz, 1H), 6.92
(dd, J=9.0,2.8 Hz, 1H), 4.68 (d, J = 3.6 Hz, 1H), 4.23 (d, J = 3.5 Hz, 1H), 3.83
(s, 3H) ppm; BC NMR (125 MHz, CDCl3) § 189.2, 157.9, 143.2, 135.0, 134.7,
129.1, 128.9, 120.5, 118.8, 115.5, 114.6, 55.8, 47.7, 45.2 ppm; HRMS (ESI-
TOF) m/z calcd for C16H13NNaOsS [M+Na]*: 354.0407, found 354.0407.

((1R*,8bS*)-7-Fluoro-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3ja): White solid; mp
98-100 °C; yield = 74% (47.2 mg); Rs = 0.60 (EtOAc/Hexane = 15:85); *H NMR
(500 MHz, CDClz3) 6 8.10 (d, J = 2.8 Hz, 2H), 7.69 (s, 1H), 7.56 (s, 2H), 7.26
(s, 1H), 7.16 (s, 2H), 4.71 (s, 1H), 4.26 (s, 1H) ppm; *C NMR (125 MHz,
CDCls) 6 188.7, 160.3 (d, Jc-F = 247.1 Hz), 145.72 (d, Jcr = 2.3 Hz), 134.9,
129.2,129.1, 121.2 (d, Jcr = 8.6 Hz), 119.8 (d, Jc.r = 8.6 HZ), 117.5 (d, Jc-F =
23.6 Hz), 116.7 (d, Jcr = 25.5 Hz), 47.1, 44.9. ppm; °F NMR (470 MHz,
CDCI3) & -112.93 ppm; HRMS (ESI-TOF) m/z calcd for CisH1o0FNNaOsS
[M+Na]": 342.0207, found 342.0207.

((1R*,8bS*)-7-Chloro-3,3-dioxido-1,8b-dihydroazirino[1,2-

c]benzo[e][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3ka): White solid; mp
74-76 °C; yield = 75% (50.3 mg); Rr = 0.60 (EtOAc/Hexane = 15:85); *H NMR
(500 MHz, CDCl3) 6 8.24-8.01 (m, 2H), 7.74-7.65 (m, 1H), 7.57-7.54 (m, 3H),
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7.42 (d,J=7.1Hz, 1H), 7.18-7.08 (m, 1H), 4.70 (s, 1H), 4.26 (s, 1H) ppm; 3C
NMR (125 MHz, CDCIs) o 188.6, 148.2, 134.9, 134.8, 132.5, 130.7, 129.5,
129.2, 129.0, 120.9, 119.8, 47.0, 44.9 ppm; HRMS (ESI-TOF) m/z calcd for
C15H10CINNaO4S [M+Na]*: 357.9911, found 357.9881.

((1R*,8bS*)-7-Bromo-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)(phenyl)methanone (3la): White solid; mp
88-90 °C; yield = 73% (55.5 mg); Ri= 0.60 (EtOAc/Hexane = 15:85); *H NMR
(500 MHz, CDCls) 6 8.10 (d, J = 7.1 Hz, 2H), 7.69 (s, 2H), 7.57 (t, J = 7.0 Hz,
3H), 7.07 (d, J = 8.4 Hz, 1H), 4.69 (d, J = 1.9 Hz, 1H), 4.25 (d, J = 1.2 Hz, 1H)
ppm; 2C NMR (125 MHz, CDCl3) 5 188.6, 148.8, 134.9, 134.8, 133.7, 132.4,
129.2,129.0, 121.2,120.1, 119.9, 46.8, 44.9 ppm; HRMS (ESI-TOF) m/z calcd
for C1sH11"°BrNO4S [M+H]": 379.9587, found 379.9580; HRMS (ESI-TOF)
m/z calcd for C1sH118'BrNO4S [M+H]": 381.9566, found 381.9565.

((1R*,8bS*)-7-Fluoro-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)(3-methylphenyl)methanone (3jm): White
solid; mp 170-172 °C; yield = 73% (48.5 mg); Rs = 0.50 (EtOAc/Hexane =
15:85); *H NMR (500 MHz, CDCl3) § 7.90 (s, 2H), 7.48-7.43 (m, 2H), 7.32-
7.08 (m, 3H), 4.69 (d, J = 0.3 Hz, 1H), 4.25 (d, J = 0.7 Hz, 1H), 2.45 (s, 3H)
ppm; C NMR (125 MHz, CDCl3) & 188.8, 160.2 (d, Jc-r = 246.8 Hz), 145.7,
139.2,135.7, 134.9, 129.4, 129.0, 126.2, 121.25 (d, Jc.r= 8.7 Hz), 119.96 (d, J
cF=8.7Hz), 117.5,117.3, 116.70 (d, Jc.F = 25.7 Hz), 47.1, 45.0, 21.3 ppm; *F
NMR (470 MHz, CDCl3) 6 -112.99 ppm; HRMS (ESI) m/z calcd for
C16H12FNNaO4S [M+Na]*: 356.0363, found 356.0353.

((1R*,8bS*)-(2,4-Dimethylphenyl)-7-fluoro-3,3-dioxido-1,8b-

dihydroazirino[1,2- c]benzo[e][1,2,3]oxathiazin-1-yl)methanone (3jj):
White solid; mp 194-196 °C; yield = 70% (48.6 mg); R¢r= 0.50 (EtOAc/Hexane
= 15:85); 'H NMR (500 MHz, CDCls)  8.08 (s, 1H), 7.28-7.25 (m, 2H), 7.20
(s, 1H), 7.16-7.15 (m, 1H), 7.15-7.11 (m, 1H), 4.53 (d, J = 3.5 Hz, 1H), 4.20 (d,
J=3.5Hz, 1H), 2.49 (s, 3H), 2.43 (s, 3H) ppm; **C NMR (125 MHz, CDCls) &
189.5, 160.2 (d, Jc-r = 246.5 Hz), 145.6, 144.1, 139.2, 134.8, 133.7 (d, Jc.r =
17.3 Hz), 128.1, 127.8, 121.9, 121.31 (d, Jc-r = 8.5 Hz), 119.75 (d, Jc.r = 8.4
Hz), 117.6, 117.4, 116.7, 116.5, 47.3, 46.1, 23.1, 21.0 ppm; **F NMR (470
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MHz, ) 6 -112.96 ppm; HRMS (ESI-TOF) m/z calcd for C17H14FNNaO4S
[M+Na]*: 370.0520, found 370.0527.

