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Abstract

Natural as well as unnatural 1-methyl-2-quinolones (MeQones) are heterocyclic
compounds with a wide range of pharmacologically important activities. In addition, they also
serve as important building blocks and intermediates in organic synthesis. Therefore, a
number of methods have been studied in great detail for the preparation of MeQones.
However, among these methods, only a few methods for direct functionalization of the
MeQone framework are currently available because of the inertness caused by the aromaticity.
Accordingly, development of a facile method for direct modification of the MeQone
framework is one of the highly demanded projects.

A nitro group is one of the most important functional groups in organic syntheses because
of its strongly electron-withdrawing ability to activate the scaffold, facilitating the reaction
with nucleophilic reagents. Moreover, a nitro group serves not only as a precursor of versatile
functionalities but also as a good leaving group. Inspired by these properties of the nitro group,
I successfully achieved the direct 4-alkoxylation and 3-halogenation of the MeQone
framework by a sequential treatment of 3-nitrated MeQones with sodium alkoxides and
N-halosuccinimide under mild conditions (Scheme 1, a). In addition, direct
amino-halogenation and aziridination of the MeQone framework was also developed by
replacing sodium alkoxides with amines as nucleophiles (Scheme 1, b).
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Scheme 1. Direct functionalization of the MeQone framework



C-Nitroaziridines serve as useful building blocks in organic synthesis because of the high
reactivity caused by strongly electron-withdrawing nitro group and ring strain. Although
direct aziridination of nitroalkenes is the most efficient approach to C-nitroaziridines, there is
no report with regard to preparing N-alkyl derivatives.

I demonstrate here an efficient and highly diastereoselective one-pot synthesis of
trans-N-alkyl-C-nitroaziridines upon treatment of nitroalkenes with aliphatic amines and
N-chlorosuccinimide. The resultant aziridines are found to isomerize into
(£)-B-aryl-B-nitroenamines with high diastereoselectivity through Lewis acid-mediated ring

opening and rearrangement of the aryl group (Scheme 2).
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Scheme 2. Direct aziridination of nitroalkenes and the subsequent isomerization

Overall, several facile and efficients methods for direct functionalization of the MeQone
framework and nitroalkenes were successfully developed. The tolerance of a wide range of
functional groups and operational simplicity are the notable advantages of these protocol. The
resultant products can be easily transformed into other useful building blocks. Therefore,
these methods will be surely useful as powerful tools for preparation of novel compounds
with structural diversity and complexity. The results of these investigations are disclosed in

this thesis.
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Chapter 1. General Introduction
Part1

1. Significance of 1-methyl-2-quinolones (MeQones)

The 1-methyl-2-quinolone (MeQone) framework can be found in more than 300 quinoline
alkaloids exhibiting a wide range of biological activities such as melanogenesis inhibitory
activity,! nicotinic agonistic activity,> SRS-A antagonistic activity,® cytotoxic activity,* and
antitumor activity (Figure 1).°> Due to the important role of these alkaloids in medicinal
chemistry, numerous efforts have been dedicated to the the isolation, structural determination,

total synthesis and structral modification of quinoline alkaloids containing the MeQone
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Figure 1. Biological activities of naturally occurring MeQone derivatives

Besides naturally occurring MeQones, a large number of unnatural MeQone derivatives
with structural diversity and complexity have also been synthesized with the aim of finding
more useful biological compounds. Indeed, various medicinal properties of MeQone
derivatives have been disclosed, such as antitumor activity,® antianemia activity,’

antimicrobial activity,® anti-HIV activity,’ and so on (Figure 2).'°
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Figure 2. Biological activities of unnatural MeQone derivatives

Except for the widespread use in medicinal field, the functionalized MeQones also serve as
an important building block in functional materials such as photosensitizers'! and cyanine

dyes (Figure 3)."?
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Figure 3. MeQone framework in functional materials



Due to these significant applications, highly efficient methods for synthesis and
functionalization of the MeQones are highly demanded over the past decades. In particular, it
is very important to find a useful scaffold leading to various kinds of MeQones, which

enables the construction of a new compound libraries for biological evaluation.

2. Synthesis of functionalized MeQones

Conventional strategies for the synthesis of functionalized MeQones involve (1)
construction of MeQone frameworks from pre-functionalized starting materials, (2) ring
transformation leading to MeQone frameworks, and (3) direct functionalization of the

MeQone framework, which are supplementary to each other (Figure 4).!?

(1) Ring construction

C . jFG—> CjFG

(2) Ring transformation

FG FG FG
+ S —— &+

(3) Direct functionalization

Q—> <jFG-

Figure 4. Strategies for synthesizing MeQones

Among these three protocols, direct functionalization of the MeQone framework for
preparing newly and diversely functionalized MeQones is the most efficient approach from a
practical viewpoint, as it requires only simple experimental manipulations. However, only a
few methods for direct functionalization of the MeQone framework are currently available

because of the inertness caused by the aromaticity from the betaine resonance structure

(Figure 5)."3
©\/1 Resonance ©\/j
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— + _
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| |
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Figure 5. Resonance structure of MeQone

To the best of our knowledge, the current methods for direct functionalization of the

MeQone framework are mainly limited to the C-C or C-N bond formation through

3



transition-metal-catalyzed cross-coupling reaction or C-H activation (Scheme 1 and 2).'%!°

However, most of these methods suffer from some limitations such as the use of potentially

poisonous and expensive noble metal together with harsh reaction conditions.
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As an alternative, the electrophilic nitration has been proved as a highly efficient manner

for directly introducing nitro groups into the MeQone framework (Scheme 3).!*

O,N
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Scheme 3. Electrophilic nitration of the MeQone framework

It is well known that a nitro group is one of the most important functional groups in organic
synthesis because of its strongly electron-withdrawing ability to activate the scaffold,
facilitating the reaction with nucleophilic reagents.?’ Moreover, a nitro group serves not only

as a precursor of versatile functionalities but also as a good leaving group (Scheme 4).%!
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Scheme 4. Properties of a nitro group

Inspired by these significant properties of the nitro group, the synthetic utility of nitrated
MeQones in preparation of unnatural MeQone derivatives have been widely investigated.
Indeed, the introduction of the nitro groups has been proved to facilitate the straightforward

introduction of other functional groups to afford diversely functionalized MeQones.

3. Chemsitry of nitroquinolones
3.1 Preparation of MeQone from quinoline

The most facile and efficient method for the preparation of MeQone is methylation of



quinoline, followed by oxidation. As indicated, a N-methylquinolinum salt is prepared by
methylation of quinoline with dimethyl sulfate, and then is oxidized by potassium
ferricyanide under alkaline conditions to form the MeQone framework (Scheme 5).22
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Scheme 5. Preparation of MeQone from quinoline

3.2 Nitration of the MeQone framework
3.2.1 Nitration of unsubstituted MeQone

The electrophilic nitration using fuming HNOs or a combination of HNO; and H2SO4 as
nitrating agent is the most common and straightforward way to introduce a nitro group into
the scaffold.?

Treatment of MeQone with 15 M nitric acid in sulfuric acid at 50 ‘C for 5 h exclusively
introduces the nitro group at the 6-position, affording 6-NQ in 72% yield (Table 1, entry 1).24
After increasing the reaction temperature to 70 'C and 80 °C, di-nitrated MeQones, 3,6-DNQ
and 6,8-DNQ, are main products (entries 2—3). On the other hand, when MeQone is nitrated
with 15 M nitric acid under higher temperature, 1-methyl-3,6,8-trinitro-2-quinolone
(abbreviated as TNQ) is the only product (entry 4). The yield of TNQ is further increased by
replacing 15 M nitric acid with fuming nitric acid (entry 5). On the basis of these results, the
nitro group is introduced following the order of 6- > 3- = §-positions, in which nitration at the

3-position is somewhat easier than at the 8-position.