((1R*,8bS*)-7-Chloro-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)(2,4-dimethylphenyl)methanone (3kj):
White solid; mp 184-186 °C; yield = 69% (50.2 mg); Rt = 0.51 (EtOAc/Hexane
= 15:85); 'H NMR (500 MHz, CDCl3) § 8.07 (s, 1H), 7.53 (d, J = 2.2 Hz, 1H),
7.41 (dd, J = 8.7, 2.3 Hz, 1H), 7.26 (s, 1H), 7.20 (s, 1H), 7.12 (d, J = 8.7 Hz,
1H), 4.52 (d, J = 3.5 Hz, 1H), 4.20 (d, J = 3.4 Hz, 1H), 2.49 (s, 3H), 2.43 (s, 3H)
ppm; BC NMR (125 MHz, CDCl3) § 189.4, 148.2, 144.2, 139.2, 134.8, 133.8,
133.6, 132.5, 130.7, 129.5, 121.9, 120.9, 119.6, 47.2, 46.1, 23.1, 21.0 ppm;
HRMS (ESI-TOF) m/z calcd for Ci17H1sCINOsS [M+H]*: 364.0405, found
364.0413.

((1R*,8bS*)-7-Chloro-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)(3-methylphenyl)methanone (3km): White
solid; mp 184-186 °C; yield = 74% (51.7 mg); Rs = 0.52 (EtOAc/Hexane =
15:85); *H NMR (500 MHz, CDCls) & 7.90 (s, 2H), 7.53 (s, 1H), 7.49 (d, J =
7.2 Hz, 1H), 7.44-7.40 (m, 2H), 7.12 (d, J = 8.7 Hz, 1H), 4.68 (d, J = 3.0 Hz,
1H), 4.24 (d, J = 2.8 Hz, 1H), 2.45 (s, 3H) ppm; C NMR (125 MHz, CDCls)
o 188.8, 148.2, 139.2, 135.7, 134.9, 132.5, 130.6, 129.5, 129.4, 129.0, 126.2,
120.9, 119.8, 47.0, 44.9, 21.3 ppm; HRMS (ESI-TOF) m/z calcd for
C16H12CINNaO.S [M+Na]*: 372.0068, found 372.0070.

((1R*,8bS*)-7-Chloro-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzole][1,2,3]oxathiazin-1-yl)(4-methylphenyl)methanone (3kb): White
solid; mp 180-182 °C; yield =72% (50.3 mg); R = 0.52 (EtOAc/Hexane =
15:85); 'H NMR (500 MHz, CDCl3) § 7.99 (d, J = 8.1 Hz, 2H), 7.52 (d, J = 2.3
Hz, 1H), 7.40 (dd, J = 8.7, 2.3 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.12 (d, J =
8.7 Hz, 1H), 4.67 (d, J = 3.6 Hz, 1H), 4.24 (d, J = 3.5 Hz, 1H), 2.45 (s, 3H)
ppm; ¥C NMR (125 MHz, CDCls) § 188.1, 148.2, 146.2, 132.5, 132.4, 130.6,
129.9, 129.5, 129.1, 120.9, 119.9, 46.9, 44.9, 21.9 ppm; HRMS (ESI-TOF) m/z
calcd for C16H13CINO4S [M+H]": 350.0248, found 350.0242.

((1R*,10cS*)-3,3-Dioxido-1,10c-dihydroazirino[1,2-c]Jnaphtho[1,2-
e][1,2,3]oxathiazin-1- yl)(phenyl)methanone (3ma): White solid; mp 120-
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122 °C; yield = 70% (49.1 mg); Rs = 0.28 (EtOAc/Hexane = 15:85); 'H NMR
(500 MHz, CDCls) & 8.14 (d, J = 7.4 Hz, 2H), 8.08 (d, J = 8.2 Hz, 1H), 7.97-
7.91 (m, 2H), 7.68 (t, J = 7.0 Hz, 2H), 7.61-7.53 (m, 3H), 7.29 (d, J = 8.9 Hz,
1H), 4.99 (d, J = 2.7 Hz, 1H), 4.81 (d, J = 2.8 Hz, 1H) ppm; *C NMR (125
MHz, CDCls) & 189.4, 148.3, 135.0, 134.8, 131.7, 131.6, 131.1, 129.3, 129.2,
129.0,128.6,126.8, 121.9, 118.0, 112.1, 45.8, 44.9 ppm; HRMS (ESI-TOF) m/z
calcd for C19H14NO4S [M+H]*: 352.0638, found 352.0611.

((1R*,8bS*)-(5-Methoxy-1-methyl-3,3-dioxido-1,8b-dihydroazirino[1,2-
c]benzo[e][1,2,3]oxathiazin-1-yl)(4- methoxyphenyl)methanone (3cq):
White solid; mp 156-158 °C; yield = 33% (24.7 mg); Rs = 0.20 (EtOAc/Hexane
= 15:85); *H NMR (500 MHz, CDCls) § 8.21 (d, J = 8.6 Hz, 2H), 7.28 (d, J =
7.9 Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 7.03 (t, J = 9.8 Hz, 3H), 4.22 (s, 1H), 3.91
(d, J = 7.8 Hz, 6H), 1.85 (s, 3H) ppm; *C NMR (125 MHz, CDCls) § 191.5,
164.5, 149.3, 138.9, 132.5, 126.6, 125.3, 121.1, 117.4, 114.2, 113.5, 56.3, 55.6,
55.1, 50.4, 12.1 ppm; HRMS (ESI-TOF) m/z calcd for CisH17CINNaOeS
[M+Na]": 398.0669, found 398.0691.

((1R*,7bS*)-6-Methyl-3,3-dioxido-1,7b-dihydroazirino[1,2-
b]benzo[d]isothiazol-1-yl)(phenyl)methanone (3na): White solid; mp 174-
176 °C; yield = 78% (62.2 mg); Rs = 0.21 (EtOAc/Hexane = 15:85); 'H NMR
(500 MHz, CDCl3) 6 8.11 (d, J = 7.4 Hz, 2H), 7.66-7.63 (m, 2H), 7.53 (t, J =
7.7 Hz, 2H), 7.44 (s, 1H), 7.41 (d, J = 8.0 Hz, 1H), 4.57 (d, J = 3.0 Hz, 1H),
3.89 (d, J = 3.2 Hz, 1H), 2.49 (s, 3H) ppm; *C NMR (125 MHz, CDCls) §
189.2,145.1,135.5,135.0, 134.6, 131.6, 130.8, 129.2, 129.0, 126.1, 123.2, 54.9,
46.2, 21.7 ppm; HRMS (ESI-TOF) m/z calcd for CigH1aNOsS [M+H]™:
300.0689, found 300.07009.

Ethyl (1R*,8bS*)-1-benzoylazirino[1,2-c]benzo[e][1,2,3]oxathiazine-
8b(1H)-carboxylate 3,3-dioxide (30a): Gummy liquid; yield = 36% (26.8 mg);
R¢ = 0.19 (EtOAc/Hexane = 15:85); *H NMR (500 MHz, CDCl3) § 7.99 (d, J =
7.5 Hz, 2H), 7.74 (d, J = 7.7 Hz, 1H), 7.67-7.63 (m, 1H), 7.53-7.48 (m, 3H),
7.38 (d, J =7.5Hz, 1H), 7.23 (d, J = 8.0 Hz, 1H), 4.73 (s, 1H), 4.30 (9, J = 6.9
Hz, 2H), 1.25 (t, J = 6.7 Hz, 3H) ppm; *C NMR (125 MHz, CDCl3) & 187.74,
162.4,149.5,135.2,134.5,131.5,128.9,128.8, 128.6, 127.2,120.1, 116.3, 63.4,
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55.5, 50.6, 13.77 ppm; HRMS (ESI-TOF) m/z calcd for C1gH16NQsS [M+H]™:
374.0693, found 374.0706.

(3aR*,10bS*)-3-Phenyl-3a,10b-dihydro-4H-benzo[f]isoxazolo[4,5-

d][1,2,3]oxathiazepine 5,5-dioxide (4aa): White solid; yield = 73% (23.0 mg);
Rr = 0.40 (EtOAc/Hexane = 15:85); *H NMR (500 MHz, CDCl3) § 7.81 (d, J =
7.2 Hz, 2H), 7.66 (dd, J=6.5, 1.9 Hz, 1H), 7.52-7.39 (m, 5H), 7.30 (dd, J = 7.5,
1.6 Hz, 1H), 5.81 (d, J = 13.4 Hz, 1H), 5.56 (d, J = 11.9 Hz, 1H), 5.39 (dd, J =
13.1, 12.2 Hz, 1H) ppm; *C NMR (125 MHz, CDCls) § 156.5, 149.1, 131.5,
129.9, 129.3, 129.0, 127.9, 127.2, 126.2, 125.0, 122.6, 85.2, 66.3 ppm; HRMS
(ESI-TOF) m/z calcd for C1sH12N2NaO4S [M+Na]*: 339.0410, found 339.0439.

(3aR*,10bS*)-3-(4-tert-Butylphenyl)-3a,10b-dihydro-4H-
benzo[f]isoxazolo[4,5-d][1,2,3]oxathiazepine 5,5-dioxide (4ad): White solid;
yield = 66% (24.5 mg); R¢ = 0.48 (EtOAc/Hexane = 15:85); *H NMR (500 MHz,
CDCl3) 8 7.74 (d, J = 8.4 Hz, 2H), 7.68-7.63 (m, 1H), 7.47 (d, J = 8.4 Hz, 2H),
7.42-7.37 (m, 2H), 7.30 (dd, J = 7.4, 1.6 Hz, 1H), 5.77 (d, J = 13.2 Hz, 1H),
5.49 (d, J = 11.9 Hz, 1H), 5.39-5.29 (m, 1H), 1.33 (s, 9H) ppm; C NMR (125
MHz, CDCl3) 8 156.5, 155.1, 149.1, 129.8, 129.4, 127.9, 127.1, 126.0, 125.0,
123.2, 122.6, 85.1, 66.3, 35.0, 31.0 ppm; HRMS (ESI-TOF) m/z calcd for
C19H21N204S [M+H]*: 373.1217, found 373.1215.

(3aR*,10bS*)-8-Methyl-3-phenyl-3a,10b-dihydro-4H-
benzo[f]isoxazolo[4,5-d][1,2,3]oxathiazepine 5,5-dioxide (4fa): White solid;
yield =73% (24.0 mg); Rt = 0.44 (EtOAc/Hexane = 15:85); *H NMR (500 MHz,
CDCl3) 8 7.81 (d, J = 7.2 Hz, 2H), 7.52-7.43 (m, 4H), 7.19 (d, J = 7.8 Hz, 1H),
7.12 (s, 1H), 5.75 (d, J = 12.8 Hz, 1H), 5.44-5.32 (m, 2H), 2.41 (s, 3H) ppm;
13C NMR (125 MHz, CDCl3) § 156.5, 148.9, 140.5, 131.4, 129.0, 128.5, 127.2,
126.2, 126.1, 124.6, 123.1, 85.2, 66.4, 21.1 ppm; HRMS (ESI-TOF) m/z calcd
for C16H15N204S [M+H]": 331.0747, found 331.0747.

(3aR*,10bS*)-7-Methoxy-3-phenyl-3a,10b-dihydro-4H-

benzo[f]isoxazolo[4,5-d][1,2,3]oxathiazepine 5,5-dioxide(4ca): White solid;
yield = 70% (24.2 mg); Rt = 0.40 (EtOAc/Hexane = 15:85); *H NMR (500 MHz,
CDCl3+DMSO-ds) & 8.62 (d, J = 11.3 Hz, 1H), 7.89-7.82 (m, 2H), 7.49-7.41
(m, 3H),7.29 (d,J=7.5Hz, 1H), 7.18 (d, J = 7.7 Hz, 1H), 6.98 (d, J = 8.2 Hz,
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1H), 5.91 (d, J = 13.4 Hz, 1H), 5.35 - 5.29 (m, 1H), 3.92 (s, 3H) ppm; *C NMR
(125 MHz, CDCl3+DMSO-ds) 8 156.9, 152.0, 138.3, 131.6, 130.9, 128.7, 128.0,
127.2, 127.1, 115.7, 112.9, 84.5, 66.3, 56.3 ppm; HRMS (ESI-TOF) m/z calcd
for C1sH14N2NaOsS [M+Na]*: 369.0516, found 369.0508.