Table 1. Nitration of MeQone
O2N N0z ON o NO2
ST
l}l (@] l\ll @]
@(\l O,N  Me Me
> TN 3,6-DN
N0 Q Q
| O,N N O,N N
L
N 0] N O

Me

|
02N Me Me
6,8-DNQ 6-NQ
Nitrating Yield/%
Entry Temp./°C  Time/h
Reagent TNQ 3,6-DNQ 6,8-DNQ 6-NQ
1 HNOs3/H2SO4 50 5 0 0 0 72
2 HNO3/H2SO4 70 5 4 26 10 19
3 HNOs3/H2SO4 80 5 8 41 29 18
4 HNO3/H2SO4 120 7 63 0 0 0
5 fuming HNO3 120 7 90 0 0 0

3.2.2 Nitration of substituted MeQones

In addition to the unsubstituted MeQone, the nitration of other MeQones with diffrent
substitutents on the benzene ring was also investigated by organic chemists.
3.2.2.1 Nitration of 1,6-dimethyl-2-quinolone

1,6-Dimethyl-2-quinolone (abbreviated as MeQone-Me®) is easily prepared from
commercially available 6-methylquinoline through methylation with dimethyl sulfate and
oxidation with potassium ferricyanide under alkaline conditions.?

In the nitration of MeQone-Me®, the nitro groups are mainly introduced at the 5- and the
7-positions as well as at the 3-position, in which the electron-donating 6-methyl group serves
as an ortho-directing group (Table 2). Moreover, the steric hindrance of 1-methyl group
prevented the nitration at the 8-position.

When the nitration of MeQone-Me? is conducted at 50 C, dinitroquinolones B and C are
obtained as main products (Table 2, entry 1). The reaction at higher temperature and for
longer time leads to the formation of products A and B (entries 2 and 3). On the other hand,
harsh reaction conditions using fuming HNOs3 at 120 “C induce the decomposition of substrate
and product, leading to nitrated quinolones with low yields (entry 4). On the basis of these

experimental results, the nitro groups are found to be introduced in the order of 5- > 3- =



7-positions.

Table 2. Nitration of MeQone-Me*

Ntriation

_— + +
N™ SO OyN ITIO O,N I}IO NO
Me Me Me Me

A B C
Nitrating Yield/%
Entry Temp./°C  Time/h

Reagent A B C
1 HNO3/H2S04 50 24 16 21 45
2 HNO3/H2S04 80 5 11 11 5
3 HNO3/H2S04 80 24 33 49 0
4 fuming HNO3 120 7 10 0 0

3.2.2.2 Nitration of 1,8-dimethyl-2-quinolone

1,8-Dimethyl-2-quinolone (abbreviated as MeQone-Me?®) is prepared from commercially
available 8-methylquinoline through methylation with dimethyl sulfate and oxidation with
potassium ferricyanide under alkaline conditions.?

Due to the stronger ortho, para-direction ability of the methyl group than the acylamino
group (the ring nitrogen), the nitro groups are mainly introduced at the 5- and 7-positions
when MeQone-Me® is subjected to the nitration conditions (Table 3).2° Therefore,
1,8-dimethyl-3,5,7-trinitro-2-quinolone D and 1,8-dimethyl-3,5-dinitro-2-quinolone E are
formed as the products (entry 1). 1,8-Dimethyl-3,6-dinitro-2-quinolone F is also formed
owing to the para-directing ability of the acylamino group (entry 1).

While relatively mild conditions afford the 3,5-dinitrated quinolone as the major product,
harsh reaction conditions with higher temperature and longer time lead to the formation of
3,5,7-trinitrated quinolone D (entries 2—5). On the basis of these experimental results, the nitro

groups are found to be introduced in the order of 5- = 3- > 7- > 6-positions.



Table 3. Nitration of MeQone-Me?

Oy
OoN
N Ntrlatlon
'Tj O OyN

Me Me Me Me Me Me Me Me

Nitrating Yield/%
Entry Temp./°C  Time/h

Reagent D E F

1 HNO3/H2S04 50 12 12 47 28

2 HNO3/H2S04 50 24 27 40 28

3 HNO3/H2S04 80 5 trace 39 0

4 HNO3/H2S04 80 24 45 17 0

5 fuming HNO; 120 24 31 0 0

3.2.2.3 Nitration of other substituted MeQones
When 5-fluoro or 6-fluoro-1-methyl-2-quinolone is used as the substrate, nitration takes

place at the vicinal position of the fluoro group predominately (Scheme 6).26-?’

F F
O,N
] KNOyJACOH  ° N
B —
NSO 43% NS0
Me Me

= F
\©\/\l HNO3/H,SO,4 m
D ——
NI 80% O,N NS0
Me Me
Scheme 6. Nitration of MeQone-F? °r 6

On the other hand, an electron-donating hydroxy group at the 4-position activates the
pyridone moiety, facilitating the nitration at the 3-position (Scheme 7). The resultant vicinal
functionalities are useful for the successive construction of a new condensed ring on the

pyridone ring, leading to polycyclic compounds.?$-*



OH OH

NO

N HNO4/H,S0, A 2
B — .

N“S0  [NaNOy N0

Me 90% Me

Scheme 7. Nitration of MeQone-OH*

However, the replacement of a hydroxy group at the 4-position with a methyl group leads
to the nitration at the 6-position rather than 3-position.>® This might be caused by the steric
hindrance of the methyl group, preventing the nitration at the adjacent position and facilitating

the nitration at the para-direction of the electron-donating acylamino group (Scheme 8).

Me Me
O,N
X HNO4/H,SO,  ° N
—_—
N“S0  90% NS0
Me Me

Scheme 8. Nitration of MeQone-Me*

3.3 Nitro-induced direct functionalization of the MeQone framework

Nitro compounds play an important role in organic synthesis because the facile
transformation of the nitro group into other functionalities. Additionally, the strong
electron-withdrawing ability of the nitro group can efficiently activate the scaffold,
facilitating the reaction with nucleophiles. Furthermore, the nitro group having a good leaving
ability can be easily eliminated after nucleophilic additions. According to these properties of
nitro group, direct functionalization of the MeQone framework using nitroquinolones as
useful precursors have been developed.
3.3.1 Chemical transformation of a nitro Group

Nitro compounds are versatile precursors for diverse functionalities.?! Their conversion into
carbonyl compounds by the Nef reaction, conversion into amines by reduction, and
conversion into nitrile oxides by dehydration are the most widely used processes in organic
synthesis. Nitro compounds are also good precursors for various nitrogen derivatives such as
nitriles, oximes, hydroxylamines, and imines. Moreover, nitroarenes can replace haloarenes to
undergo the transition-metal-catalyzed cross-coupling reactions to construct C-C and C-N
bonds.*?3* Furthermore, SNxAr fluorination of nitroarenes proceeds to afford fluoroarenes

which appear in a variety of pharmaceuticals and agrochemicals.®* All of these

10



transformations of nitro compounds are well established and are used routinely in organic
synthesis.