(3aR*,10bS*)-3-(4-Chlorophenyl)-3a,10b-dihydro-4H-
benzo[f]isoxazolo[4,5-d][1,2,3]oxathiazepine 5,5-dioxide (4ag): White solid;
yield = 75% (26.3 mg); Rr=0.42 (EtOAc/Hexane = 15:85); *H NMR (500 MHz,
CDCls) § 7.77 (d, J = 8.4 Hz, 2H), 7.68-7.63 (m, 1H), 7.48-7.37 (m, 4H), 7.31
(d, J = 7.7 Hz, 1H), 5.82 (d, J = 13.3 Hz, 1H), 5.56 (d, J = 12.1 Hz, 1H), 5.38
(t, J=12.7 Hz, 1H) ppm; *C NMR (125 MHz, CDCls) & 155.6, 149.1, 137.7,
130.0, 129.6, 129.4, 128.4, 127.9, S24 125.1, 124.9, 122.7, 85.3, 66.2 ppm;
HRMS (ESI-TOF) m/z calcd for CisH12CIN204S [M+H]™: 351.0201, found
351.0213.

(3aR*,10bS*)-3-(4-Fluorophenyl)-7-methyl-3a,10b-dihydro-4H-
benzo[f]isoxazolo[4,5- d][1,2,3]oxathiazepine 5,5-dioxide (4bf): White solid;
yield = 78% (27.1 mg); R¢ = 0.40 (EtOAc/Hexane = 15:85); *H NMR (500 MHz,
CDCls) 6 7.84-7.81 (m, 2H), 7.46-7.44 (m, 1H), 7.28 (d, J = 7.8 Hz, 2H), 7.15
(t, J = 8.6 Hz, 2H), 5.80 (d, J = 13.3 Hz, 1H), 5.48 (d, J = 12.1 Hz, 1H), 5.34 (t,
J =12.7 Hz, 1H), 2.38 (s, 3H) ppm; *C NMR (125 MHz, CDCl3) § 164.0 (d,
Jc-r = 252.0 Hz), 155.4, 147.9, 132.0, 131.5, 129.4 (d, J cr = 8.4 Hz), 127.6,
122.5 (d, Jcr = 3.2 Hz), 122.3, 116.4, 116.2, 85.4, 66.3, 15.8 ppm; °F NMR
(470 MHz, CDCls) & -107.04 ppm; HRMS (ESI-TOF) m/z calcd for
C16H14FN204S [M+H]": 349.0653, found 349.0637.

(3aR*,10bS*)-3-(3-Bromophenyl)-8-methyl-3a,10b-dihydro-4H-

benzo[f]isoxazolo[4,5- d][1,2,3]oxathiazepine 5,5-dioxide (4fo): White solid,;
yield = 71% ( 29.0 mg); R = 0.46 (EtOAc/Hexane = 15:85); 'H NMR (500
MHz, CDCls+DMSO-ds) & 9.46 (dd, J = 10.7, 4.2 Hz, 1H), 8.05 (s, 1H), 7.89
(d, J = 6.3 Hz, 1H), 7.74 (d, J = 6.1 Hz, 1H), 7.55 (dd, J = 7.4, 3.2 Hz, 1H),
7.51-7.47 (m, 1H), 7.29 (d, J = 6.4 Hz, 1H), 7.18 (d, J = 2.0 Hz, 1H), 5.97-5.88
(m, 1H), 5.39-5.29 (m, 1H), 2.68 (s, 3H) ppm; *C NMR (125 MHz,
CDCI3+DMSO-ds) 6 160.8, 153.7, 144.7, 138.5, 135.4, 134.4, 134.2, 132.8,
131.4, 130.6, 129.1, 127.8, 127.3, 89.3, 70.8, 25.8 ppm; HRMS (ESI-TOF) m/z
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calcd for C16H14°BrN204S [M+H]": 408.9852, found 408.9832; HRMS (ESI-
TOF) m/z calcd for C16H142'BrN204S [M+H]*: 410.9832, found 410.9810.

(3aR*,10bS*)-7-Methyl-3-(4-(trifluoromethyl)phenyl)-3a,10b-dihydro-4H-
benzo[f]isoxazolo[4,5-d][1,2,3]oxathiazepine 5,5- dioxide (4bi): White solid;
yield = 74% (29.4 mg); Rt = 0.44 (EtOAc/Hexane = 15:85); *H NMR (500 MHz,
CDCI3+DMSO-de) 8 9.09 (s, 1H), 8.00 (d, J = 8.2 Hz, 2H), 7.71 (d, J = 8.3 Hz,
2H), 7.43 (t, J =4.6 Hz, 1H), 7.24 (d, J = 4.8 Hz, 2H), 5.95 (d, J = 13.5 Hz, 1H),
5.28 (d, J = 135 Hz, 1H), 2.38 (s, 3H) ppm; 3C NMR (125 MHz,
CDClI3+DMSO-ds) 6 156.0, 148.0, 132.4, 132.1, 131.9, 131.1, 130.8, 129.7,
127.5, 127.1, 125.6 (q), 124.7, 122.5, 122.1, 120.4, 85.0, 66.1, 15.8 ppm; ‘°F
NMR (470 MHz, CDCls) 6 -62.98 ppm; HRMS (ESI-TOF) m/z calcd for
C17H14F3N204S [M+H]*: 399.0621, found 399.0622.

(9-Methyl-2,2-dioxido-3H-benzo[f][1,2,3]oxathiazepin-4-
yl)(phenyl)methanone (5ba): White solid; yield = 83% (26.1 mg); Rf = 0.24
(EtOAc/Hexane = 15:85); 'H NMR (500 MHz, CDCl3) § 8.21 (s, 1H), 7.74 (d,
J=7.4Hz 2H), 7.64 (t, J =7.4 Hz, 1H), 7.53 (t, J = 7.6 Hz, 2H), 7.32 (d, J =
7.3Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 7.07 (d, J = 7.5 Hz, 1H), 6.70 (s, 1H), 2.40
(s, 3H) ppm; *C NMR (125 MHz, CDCls) § 190.6, 147.7, 135.3, 133.6, 132.7,
131.4, 130.9, 129.7, 129.3, 128.6, 126.9, 125.5, 121.7, 16.2 ppm; HRMS (ESI-
TOF) m/z calcd for C16H13NNaO.S [M+Na]*: 338.0457, found 338.0463.

(2,2-Dioxido-3H-benzo[f][1,2,3]oxathiazepin-4-yl)(phenyl)methanone
(5aa): White solid; yield = 79% (23.6 mg); Rt = 0.23 (EtOAc/Hexane = 15:85);
'H NMR (500 MHz, CDCls3) & 8.20 (s, 1H), 7.74 (d, J = 7.3 Hz, 2H), 7.65 (t, J
=7.4Hz, 1H), 7.53 (t, J = 7.6 Hz, 2H), 7.45 (t, J = 7.2 Hz, 1H), 7.29 (t, J = 7.5
Hz, 1H), 7.23 (d, J = 6.7 Hz, 2H), 6.69 (s, 1H) ppm; ¥C NMR (125 MHz,
CDClI3) 6 190.5, 149.1, 135.2, 133.4, 132.8, 131.9, 129.8, 129.3, 128.6, 127.2,
125.3, 1220, 121.7 ppm; HRMS (ESI-TOF) m/z calcd for
CisH11NNaOsS[M+Na]*: 324.0301, found 324.0274.

(9-Methyl-2,2-dioxido-3H-benzo[f][1,2,3]oxathiazepin-4-yl)(4-

methylphenyl)methanone (5bb): White solid; yield = 81% (26.6 mg); R¢ =
0.23 (EtOAc/Hexane = 15:85); *H NMR (500 MHz, CDCls) § 8.20 (s, 1H), 7.66
(d, J = 8.0 Hz, 2H), 7.36-7.28 (m, 3H), 7.18 (t, J = 7.6 Hz, 1H), 7.07 (d, J = 7.6
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Hz, 1H), 6.70 (s, 1H), 2.47 (s, 3H), 2.39 (s, 3H) ppm; C NMR (125 MHz,
CDCI3) 6 190.3, 147.7, 143.7, 133.4, 132.5, 131.4, 130.8, 129.7, 129.5, 129.3,
126.9, 125.6, 121.2, 21.7, 16.2 ppm; HRMS (ESI-TOF) m/z calcd for
C17H1sNNaO4S [M+Na]*: 352.0614, found 352.0618.

(9-Methoxy-2,2-dioxido-3H-benzo[f][1,2,3]oxathiazepin-4-
yl)(phenyl)methanone (5ca): White solid; yield = 80% (26.5 mg); Rt = 0.20
(EtOAc/Hexane = 15:85); *H NMR (400 MHz, CDCl3+DMSO-ds) & 9.56 (s,
1H), 7.76 (d, J = 6.9 Hz, 2H), 7.66-7.60 (m, 1H), 7.51 (t, J = 7.2 Hz, 2H), 7.20
(t, J=7.8 Hz, 1H), 7.04 (d, J = 7.9 Hz, 1H), 6.79 (d, J = 7.4 Hz, 1H), 6.62 (s,
1H), 3.92 (s, 3H) ppm; *C NMR (100 MHz, CDCl3) & 190.7, 151.4, 138.0,
135.7, 132.6, 130.8, 129.4, 128.5, 127.7, 127.1, 124.1, 121.2, 114.4, 56.3 ppm;
HRMS (ESI-TOF) m/z calcd for Ci16H13NNaOsS [M+Na]*: 354.0407, found
354.0412.

(8-Methyl-2,2-dioxido-3H-benzo[f][1,2,3]oxathiazepin-4-
yl)(phenyl)methanone (5fa): White solid; yield = 79% (24.8 mg); Rs = 0.23
(EtOAc/Hexane = 15:85); *H NMR (500 MHz, CDCls) & 8.16 (s, 1H), 7.73 (d,
J=7.4Hz, 2H),7.63 (t,J=7.3 Hz, 1H), 7.52 (t, J = 7.5 Hz, 2H), 7.14- 7.02 (m,
3H), 6.67 (s, 1H), 2.40 (s, 3H) ppm; 3C NMR (125 MHz, CDCl3) § 190.5,
148.9, 143.5, 135.4, 133.3, 132.6, 129.2, 129.1, 128.6, 128.0, 122.5, 122.3,
122.2, 21.2 ppm; HRMS (ESI-TOF) m/z calcd for C16H13NNaOS [M+Na]*:
338.0457, found 338.0459.

(6-Methyl-1,1-dioxido-2H-benzo[e][1,2]thiazin-3-yl)(phenyl)methanone
(5na): White solid; yield = 34% (10.1 mg); Rs = 0.23 (EtOAc/Hexane = 15:85);
'H NMR (500 MHz, CDCl3) 5 7.93 (d, J = 8.1 Hz, 1H), 7.80 (d, J = 7.6 Hz, 2H),
7.67 (t,J=7.7Hz,1H), 7.55 (t, J = 7.7 Hz, 2H), 7.45 (d, J = 8.7 Hz, 1H), 7.32
(s, 1H), 6.93 (s, 1H), 2.46 (s, 3H) ppm; *C NMR (125 MHz, CDCls3) 5 189.4,
143.2,S27 135.2, 134.3, 133.0, 131.6, 131.4, 131.3, 129.5, 129.3, 128.7, 121.9,
117.7, 21.5 ppm; HRMS (ESI-TOF) m/z calcd for C16H1sNNaOsS [M+Na]*:
322.0508, found 322.0531.