1,3-Dimethyl-6-nitro-2-quinolone is reduced by palladium-catalyzed hydrogenation
followed by sulfoamidation with benzenesulfonyl chloride to prepare functionalized

aminoquinolones as anticancer agents (Scheme 9).%

CN NC
] C|\S/[ j Q H
2
> O/ \O
N0 95% N0 37% N~ 0
| |
Me Me

Scheme 9. Transformation of a nitro group

The vicinal functions of 4-hydroxy-3-nitro-2-quinolone are used for construction of a fused
ring on the [c]-face. The reduction of the nitro group with zinc in acetic acid followed by
acylation with acetic anhydride, and the succeeding cyclization successfully affords an

isoxazoloquinoline (Scheme 10).3¢

OH OH H O/\(
N

NO N X

Xy 72 Zn/AcOH Ny PPA
Y . 5 ——

N~ 0 80% N~ 0 81% N O
| |
Me Me Me

Scheme 10. Construction of the [c]-fused isoxazole ring

An efficient method for preparing diarylamines is developed by treating nitroarenes with

aryl Grignard reagents (Scheme 11).1?

o  ArlMgx o Ar'Mgx OMgX
Il I |
NI -
Ar2” 0 1 A A
Ar'OMgX
° l/ 2Ar MgX
H H' |\|/|gX
N Pl
Ar2” AL A2 N ~Arl

Scheme 11. Reaction of nitroarene and aryl Grignard reagent
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5,8-Dimethoxy-6-nitroquinolone reacts with aryl Grignard reagents to furnish 6-arylamino
derivatives (Scheme 12). The subsequent palladium-catalyzed successive oxidative coupling

and demethylation yield pyrido[3,2-b]carbazolequinones with potential anti-tumor activity.?’

OMe Me H OMe Me
R MgB R Yield/%
ON X O_ 9= Ar/N X -

- H 44
N (@) N 0 Me 41
|
OMe Me OMe Me F__ 42
H O Me
H 0,
Pd(OAG), N N R Yield/%
- H 59
O N O Me 45
O Me F 47
R

Scheme 12. Arylamination of nitroquinolone followed by cyclization

3.3.2 Activation of the vicinal position by a nitro group

The vicinal position of the nitro group is especially electron-deficient because of its both
electron-withdrawing inductive and resonance effects. The nitro group at the 3-position of
MeQone markedly activates a chloro group at the 4-position, promoting the nucleophilic
substitution of the chloro group to give 4-functionalized 3-nitroquinolones (Table 4). By this
method, functional groups such as fluoro, alkoxy, amino, azide, alkylthio groups, and

malonates are introduced at the 4-position.384
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Table 4. Nucleophilic substitution of 4-chloro-3-nitroquinolone.

Cl Nu
NO2 NO2
~ Nucleophile A
—_—
l}l O N O
Me Me
Nucleophile Nu Yield/% Nucleophile Nu Yield/%
KF / 18-Crown-6 F 95 PhNH> PhNH 98
MeONa MeO 85 PhCH2NH> PhCH>NH 94
PhOH / K>CO3 PhO 93 piperidine piperidino 96
CH2(COOMe)y/
EtSH / NEt3 EtS 95 CH(COOMe), 95
K>CO;s
- CH2(COOE), /
PhSH + pyridine PhS 96 CH(COOE), 94
K>CO;s
AcCH>COOEt/
NaNj; N; 95 AcCHCOOEt 90
K>CO;s
NCCH2COOEY
NH3 NH: 91 NCCHCOOEt 95
K>CO;s

On the other hand, when 1,2-ethanedithiol is used as the nucleophile in this transformation,
substitution followed by intramolecular conjugate addition proceeds to afford spiro thioacetal

(Scheme 13).4!

Cl Lo
S__S
_—
N~ 0 EtsN N“ o
Me 47% Me

Scheme 13. Tandem addition of ethanedithiol leading to a spiro compound

The malonate moieties at the 4-position of on the MeQone ring are activated by the
adjacent nitro group, and then an unsymmetrical amide ester is readily formed in the presence
of morpholine (Scheme 14).%° Interestingly, the reactivity of quinolylmalonate varies with the
alkoxy group of the ester function. While dealkoxycarbonylation proceeds in the case of
diethyl ester, an isoxazole ring is constructed on the [c]-face in the case of the dimethyl

ester.*0
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E]

EtO  OEt

N NO, O
7

EtO  OEt Et

C6H4C|2
42%

@)
. /
O Zz O
L

MeO OMe
@) (@]
N0 CgH4Cly
M o 86%

Scheme 14. Chemical transformation of malonylquinolones

Furthermore, when 5,8-dimethoxy-6-nitroquinolone is subjected to reaction with vinyl/aryl
Grignard reagents, the substitution of the methoxy group with vinyl or aryl group at the

5-position is also facilitated by the vicinal nitro group (Scheme 15).3742

OMe Me
H 0,
02N S MgBr R Yield/%
R H 94
Me 92
Ph 75

OMe Me OMe Me
R
R MgB R  Yield/%
H 18
Me 13
OMe Me OMe Me F 29

Scheme 15. Substitution with Grignard reagents
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3.3.3 Cycloaddition of nitroalkene moiety

Diels-Alder reactions at the nitroalkene moiety of 3-nitrated MeQones with electron-rich
dienes lead to benzoquinoline derivatives, which undergo aromatization accompanied by
elimination of a nitrous acid (Scheme 16). Although this method enables simultaneous C-C
bond formation at the 3- and 4-positions of the MeQone framework, severe reaction
conditions must be employed.**** To the contrary, trinitroquinolone (TNQ) quite easily

undergoes cycloaddition under mild conditions as detailed in the next section.

OMe
R NO, R
N X o-xylene = 0
+ _oxyene R=H  83%
N 0] ~ 180°C,5d N (0] NO, 68%
Me Me

R
m o-xylene O R=H 95%
Ve 180°C, 3d N~ ~O NO, 64%

R
m >L o-xylene O R=H 45%
180°C, 3d N™ -0 NO, 13%
Scheme 16. Diels-Alder reactions of 3-nitroquinolones

3.4 High reactivity of 1-methyl-3,6,8-trinitro-2-quinolone

Interested in the abovementioned results and with the aim of achieving versatile
functionalization of the MeQone framework, our group have always been focusing on the
chemistry of nitrated MeQones, especially highly electron-deficient
1-methyl-3,6,8-trinitro-2-quinolone (abbreviated as TNQ). TNQ exhibits significantly high
reactivity, and is used as a key precursor for versatile functionalized MeQone derivatives.'?

Indeed, TNQ reacts with versatile nucleophiles to undergo cine-substitution to prepare
4-functionalized 6,8-dinitro-1-methyl-2-quinolones (4FDNQ). Initially, the nucleophilic
substitution proceeds at the 4-position of TNQ to form adduct intermediate, then the proton is
transferred from basic group to the 3-position of adduct intermediate affording

3,4-dihydroquinolone. As a result of elimination of the vicinal nitro group, 4FDNQ is formed

15



(Scheme 17). This reaction enables the functionalization at the 4-position of TNQ with

forming a C-C or a C-N bond regioselectively.

'/ Base

Nu-H
( Nu el
\JH@?se
l}l 0] f\ll @)
02N Me 02N Me
1

Base —\'

H Nu Nu
H —_—
l}l 6] ITI 0]
N Me O,N  Me

O

Scheme 17. cine-substitution of TNQ

3.4.1 cine-Substitution of TNQ with carbon nucleophiles
Direct C-C bond formation at the 4-position of the MeQone framework is achieved upon
treatment of TNQ with carbon nucleophiles, including 1,3-dicarbonyl compounds,
nitroalkanes, aldehydes/ketones, enamines and phenoxides, leading to versatile skeletons.
When 1,3-dicarbonyl compounds such as B-diketones, B-keto esters and B-diesters easily
react with TNQ in the presence of triethylamine at room temperature, dicarbonyl methyl

groups are smoothly introduced at the 4-position (Table 5).2?
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Table 5. Reactions of TNQ with 1,3-dicarbonyl compounds

O O
R1 R2
O,N ~N% o o . N M
+ >
DGR L
O,N Me ON Me
TNQ 4FDNQ
R! R? Yield/%
CH>COOEt OEt 26
-(CHz)s- 60
Me Me 88
Me OEt 93
OEt OEt 93

Nitroalkylation of TNQ with a nitroalkane as a C-H acid proceeds in the presence of
triethylamine. While primary nitroalkanes undergo the cine-substitution efficiently, secondary

nitroalkanes with steric hindrance are less reactive, requiring longer reaction time (Table 6).%°

Table 6. Reactions of TNQ with nitroalkanes

R
RZ2_|_NO,
02N N02 1 02N
X . R\(NO2 Et;N _ X
o F N0
O5N Me O5N Me
TNQ 4FDNQ
R! R? Yield/%
Me H 80
Et H 98
Me Me 77

Functionalized ketones such as aliphatic, alicyclic, aromatic, and heteroaromatic ketones
also work well as carbon nucleophiles in the cine-substitution of TNQ, giving acylmethylated
product (Table 7).% Since the acylmethyl group is expected to serve as a scaffold for further

chemical transformations, this method would be useful for construction of a new libraries of
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compounds having a MeQone framework.

Table 7. Reactions of TNQ with aldehydes/ketones

O
R2 R
0 R3
OoN N NO, R2 EtzN O-N N
+ ﬁ)L R’ >

N" 70 R N" 0

O,N  Me O,N  Me
TNQ 4FDNQ
R! R? R? Yield/%

H Me Me 41
2-furyl H H 45
2-pyridyl H H 74
Me H H 83
Ph H H 83
Et Me H 18
Ph Ph H 69
Ph Me H 77
-(CHa)4- H 82

Treatment of TNQ with enamines lead to the formation of morpholinium salts, in which
intermediate iminium ions are hydrolyzed and deprotonation at the 3-position by the liberated

morpholine (Table 8).4¢
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Table 8. Reactions of TNQ with enamines

()
‘KJ 0
R? R2
R1 R3 R1_ R3 R1_
O,N N0 ) O,N NO, O,N NO, o
R
S Sl — )
COL™ X Lo
O,N  Me O,N  Me O,N  Me Hy
TNQ
R! R? R? Yield/%
(CHy)s- H 40
Ph Me H 43
Ph Ph H 98
H Me H 98

A combination of electrophilic TNQ and nucleophilic phenoxide ions results in the direct
arylation of the MeQone framework (Table 9).*” While phenol, 2-methylphenol, and
4-methoxyphenol undergo double substitution to afford bis(quinolyl)phenols, bulky or
electron-poor phenoxides give monoquinolylphenols as a sole product. As it is quite difficult
to straightforwardly introduce an aryl group into the MeQone framework, this method is

surely regarded as one of the more useful modifications.

19



Table 9. Reactions of TNQ with phenoxides

R Product Yield/%
H a 51
2-Me a 91
4-MeO b 67
3-Me c 35
4-Me c 82
4-NO» ¢ 36
O-Phenylene d 75

Nitriles represent an important structural motif in medicinal chemistry due to their versatile

biological activities.*®

Besides, nitriles have also been recognized as extremely useful
intermediates for the preparation of other useful building blocks.** Therefore, numerous
efforts have been dedicated to the development of methods for introducing cyano groups into
organic molecules.”® Inspired by the above methods for direct C-C bond formation on the
MeQone framework, potassium cyanide was used as a carbon nucleophile to react with TNQ

to prepare 4-cyano-2-quinolone derivative together with a dimeric product (Scheme 17).2°

CN
O,N NO O,N
2 AN 2 KCN 2 AN
N0 MeCN/MeOH N
| ° |
ON Me 0°C,2h ON Me
80%

Scheme 17. Reaction of TNQ with KCN
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When trimethylsilyl cyanide/cesium fluoride was employed to replace potassium cyanide,
cyanoquinolone was formed as the sole product without any detectable dimer (Scheme 18).%
While conventional strategies for cyanation of the MeQone framework often involve
multi-step reactions or severe conditions, the present method enables the cyanation through
facile schemes.>! Thus, this protocol will be used as a powerful tool for constructing a library
of versatile MeQone derivatives by the further chemical conversion of the cyano and nitro

functionalities.3!:#?

CN
O,N NO O,N
? NP MesSION/CSF N
'Tl 0 MeCN/MeOH N 0
ON Me n1d ON Me
96%

Scheme 18. Reaction of TNQ with Me3SiCN

3.4.2 cine-Substitution of TNQ with amines

When amines as the nucleophiles are reacted with TNQ, a C-N bond is formed at the
4-position (Table 10).52 Initially, a Meisenheimer complex is formed by the conjugate
addition of primary amines at the 4-position of TNQ and the subsequent deprotonation of
another molecule of amine. When Meisenheimer complex is heated, a small amount of
cine-substituted product is formed, together with recovery of a large amount of TNQ. In this
reaction, 3,4-dihydroquinolone is formed under equilibrium at reflux temperature, from which
the former product is afforded by deprotonation at the 4-position via route a, and the latter

product is a result of deprotonation at the 3-position via route b.
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Table 10. Reactions of TNQ with primary amines

NHR
O,N N NO, O5N NO, .
+ RNH, — RNH;
I}l O l}l @]
02N Me 02N Me
TNQ
80°C
RNH
NHR a\2,H (NHR
O,N N O,N CNO, .
- iy, ™
N" "0 HNo, N™ 7O ™= NHR  gNH,
O,N  Me O,N  Me
Yield/%
R
ammonium cine-substituted product
Pr 71 36
i-Bu 74 29
s-Bu 56 0
-Bu 74 0

On the other hand, when TNQ is treated with less nucleophilic tertiary amines,
dimerization proceeds to afford a dimer connected between the 3- and the 4’-positions (Table
12).3 The length and the number of alkyl chains of the amine have a significant impact on the
reaction rate. While tributylamine causes the reaction faster than tripropylamine and
triethylamine, no reaction proceeds in the cases of trimethylamine and tribenzylamine.

Therefore, more than two long alkyl chains are necessary for the reaction to occur efficiently.
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Table 12. Reactions of TNQ with tertiary amines

O,N XN NO, RZ R
+ N
I
02N Me
TNQ
R! R? R3 Yield/%
Me Me Bu 18
Et Et Et 34
Pr Pr Pr 76
Bu Bu Me 79
Bu Bu Bu 93

3.4.3 Cycloaddition of TNQ

Nitro compounds have been converted into various cyclic compounds via cycloaddition
reactions. In particular, nitroalkenes have proved to be useful in Diels-Alder reactions. Under
thermal conditions, they behave as electron-deficient dienophiles and react with dienes to
afford 3-nitrocyclohexenes (Scheme 19, a).>* Nitroalkenes can also act as heterodienes and
react with olefins in the presence of Lewis acid to yield alkyl nitronates, which undergo the
[3+2] cycloaddition (Scheme 19, b).>> Thus, nitro compounds play important roles in the

chemistry of cycloaddition reactions.

(a) as a dienophile

NO,
I N/
EDG N
EDG
(b) as a heterodiene
EDG
N0, _fPe_ o
/N\Of

Scheme 19. Dual reactivity of nitroalkene in the cycloaddition
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The pyridone moiety of TNQ exhibits nitroalkene property rather than aromaticity, which
means that the C3-C* moiety could undergo cycloaddition with electron-rich dienes under mild
conditions, compared with Diels-Alder reactions of 3-nitroquinlone and 3,6-dinitroquinolone
with electron-rich dienes require quite severe conditions.**** Indeed, cycloaddition of TNQ
with cyclopentadiene proceeds to furnish tetracyclic compounds (Scheme 20).° The

cycloadduct aromatizes with elimination of nitrous acid in the presence triethylamine.