2-(7-Methyl-2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)-1-
phenylethan-1-one(6fa): White solid; mp 148-150 °C; yield = 91%; Rs=0.24
(EtOAc/Hexane = 15:85); *H NMR (500 MHz, CDCl3) § 7.96 (d, J = 7.6 Hz,
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2H), 7.62 (t, J = 7.3 Hz, 1H), 7.49 (t, J = 7.7 Hz, 2H), 7.02 (d, J = 7.9 Hz, 1H),
6.95 (d, J = 7.9 Hz, 1H), 6.86 (s, 1H), 5.89 (d, J = 8.1 Hz, 1H), 5.37-5.34 (m,
1H), 4.24 (dd, J = 18.1, 7.3 Hz, 1H), 3.38 (dd, J = 18.1, 3.6 Hz, 1H), 2.32 (s,
3H) ppm; ¥C NMR (125 MHz, CDCls) § 197.9, 151.0, 140.1, 136.2, 134.1,
128.9, 128.2, 126.3, 125.6, 119.3, 118.4, 53.5, 41.7, 20.9 ppm; HRMS (ESI-
TOF) m/z calcd for C16H16NO4S [M+H]*: 318.0795, found 318.0815.

Ethyl  4-(2-oxo-2-phenylethyl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine-4-
carboxylate 2,2- dioxide (60a): White solid; mp 104-106 °C; yield = 21%: R¢
=0.20 (EtOAc/Hexane = 15:85); *H NMR (500 MHz, CDCl3) § 7.94 (d,J=7.4
Hz, 2H), 7.65 (d, J = 7.9 Hz, 1H), 7.60 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz,
2H), 7.40 (t, J = 7.2 Hz, 1H), 7.26 (t, J = 7.1 Hz, 1H), 7.09 (d, J = 8.1 Hz, 1H),
6.44 (s, 1H), 4.56 (d, J = 17.9 Hz, 1H), 4.37 (g, J = 7.1 Hz, 2H), 3.82 (d, J =
17.9 Hz, 1H), 1.32 (t, J = 7.1 Hz, 3H) ppm; *C NMR (125 MHz, CDCls) &
195.2, 169.4, 150.7, 135.9, 133.8, 130.9, 128.8, 128.2, 127.3, 125.8, 120.0,
119.4, 65.2, 63.9, 47.0, 13.9 ppm; HRMS (ESI-TOF) m/z calcd for
C1sH17NOgNa [M+Na]*: 398.0669, found 398.0653.

Crystallographic data: Single crystal X-ray structural of compound 3aa was
measured on the SuperNova, Dual, Mo at home/near, Eos- XRD at 150(2) K
using graphite monochromated Mo Ko radiation (Ao.= 0.71073 A). The strategy
for the Data collection was evaluated by using the CrysAlisPro CCD software.
The data were collected by the standard 'phi-omega scan techniques,and were
scaled and reduced using CrysAlisPro RED software. The structure was solved
by direct methods using SHELXS-97, and refined by full matrix least-squares
with SHELXL-97, refining on F2. The positions of all the atoms were obtained
by direct methods. All non-hydrogen atoms were refined anisotropically. The
remaining hydrogen atoms were placed in geometrically constrained positions,
and refined with isotropic temperature factors, generally 1.2Ueq of their parent
atoms. The crystal data are summarized in Table 4.5. The CCDC number
(2264093) can be obtained free of charge via www.ccdc.cam.ac.uk (or from the
Cambridge Crystallographic Data Centre,12 union Road, Cambridge CB21 EZ,
UK; Fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk).
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Figure 4.2 ORTEP diagram of compound 3aa (CCDC 2264093), thermal

ellipsoids drawn at the 50% probability level.

Table 4.5 Crystal data of compound 3aa.

Compound 3aa
Empirical formula C1sH11NO4S
Formula weight 301.31

Temperature 293 K

Wave length (A°) 0.71073 A°

Crystal system,space group

Monoclinic, P21/c

a(A) a=17.2401(12) A°

b (A) b = 5.9036(3) A°
c(A) ¢ = 14.1754(10) A°
a(°) alpha = 90 deg.

B beta = 109.535(7) deg.
v (%) gamma = 90 deg.
Volume (A3) 1359.70(16) A3

Z, Calculated density (mg/m?)

4,1.472 Mg/m"3

Absorption coefficient (mm™)

0.253

F(000)

624.0

O range (deg)

3.050 to 24.984 deg.

Limiting indices

-20<=h<=18, -7<=k<=7, -

16<=I<=16

Reflections collected / unique

14688 / 2383 [Rint = 0.0879]
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Completeness to © = 24.984 99.9%

Max. and min. transmission 1.000 0.577 and
Absorption correction none

Data / restrains / parameters 2383/0/191
Goodness-of-fit on F*2 1.067

Finel R indices [[>2sigma(I)] R1=0.0622, wR; = 0.1461
R indices (all data) R1=0.1097, wR2 = 0.1840
Extinction coefficient n/a

Largest diff.peak and hole (e.A%) 0.24 and -0.33 e.A"-3
CCDC 2264093

Crystallographic data: Single crystal X-ray structural of compound 4fa was
measured on the SuperNova, Dual, Mo at home/near, Eos- XRD at 150(2) K
using graphite monochromated Mo Ko radiation (Aa.= 0.71073 A). The strategy
for the Data collection was evaluated by using the CrysAlisPro CCD software.
The data were collected by the standard 'phi-omega scan techniques,and were
scaled and reduced using CrysAlisPro RED software. The structure was solved
by direct methods using SHELXS-97, and refined by full matrix least-squares
with SHELXL-97, refining on F2. The positions of all the atoms were obtained
by direct methods. All non-hydrogen atoms were refined anisotropically. The
remaining hydrogen atoms were placed in geometrically constrained positions,
and refined with isotropic temperature factors, generally 1.2Ueq of their parent
atoms. The crystal data are summarized in Table 4.6 The CCDC number
2264094) can be obtained free of charge via www.ccdc.cam.ac.uk (or from the
Cambridge Crystallographic Data Centre,12 S22 union Road, Cambridge CB21
EZ, UK; Fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk).
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oms

Figure 4.3 ORTEP diagram of compound 4fa (CCDC 2264094), thermal

ellipsoids drawn at the 50% probability level.

Table 4.6 Crystal data for compound 4fa.