O O
O.N o NO2 @ O,N ‘ O,N
NO, EtyN O
B —— —_—
N 0] N 0]

| 80°C,6h | 80°C, 12 h N™ "0

O,N Me O,N Me O,N Me
TNQ 74% 21%

Scheme 20. Diels-Alder reaction of TNQ with cyclopentadiene

On the other hand, the nitroalkene moiety of TNQ also serves as a heterodiene in the
reaction with ethoxyethene to construct a fused oxazine ring. The subsequent treatment of the
cycloadduct with alcohol under heating conditions yields an acetal through a ring opening

reaction (Scheme 21).%7

OEt OEt
0
H 2 H OR
02N \ NO2 OEt 02N ~ N\d 02N H
— ROH NO,
N™ ~0 rt, 2 d N™ "0 reflux, 0.5 h N" =0
02N Me O2N Me 02N Me
™G 82% R=Me 69 %
Et 72 %

Scheme 21. Cycloaddition of TNQ with ethoxyethene in the absence of Et:N

Interestingly, a quinolino[3,4-b5][1,9]diazaphenanthrene derivative is formed when the same

substrates are treated in the presence of triethylamine (Scheme 22).%7
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O,N NO, OEt
X
—/
N™~0 Et;N
ON  Me rt, 1d
TNQ

Scheme 22. Cycloaddition of TNQ with ethoxyethene in the presence of EtsN

In the present process, the former intermediate oxime behaves as an electron-rich
heterodiene and the latter TNQ behaves as an electron-poor dienophile. This mechanism is
supported by the experimental fact that polycyclic diazaphenanthrene is isolated in a moderate
yield as a result of cycloaddition of TNQ with a,B-unsaturated oxime as the electron-rich

heterodiene (Scheme 23).%7

Ph Ph
S OF N Ph.__~ | Ph
O,N N\OH O,N N
—_—
Et;N, 1d N™ ~0 N” 70
L ON  Me N O,N Me
41%

Scheme 23. Cycloaddition of TNQ with ethoxyethene in the presence of EtsN

4. Research purpose

Although MeQone derivatives play an important role in both medicinal chemistry and
organic synthesis, only few methods for direct functionalization of the MeQone framework
are currently available because of the inertness caused by the aromaticity. Accordingly,
development of a facile method for directly modifying the MeQone framework is one of the
highly demanded projects.

On the other hand, a variety of unnatural MeQone derivatives are easily prepared from
nitroquinolones. Especially, TNQ is highly reactive in direct C-C or C-N bond formation at
the 4- and 3-positions through cine-substitution or cycloaddition. However, in these protocols,
the substrate is only restricted to the highly electron-deficient quinolone TNQ. In order to
improve the synthetic utility of this method for directly modifying the MeQone framework,
novel functionalization protocols using diversely functionalized nitroquinolones are necessary

to be explored.
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In this thesis, direct 4-alkoxylation and 3-halogenation of the MeQone framework is
achieved by a sequential treatment of 3-nitrated MeQone with sodium alkoxide and
N-halosuccinimide (Scheme 24, a). Moreover, direct amino-halogenation and aziridination of
the MeQone framework was also achieved by replacing sodium alkoxides with amines as
nucleophiles (Scheme 24, b). In these two methods, based on the employment of alkoxide
anions or amines as nucleophiles, the scope of nitroquinolones has been successfully
expanded to 3-nitrated MeQones with different substituents on the benzene ring. Therefore,
these protocols will be surely useful as powerful tools for constructing a compound library of

MeQones with the purpose of finding bioactive compounds.

a) Direct alkoxy-halogenation

0
E‘éN—X OR!
R+ - — > R+
% l}l o
X =Cl, Br
b) Direct amino-halogenation and aziridination
RL R2 ilé
_RIR?NH _ =NO
- R RENH,—— >
X =Cl, Br RZ=H

Scheme 24. Direct and vicinal functionalization of 3-nitrated MeQones
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Part 11

1. Property of aziridines

Three-membered aza-heterocyclic compounds, aziridines, represent an important structural
motif in a large variety of natural products such as ficellomycin, porfiromycin, mitomycin,
maduropeptin, azinomycin, and miraziridine, and they reveal a series of biological activities,
such as antitumor, antimicrobial, and antibiotic activity (Figure 1).!* Therefore, isolation,
structural characterization, and total synthesis of aziridine-containing natural products have

received considerable attention from organic chemists in recent years.!
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Figure 1. Aziridine rings in bioactive natural products

Additionally, a multitude of unnatural compounds containing aziridine rings have also been

synthesized and reported to exhibit varied and extensive biological activities such as
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antileishmanial activity,® antibacterial activity,® estrogenic activity,” insecticidal activity,® and

antitumor activity.’

Q( )
0~y
HN\/Q\(
N O 0
Q\fo MOH
ci /\@ HO NH

N\ NH,
Cl_o At
(0]
antileishmanial antibacterial
HoN o
Me N Me VAN NAN

insecticidal anticancer

Figure 2. Examples of synthetic bioactive aziridines

Functionalized aziridines are not only biologically interesting components but also serve as
versatile building blocks for the synthesis of other nitrogen-containing compounds.!-!® The
instability of aziridines is attributable to the combined effects of bond shortening and angle
compression, and the reactivity is associated with the presence of the highly electronegative
nitrogen atom possessing basicity and nucleophilicity.!! Moreover, the exocyclic
N-substituents also have an important impact on the property and reactivity of the aziridine
ring.!!

Since aziridines are the nitrogen analogues of epoxides, they also display similar
electrophilic reactivity.!! As a result of ring strain, aziridines undergo various nucleophilic
ring opening reactions with various nucleophiles to yield nitrogen-containing compounds

such as substituted amines, diamines, amino alcohols and amino acids (Scheme 1).!%-13

31



R R30OH
|
N

BF3Et,0 CO,R?
LA\COsz 78‘89% R3O NHR1
NO,
R' 0] .
Y (O'Pr)s/ligand
N 0 :
) TMSN, NO, o RINHZ
R > NH — -
NO 93-99% :
2 ° R “NH,
O,N
NHR?R3
BIC|3 or B(C6H5)3
N-R >
93-99% R2R3
RMgBr
: NHTs
Cu(OTf)y/ligand
(P20~ ),
45-89%

Scheme 1. Ring opening of aziridines with nucleophiles

Nitrogen-containing heterocycles present as an important motif in both medicinal chemistry
and organic synthesis.!®!” During the last decades, a number of studies have been devoted to
the synthesis of a large variety of aza-heterocycles with highly structural diversity and
complexity.!® Among the several strategies available, cycloaddition is one of the most
efficient approaches since multiple bonds can be created in one step with high efficiency, site-
or stereoselectivity, and atom economy.!® 1,3-Dipolar cycloaddition has been disclosed as a
prevalent method for the construction of heterocyclic five-membered rings in organic
synthesis. 920

Aziridines are the one of the most widely used synthetic precursors for 1,3-dipoles through
C-C or C-N bond-breaking.?! Therefore, functionalized aziridines undergo [3+2]

cycloaddition with various dipolarophiles, such as alkenes, alkynes, and aldehydes to afford

five-membered aza-heterocycles (Scheme 2).%!
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Scheme 2. Aziridines in 1,3-dipolar cycloaddition

Furthermore, a substantial number of functionalized aziridines can be also transformed into

valuable compounds through ring expansion reactions (Scheme 3),2 multi-component

coupling reactions (Scheme 4),?* and rearrangement (Scheme 5).%4

Cul Me.
Me N,N-dimethylglycine N¥o
N + _//\ 5 ’ > 1)\N
VA B)V‘NH2 Br Ar 65-85% Ar
Ar™ \)
A
Scheme 3. Ring expansion reaction of aziridines
1
@‘ E JOL 18 c}:olj/vnB @ R o)
- i N
+ + H
£ R*""H " 54.729 SN
EWG » EWG R2
EWG = COOR, CN

Scheme 4. Three-component coupling involving aziridines
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Scheme 5. Rearrangement of aziridines
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Among the functionalized aziridines, C-nitroaziridines play an important role in chemical
transformations because of the strongly electron-withdrawing ability of the nitro group.
Treatment of 2,2’-dinitro-2,2’-diaziridines with sodium 1odide affords
3,3’-bi(1,2,4-0xadiazole) through C-C bond cleavage (Scheme 6).2° This kind of ring opening
can occur because of the driving effect of the nitro group which is able to delocalize the

nagative charge in the intermediate anion.

CO,Et H, R
N \NOZ Nal QAN’COZEt
R“%%W\ E— _ /N_ /CozEt
o,N" N R" O &R..
| _ \
CO,Et O/w\o H

R""Et0,c CO,EtH

Scheme 6. Nitro group driven ring enlargement of aziridine ring

In addition, a nitro group is a versatile precursor for diverse functionalities, providing
possiblity of C-nitroaziridines for further transfomation.?® Hence, the development of facile
methods for the preparation of C-nitroaziridines and efficient transformations of

C-nitroaziridines into other useful compounds is of great interest.

2. Synthesis of C-nitroaziridines

Direct aziridination of nitroalkenes is a powerful tool to introduce a nitrogen functionality
onto hydrocarbon scaffolds, leading to the formation of C-nitroaziridine rings. Thus, direct
aziridination of nitroalkenes for synthesizing diversely structural C-nitroaziridines has

captured considerable attention in modern organic synthesis.

2.1 Synthesis of N-Imido-C-nitroaziridines

N-Amino aziridines can be found in a variety of biologically active compounds.® Moreover,
N-aminoaziridines serve as synthetic precursors of o- and B-hydrazino acids.?’*® They also
can be regarded as constrained analogues of those hydrazino acids, providing a growing
interest in the preparation of peptidomimetics with particular structural and biological

properties such as antibiotic activity?’ and inhibition of the human leukocyte elastate.>°
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Treatment of nitroalkenes with N-aminoimides in the presence of an oxidant affords

N-imido-C-nitroaziridines through the oxidative addition (Scheme 7).3!-*2

NO, 2 Phl OAc),
A O B >y
2

FSC 67% IkNOZ
© F.C
- 0 Pb(OAc), O
)2y KoCOy _ £ NO2
o Ny 0% Nopye
PH “NH, b Y
S o

Scheme 7. Synthesis of N-imido-C-nitroaziridines through oxidative addition

2.2 Synthesis of N-alkoxycarbonyl-C-nitroaziridines
Electron-deficient nitroalkenes undergo aza-MIRC (Michael Initiated Ring Closure)
reactions with NSONHCO:zEt or TSONHCO:Et in the presence of a base, giving an access to

N-alkoxycarbonyl-C-nitroaziridines (Scheme 8).%3

NsONHCO,Et
NO, or Et02C\ NO,
1 TsONHCO,Et N 3
R = R3 P — R1 R
R? Base R?

Scheme 8. Aziridination of nitroalkenes with NsSONHCO,Et or TsONHCO,Et

2.3 Synthesis of N-aryl-C-nitroaziridines

Halonitroalkenes containing highly electrophilic C=C bond are widely used as reactive
synthons for furnishing various types of heterocycles.’* A two-step method was developed for
the synthesis of N-arylated aziridines invovling the nucleophilic addition of anilines to highly
electron-deficient 1-bromo-3,3,3-trichloro-1-nitropropene and base-promoted
dehydrobromination of the resulting adducts (Scheme 9).>3> Moreover, the use of aromatic

diamines in this transformation successfully affords bis-aziridines.
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Scheme 9. Aziridination of nitroalkenes with aromatic amines

As an alternative, N-aryl-C-nitroaziridines can also be obtained upon treatment of
3-nitroacrylate or 3-bromo-3-nitroacrylate with phenyl azide which affords a nitrene through

the loss of a molecular nitrogen (Scheme 10).%

COOR Ph
X%H + PAN; ————> X\T%COOR
NO, O2N
R = Me, Et
X =H, Br

Scheme 10. Aziridination of nitroalkenes with phenyl azide

3. Research purpose

Although many methods for the synthesis of N-functionalized C-nitroaziridines have been
disclosed, there is no report on the synthesis of N-alkyl-C-nitroaziridines from nitroalkenes
through direct aziridination, except for the multistep synthesis via B-bromonitroalkenes;

however, the substrate scope is not investigated further (Scheme 11).38

NO NO,

R
2 N02 \
Bra \ Base RNH N
% R e R\)\BI’ — » %\Br —2> )%Noz
Rl

R Br R
R = alkyl

Scheme 11. Synthesis of N-alkyl-C-nitroaziridines through multistep schemes

Thus, a facile and efficient aziridination of nitroalkenes for the synthesis of N-alkylated
nitroaziridines is of great interest.

As part of my continuing interest in methods for the direct functionalization of the
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2-quinolone framework, we achieved the direct aziridination by sequential treatment of
3-nitro-1-methyl-2-quinolones with an amine and N-chlorosuccinimide (NCS), which is

described in detail in Chapter 3 (Scheme 12).

Pr
o HN
IR 2 TN 1 INO,
R—r +PrNH, + NCS —— R+
= l}l o = l}l o
Me Me

Scheme 12. Direct aziridination of 3-nitro-1-methyl-2-quinolones

Inspired by this protocol, direct aziridination of nitroalkenes for preparing
N-alkyl-C-nitroaziridines is developed by sequential treatment with aliphatic amine and NCS

(Scheme 13).

/7 +RNH+NCS —= ))"'Noz
R
RI
R = alkyl

Scheme 13. Synthesis of N-alkyl-C-nitroaziridines

References

1. (a) Degennaro, L.; Trinchera, P.; Luisi, R. Chem. Rev., 2014, 114, 7881; (b)
Sweeney, J. B. Chem. Soc. Rev., 2002, 31, 247.

2. Hanada, M.; Ohkuma, H.; Yonemoto, T.; Tomita, K.; Ohbayashi, M.; Kamei, H.; Miyaki,
T.; Konishi, M.; Kawaguchi, H.; Forenza, S. J. Antibiot., 1991, 44, 403.

3. Tsuchida, T.; linuma, H.; Kinoshita, N.; Ikeda, T.; Sawa, R.; Takahashi, Y.; Naganawa, H.;
Sawa, T.; Hamada, M.; Takeuchi, T. J. Antibiot., 1993, 46, 1772.

4. Nakao, Y.; Fujita, M.; Warabi, K.; Matsunaga, S.; Fusetani, N. J. Am. Chem. Soc., 2000,
122, 10462.

5. Ponte-Sucre, A.; Vicik, R.; Schultheis, M.; Schirmeister, T.; Moll, H. Antimicrob Agents
Chemother., 2006, 50, 2439.

6. Gerhart, F.; Higgins, W.; Tardif, C.; Ducep, J. B. J. Med. Chem., 1990, 33, 2157.

7. Zablocki, J. A.; Katzenellenbogen, J. A.; Carlson, K. E.; Norman, M. J.; Katzenellenbogen,
B. S.J. Med. Chem., 1987, 30, 829.