Compound 4fa
Empirical formula C16H14N204S
Formula weight 330.35
Temperature 293 K

Wave length (A) 0.71073 A
Crystal system,space group Triclinic, P-1

a(A) a=5.0953(4) A

b (A) b=12.2774(9) A
c(A) c=12.7804(8) A

a(°) alpha = 72.856(6) deg.
B(°) beta = 85.579(5) deg.
v (°) gamma = 84.146(6) deg.
Volume (A% 759.07(10) A3

Z, Calculated density (mg/m®) 2, 1.445 Mg/m”3
Absorption coefficient (mm™) 0.236 mm~-1

F(000) 344.0

O range (deg) 6.58 t0 49.978

Limiting indices

-6<=h<=6, -14<=k<=14, -
15<=1<=15

Reflections collected / unique

6813 / 2653 [Rint = 0.0393]
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Max. and min. transmission 0.600 and 1.000
Absorption correction none

Data / restrains / parameters 2653/0/209
Goodness-of-fit on F*2 1.091

Finel R indices [I>2sigma(I)] R1=10.0479, wR> = 0.1351
R indices (all data) R1=0.0542, wR, = 0.1417
Extinction coefficient n/a

Largest diff.peak and hole (e.A%) 0.50 and -0.51 e.A"-3
CCDC 2264094

Radical Trapping Experiments:

O\\S//O
standard

JJ\ conditions )J\/
Ns TEMPO (5.0 equiv

3aa
Yield = 0% 7 (detected by HRMS)

\\// 0~ O 0
/\

>sT Ph )J\/O Me
Ph

standard 0 N
condltlons 5
Ns BHT (6 equiv) H . Me Me
3aa Me Me Me

Yield = 0% 0 Me

\//
/\\

8 (detected by LC-MS)

Scheme 4.18 Radical Trapping Experiments

TEMPO or BHT: The compounds 1a (36.64 mg, 0.2 mmol), 2a (58.0 mg, 0.4
mmol), 2,2'-bpy (3.12 mg, 10 mol%), Cul (3.81 mg, 10 mol%) and TEMPO
(156.2 mg, 1.0 mmol) or BHT (254.2 mg, 6.0 equiv) in MeCN:H20 (3.0 mL,
5:1) was taken in a screw capped test tube (25 mL), followed by degassing with
argon (four times). The mixture was further stirred under blue LEDs (4x5W,
450 nm) light irradiation at room temperature for 16h. Then, the reaction
mixtures were analyzed by mass spectrometry. Results showed that the trapping
products 7 and 8 were detected by MS. (Scheme 4.18)
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Radical trap mass data of 7 and 8:

Intens.
x104

2.5

2.0

276.1954

h chem ss5-bpg-3-46-17above_GAS_01_21787.d: +MS, 0.1min #7

0}

O\N

(detected by HRMS) HRMS (ESI, m/z):
Calculated for C17H26NO2 [M+H]": 276.1958,
found 276.1954.

277.1986

278.2026

276.5 277.0 N 277.5 278.0 m/z

Figure 4.4 TEMPO radical Experiment.

Intens. | h chem ss-bpg-3-36-16a_GA3_01_21784.d: +MS, 0.2min #10
5!]0(!: 339.2357
1 A Me O Me
Me Me
] | Me Me
4:1“(:i H
| (0]
] Me 0]
3ENI(Ji “ | /\Pi
| | (detected by HRMS) HRMS (ESI-
2000] | | 402 TOF m/z): Calculated for
] | | || I| C17H26NO; [M+H]*: 339.2319,
_ | '| | found 339.2357.
1000 [ |
1 / I[ [ I‘I 341.2381
£\ f A
o e .k,,,_ﬁ/‘-/‘-/ \"'\ S \_{/—'/ ‘\\ﬁ_v\_’,\____ ‘ﬂ__r,L_/— I\-\ e
339.0 3395 340.0 240.5 341.0 3415 miz

Figure 4.5 BHT radical Experiment.

242



Coordination reaction between Cul and 2,2 -bipyridine:

a) Cul in MeCN b) 2,2'-bipyridine in MeCN ¢) Cul and 2,2'-bipyridine in MeCN
Figure 4.6 The coordination reaction between Cul and 2,2"-bipyridine

As shown in Figure 4.6, an equimolecular combination of Cul with 2,2'-
bipyridine was turned into red-orange color, indicating that the complexation
between Cul and 2,2’-bipyridine obviously occurred.
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UV-Visible experiments:

The UV-Vis experiments were monitored in a quartz cuvette (10 x 10 mm?)

using a Varian carry 100 Bio UV—Vis spectrophotometer.

1.0
0.9]] Cul
— 2,2'-Bipyridine

0.8 Cul+2,2'-Bipyridine
~0.7-

>

< 0.6+

8 0.5-

8

8 041

S 0.3-

o)

< 0.2-
0.1] 450

0.0

300 400 500 600 700 800
Wavelength (nm)

Figure 4.7 UV-Vis spectra of Cul (0.167 x10 M in MeCN), 2,2 -bipyridine
(0.167 x 10 M in MeCN) and Cul +2,2"-bipyridine (for each species 0.167 x
10° M in MeCN).

1.0

la

2a

la+2,2'-Bipyridine+Cul
2a+2,2'-Bipyridine+Cul
lat+2a+2,2'-Bipyridine+Cul

o
(o0]
1
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o o
ESN »

o
N
1

©
o
1
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Wavelength (nm)

244



Figure 4.8 UV-Vis spectra of 1a (0.167 x 102 M in MeCN, black line), 2a
(0.167 x 10 M in MeCN, red line), 1a+2,2'-bipyridine + Cul (for each species
0.167 x 10° M in MeCN, blue line), 2a + 2,2 -bipyridine + Cul (for each species
0.167 x 10 M, pink colour) and 1a + 2a + 2,2"-bipyridine + Cul (for each
species 0.167 x 10 M in MeCN, green colour).