8. Holloway, S. J.; Scott, J. G.; Casida, J. E.; Ruzo, L. O. J. Agric. Food Chem., 1986, 34,

37



1057.

9. Huang, C. H.; Kuo, H. S.; Liu, J. W.; Lin, Y. L. Molecules 2009, 14, 2306.

10. (a) Stankovic, S.; D’hooghe, M.; Catak, S.; Eum, H.; Waroquier, M.; Van Speybroeck, V.;
De Kimpe, N.; Ha, H. J. Chem. Soc. Rev., 2012, 41, 643; (b) de Ceglie, M.; Musio, B.;
Affortunato, F.; Moliterni, A.; Altomare, A.; Florio, S.; Luisi, R. Chem. Eur. J., 2011, 17,
286; (c) Singh, G. S.; D’hooghe, M.; De Kimpe, N. D. Chem. Rev., 2007, 107, 2080; (d)
Padwa, A.; Murphreeb, S. S. ARKIVOC 2006, (iii), 6; (¢) Coldham, I.; Hufton, R. Chem.
Rev., 2005, 105, 2765; (f) Hu, X. E. Tetrahedron 2004, 60, 2701.

11. Pearson, W. H.; Lian, B. W.; Bergmeier, S. C. Comprehensive Heterocyclic Chemistry II;
Pergamon, New York, 1996.

12. Bodenan, J.; Chanet-Ray, J.; Vessiere, R. Synthesis 1992, 288.

13. Fukuta, Y.; Mita, T.; Fukuda, N.; Kanai, M.; Shibasaki, M. J. Am. Chem. Soc., 2006, 128,
6312.

14. (a) Watson, D. G.; Yudin, A. K. J. Org. Chem., 2003, 68, 5160; (b) Swamy, N. R.;
Venkateswarlu, Y. Synth. Commun., 2003, 33, 547.

15. Miiller, P.; Nury, P. Helv. Chim. Acta., 2001, 84, 662.

16. (a) Asif, M. Int. J. Bioorg. Chem., 2017, 2, 146; (b) Garuti, L.; Roberti, M.; Pizzirani, D.
Mini. Rev. Med. Chem., 2007, 7, 481.

17. (a) Quinones, R. E.; Glinkerman, C. M.; Zhu, K.; Boger, D. L. Org. Lett., 2017, 19, 3568;
(b) Wang, Y.; Wu, Y.; Li, Y.; Tang, Y. Chem. Sci., 2017, 8, 3852; (c) Das, S.; Hong, D.;
Chen, Z.; She, Z.; Hersh, W. H.; Subramaniam, G.; Chen, Y. Org. Lett., 2015, 17, 5578; (d)
Moses, J. E.; Moorhouse, A. D. Chem. Soc. Rev., 2007, 36, 1249.

18. (a) Wang, W.; Wei, F.; Ma, Y.; Tung, C. H.; Xu, Z. Org. Lett., 2016, 18, 4158; (b) Yan,
H.; Wang, H.; Li, X.; Xin, X.; Wang, C.; Wan, B. Angew. Chem. Int. Ed., 2015, 54, 10613;
(c) Feng, H.; Tan, R.; Liu, Y. Org. Lett., 2015, 17, 3794; (d) Deiters, A.; Martin, S. F.
Chem. Rev., 2004, 104, 2199.

19. (a) Nishiwaki, N. Methods and Applications of Cycloaddition Reactions in Organic
Syntheses; Wiley, 2014; (b) Kobayashi, S.; Jergensen, K. A. Cycloaddition Reactions in
Organic Synthesis; Wiley, New York, 2002.

20. (a) Heaney, F.; Fenlon, J.; O'Mahony, C.; McArdle, P.; Cunningham, D. J. Chem. Soc.,
Perkin Trans. 1, 2001, 3382; (b) Padwa, A.; Pearson, W. H. Synthetic Applications of
1,3-Dipolar Cycloaddition Chemistry Toward Heterocycles and Natural Products; Wiley,
New York, 2002.

21. (a) Dauban, P.; Malik, G. Mediterr. J. Chem., 2013, 2, 583; (b) Dauban, P.; Malik, G.

38



2009, 48, 9026.

22. Wang, J.; Hu, Y.; Wang, D.; Pan, J.; Huang, Z.; Wang, M. Chem. Commun., 2009, 422.

23. Roy, T.; Thangaraj, M.; Gonnade, R. G.; Biju, A. T. Chem. Commun., 2016, 52, 9044.

24. Sugihara, Y.; limura, S.; Nakayama, J. Chem. Commun., 2002, 21, 134.

25. Ciogli, A.; Fioravanti, S.; Gasparrini, F.; Pellacani, L.; Rizzato, E.; Spinelli, D.; Tardella,
P. A.J. Org. Chem., 2009, 74, 9314.

26. Ono, N. The Nitro Group in Organic Synthesis; Wiley-VCH: New York, 2001.

27. Leighton, J. L.; Valdez, S. C. J. Am. Chem. Soc., 2009, 131, 14638.

28. Kapron, J. T.; Santarsiero, B. D.; Vederas, J. C. J. Chem. Soc., Chem. Commun., 1993,
1074.

29. Chakraborty, T. K.; Ghosh, A. Indian J. Chem., Sect. B., 2001, 40, 895.

30. Guy, L.; Vidal, J.; Collet, A.; Amour, A.; Reboud-Ravaux, M. J. Med. Chem., 1998, 41,
4833.

31. Schweitzer-Chaput, B.; Keita, M.; Milcent, T.; Ongeri, S.; Crousse, B. Tetrahedron 2012,
68, 7028.

32. Zibinsky, M.; Butkevich, A. N.; Kuznetsov, M. A. Tetrahedron Lett., 2008, 49, 5505.

33. (a) Fioravanti, S.; Pellacani, L.; Vergari, M. C. J. Org. Chem., 2013, 78, 8203; (b)
Fioravanti, S.; Marchetti, F.; Pellacani, L.; Ranieri, L.; Tardella, P. A. Tetrahedron:
Asymmetry 2008, 19, 231; (c) Fioravanti, S.; Pellacani, L.; Stabile, S.; Tardella, P. A.
Tetrahedron 1998, 54, 6169; (d) Fioravanti, S.; Pellacani, L.; Stabile, S.; Tardella, P. A.
Tetrahedron Lett., 1997, 38, 3309.

34. Ayyagari, N.; Jose, D.; Mobin, S. M.; Namboothiri, I. N. N. Tetrahedron Lett., 2011, 52,
258.

35. Berestovitskaya, V. M.; Makarenko, S. V.; Bushmarinov, I. S.; Lyssenko, K. A.; Smirnov,
A. S.; Stukan’, A. E. V. Russ. Chem. Bull., 2009, 58, 1023.

36. Stukan, E. V.; Makarenko, S. V.; Trukhin, E. V.; Berestovitskaya, V. M. Russ. J. Gen.
Chem., 2010, 80, 2460.

37. Anisimova, N. A.; Berestovitskaya, V. M.; Berkova, G. A.; Makarova, N. G. Russ. J. Org.
Chem., 2007, 43, 652.

38. (a) Tronchet, J. M. J.; Pallie, K. D.; Rey, F. B. J. Carbohydr. Chem., 1985, 4, 29; (b)
Edasery, J. P.; Cromwell, N. H. J. Heterocycl. Chem., 1979, 16, 831.