Cyclic voltammetry study:

Cyclic voltammetry was measured by using Metrohm Potentiostat/Galvanostat
with the three electrode system at room temperature. The working electrode was
glassy carbon, with platinum wire as the counter electrode and Ag/AgCl as a
reference electrode. The experiments were performed in CH3CN with
tetrabutylammonium hexafluorophosphate (0.1M) at 80 mV/s scan rate.
Samples were prepared with 0.1 mmol of the substrate in 20 mL CH3CN. Cyclic
voltammogram plot of 1a showed an oxidation potential peak at +0.40 V,
whereas in the case of 2a showed both oxidation and reduction potential peaks
at +0.92 V and -0.48 V, respectively. However, the combination of Cul and
2,2 -bipyridine(1:1) showed oxidation potential peaks at +0.75, and +1.08,
reduction potential peak at -0.90.
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Figure 4.9 Cyclic voltammogram plots of 1a, 2a, 2,2’-bipyridine and Cul/bpy.
Light ON-OFF Experiments:

A mixture of compound 1a (54 mg, 0.2 mmol, 1.0 equiv), 2a (0.4 mmol, 2.0
equiv), Cul (3.81 mg, 0.02 mmol), 2,2"-bipyridine (3.12 mg, 0.02 mmol),
MeCN:H20 (2.0 mL, 50:1) were placed in 25 mL glass tube. The reaction tube
was degassed and purged with argon four times. Then, the mixture was
irradiated using 5W blue LED lights for 2h. Afterwards, the reaction progress
was monitored by measuring the yield based on *H NMR using mesitylene as
an internal standard. Then, the reaction was kept in the dark for 2h (monitored
by 'H NMR). The same operations (light and dark) were performed up to 16h.

The results are summarized in Table 4.7.

Entry Time (h) Light source Yield (%0)
1 2 on 12
2 4 off 13
3 6 on 25
4 8 off 27
5 10 on 38
6 12 off 38
7 14 on 53
8 16 off 54

Table 4.7 Light ON-OFF experiment results.

246



Copies of *H and *C NMR spectra of some important

compounds described in Chapter 4

55-BPG-3-21G PO —TOTTANOOOM = NO T M N N
SOV ARATIONANDOBL N ® Mo o w
NSROVOOMMNGMINT N ®© N S o%

s B R IR RS NN oA
BONNNNNNNNNNNNNNN <+

0:.-0
>ST
O N
Ph

3aa

41
s

|
1.004
193]

T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

SS-BPG-3-27 el a - o
s 8 22
S &8 s
o o N
& ¢ o
A % 9
\
Oyg20
O""°N
3aa
I I
ol
T T T T T T T T T T T T T T T T T T T T T T
210 200 19 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

Figure 4.11 125 MHz 3C NMR spectrum of 3aa in CDCls.
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Figure 4.25 500 MHz *H NMR spectrum of 3ga in CDCls.
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Figure 4.26 125 MHz *C NMR spectrum of 3ga in CDCls.
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Figure 4.28 125 MHz *C NMR spectrum of 3ea in CDCls.
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Figure 4.29 500 MHz *H NMR spectrum of 3la in CDCls.
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Figure 4.30 125 MHz *C NMR spectrum of 3la in CDCls.
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Figure 4.31 500 MHz *H NMR spectrum of 3ja in CDCls.
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Figure 4.32 125 MHz *C NMR spectrum of 3ja in CDCls.
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Figure 4.67 500 MHz *H NMR spectrum of 3da in CDCls.
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Figure 4.68 125 MHz *C NMR spectrum of 3da in CDCls.
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Figure 4.69 500 MHz *H NMR spectrum of 3ac in CDCls.
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Figure 4.71 500 MHz 'H NMR spectrum of 3ck in CDCls.
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Figure 4.75 500 MHz *H NMR spectrum of 3bf in CDCla.
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Figure 4.106 125 MHz *C NMR spectrum of 3oa in CDCls.
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Figure 4.127 125 MHz 3C NMR spectrum of 4bi in CDClz+ DMSO-db.
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Chapter 5

Conclusion and Future Outlook

The invention of one-pot methods for creating a variety of nitrobenzene,
pyridine, and aziridine scaffolds from readily available reactants is the subject
of the scientific effort presented in this thesis. Under ideal reaction
circumstances, the present techniques tolerate a wide variety of synthetically
valuable functional groups and provide good to outstanding yields, and
promising diastereoselectivities of the compounds mentioned above.
Furthermore, our proposed approaches have effectively enabled efficient access
to interesting classes of biologically appealing compounds, including scaffolds
for 2'-nitro-1,1":4',1"-terphenyl, substituted sulfamidate fused aziridines, and 6-

hydroxyaryl-2-aminonicotinonitriles.

The developed methods have several benefits, such as avoiding costly and toxic
metal salts, no need for powerful acids and additional oxidants, minimizing
volatile and hazardous organic solvents, multi-step, etc. As a result, the
techniques presented in this thesis will be very valuable in both synthetic and
medicinal chemistry as effective strategies for sustaining access to the scaffolds

above.

As a future outlook, the synthetic conversions described in this thesis offer
several new concepts and their practical applications towards the rapid access
to value-added carbo- and azacyclic scaffolds in an atom-economical and eco-
friendly manner, underscoring the advancement of research in organic
synthesis. Therefore, the versatility and scope of these transformations have a
great future where they could be extended to various value-added chemical

syntheses to broaden the potential application in pharmacology.
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Appendix

General experimental procedure for all the experiments described in
chapters 2-4: All the reactions were carried out under an inert atmosphere and
monitored by TLC using Merck 60 F2s4 precoated silica-gel plates (0.25 mm
thickness), and the products were visualized by UV detection. Flash
chromatography was carried out with silica gel (200-300 mesh). *H and *3C
NMR spectra were recorded on 400 and 500 MHz spectrometers. Data for *H
NMR are reported as a chemical shift (6 ppm), multiplicity (s = singlet, d =
doublet, t = triplet, g = quartet, m = multiplet), coupling constant J (Hz),
integration, and assignment, data for *C are reported as a chemical shift. High
resolutions mass spectral analyses (HRMS) were carried out using ESI-QTOF-
MS (Microtof Q-I1 Bruker, condition: capillary voltage = -4500V, temperature
= 250 °C, N2 gas flow = 7 lit/min, nebulizer pressure = 2 bar, instrument is
calibrated using ESI tune low calibration mixture before HRMS sample
analysis). Single-crystal X-ray diffraction data was measured on the Bruker D8
Quest Single-Crystal XRD instrument at 150(2) K using graphite
monochromated Mo Ka radiation (Ao = 0.71073 A). Melting points were
recorded on an Electrothermal melting point apparatus and are uncorrected.
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