39



Chapter 2. Direct 4-Alkoxylation and 3-Halogenation of
the 1-Methyl-2-quinolone Framework

Direct 4-alkoxylation and 3-chlorination of the MeQone framework was achieved under
mild conditions by a sequential treatment of 3-nitrated MeQones with sodium alkoxide and
N-chlorosuccinimide. Moreover, a succinimide group could be introduced instead of an

alkoxy group at the 4-position, affording a masked form of the 4-amino-3-chloro-2-quinolone

derivative.
OR
X
1)RONa R@\)\/\[
> R
W sy TN
O ' 0] Me
X X=ClI, Br
AN N0
Ra
=

N | NNa
ul "

Figure 1. Direct functionalization of the MeQone framework

1. Introduction

The 1-methyl-2-quinolone (MeQone) framework is present in more than 300 quinoline
alkaloids exhibiting versatile biological activities.! In addition to the synthesis of naturally
occurring MeQones, the synthesis of unnatural MeQone derivatives has attracted much
attention because it allows access to new biologically active compounds,>? among which
MeQone derivatives possessing a hydroxy/an alkoxy group at the 4-position are important.?
Moreover, the enol partial structure is a useful scaffold for the modification of the MeQone
framework.? Despite their usefulness, 4-alkoxylated MeQones have not been prepared by the
direct alkoxylation of MeQone because of the inertness caused by the aromaticity.* Instead,
an alkoxy group has been introduced into MeQone by the alkylation® of 4-hydroxylated
MeQones constructed from anthranilic acid derivatives® or N-methylanilines.” However, it is
difficult to modify the MeQone framework because of the low availability of the

corresponding starting materials. Hence, the development of a direct alkoxylation method for
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the MeQone framework is in high demand.

We have shown that 1-methyl-3,6,8-trinitro-2-quinolone (TNQ) is highly reactive among
MeQones to form either a C—C or a C—N bond at the 4-position regioselectively or to undergo
a cycloaddition reaction readily.®!! Inspired by these results, we envisioned that a direct C-O
bond formation at the 4-position of MeQone would be possible by the treatment of 3-nitrated
MeQones including TNQ with an alkoxide ion. In this case, it is necessary to trap the anionic
adduct intermediate by an electrophile because a heteronucleophile is easily eliminated even
though it adds to TNQ.!® We focused on the halogenation because MeQones bearing both an
alkoxy and a halo group serve as important precursors for various types of compounds.'>!3

Halogenation at the 3-position of the MeQone framework is usually achieved by the
treatment of 4-hydroxylated MeQones with halogenating agents such as thionyl chloride,'
N-bromosuccinimide (NBS),!> bromine,'® N-iodosuccinimide (NIS)'* and iodine.!” However,
only a few examples of the halogenation of 4-alkoxylated MeQone have been reported,'>!3
and there is no report on 3-chlorination. Hence, direct bis-functionalization, 4-alkoxylation

and 3-halogenation, using 3-nitrated MeQones would afford a new synthetic intermediate for

the construction of a new compound library of MeQone derivatives.

2. Results and Discussion
2.1 Micheal addition of TNQ with sodium alkoxide

To evaluate the potential for vicinal functionalization, TNQ was chosen as a model
substrate. When TNQ was treated with sodium methoxide in methanol at room temperature,
the color of the solution immediately became reddish yellow, and a yellow solid precipitated
in the reaction mixture (Scheme 1). In the 'H NMR of solid 1a collected by filtration, two
new singlet signals appeared at 3.15 and 5.96 ppm instead of the disappearance of the singlet
at 9.26 ppm assigned to the proton at the 4-position of TNQ. This spectral change indicated
that a methoxide ion was added to the 4-position of TNQ, as confirmed by the correlations of
the methoxy group with H-4 and H-5 in the 'H-'H NOESY 2D spectrum. Furthermore, a
signal for C-4 was observed at 73 ppm in the 3C NMR spectrum, indicating the change from
the sp? carbon to the sp® carbon. Although 1a was confirmed to have a methoxylated structure,
TNQ was reproduced by the treatment of 1a with hydrochloric acid. Moreover, 1a was highly
soluble into water. Hence, product 1a exists in an anionic form stabilized by the adjacent nitro
and carbonyl groups. Sodium ethoxide caused a similar reaction, affording 1b quantitatively.
On the other hand, precipitates were not observed during the reaction in other alcohols;

however, the similar formation of the corresponding adducts 1 was confirmed by the 'H NMR
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spectrum of the residue after the removal of the solvent.

RO, H
RONa
O,N N0 g 3equvy O _NO,
ROH.1t.4h Na"
3 '}l o) , I 'Tj e
02N Me 02N Me
TNQ R=Me 1a 81%

R=Et 1b quant.
Scheme 1. 4-Alkoxylation of TNQ

2.2 Optimization of the chlorination conditions

Next, adduct 1la was reacted with N-chlorosuccinimide (NCS) in dichloromethane,
affording the 3-chlorinated product, 4-methoxy-3-chloro-1-methyl-6,8-dinitro-2-quinolone
(MeO-CI-DNQ), in 45% yield (Table 1, entry 1). The structure was confirmed from the
following spectral data. In the MS spectrum, the molecular ion peaks (313 and 315) were
observed in a 3:1 intensity ratio, indicating that a chlorine atom was introduced. Although the
H-4 signal disappeared, the signal of the methoxy group remained in the 'H NMR.
Furthermore, the signal assigned to C-4 shifted from 73 to 160 ppm in the '*C NMR
spectrum.

Polar solvents were suitable for this reaction; the yield was increased up to 85% when
acetonitrile was used (entries 2—5). The methoxy group of 1a did not exchange with an ethoxy
group even though the reaction was carried out in ethanol (entry 3). In each case, 4-imidated
product 2 was also obtained and became the major product when DMF was used as the

solvent (entry 4).

42



Table 1. Solvent effect on the chlorination and imidation

OAO
O5N _N02 (1.2 equiv.) O5N N Cl O.N N Cl
Ng* ———— +
N"o r,6h N"o N"o
O5N Me O5N Me O,N Me
1a MeO-CI-DNQ 2
Yield/%
Entry Solvent
MeO-CI-DNQ 2
1 CH-CI, 45 trace
2 THF &3 11
3 EtOH 76 7
4 DMF 35 40
5 MeCN 85 10

2.3 Study on alkoxide scope

Under these optimized reaction conditions, EtO-CI-DNQ was obtained similarly as a

o=\ =o

yellow solid in 73% yield along with 2 in 21% yield (Scheme 2).

EtO_ H NCS QFt N
O2N NO; (1.2 equiv.) ON O 0N - C
~ Na' > *
'Tl 0 MeCN, rt, 6 h [}j 0] [}1 (0]
O,N Me O5N Me O.N Me
1b EtO-CI-DNQ (73%) 2 (21%)

Scheme 2. 4-Ethoxylation and 3-chlorination of the MeQone framework

In the cases of other chloroalkoxylations, a one-pot method was used to simplify the
experimental operations (Table 2, entries 1-6). Namely, after a solution of TNQ and sodium
alkoxide in alcohol was stirred at room temperature for 4 h, a solution of NCS in acetonitrile
was added, and the resulting mixture was stirred at room temperature for further 6 h. Then,
the solvent was removed, and the residue was purified to afford RO-CI-DNQ in a moderate
yield. Moreover, an allyloxy or a propargyloxy group was introduced at the 4-position,

facilitating further chemical transformations (entries 5 and 6).
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Table 2. One-pot alkoxy-chlorination

OR O/A/I\A\O
ON SN2 (ﬁgeNc?ui/.) (1.2N§$iv.)ozN N ON N
\Q\/I\HIO ROH  MeCN Nge ’ N"~0
O,N Me rt,4h r,6h O,N  Me O,N Me
TNQ RO-CI-DNQ 2
Yield/%
Entry R
RO-CI-DNQ 2
1 Bu 42 10
2 i-Bu 46 0
3 i-Pr 45 0
4 PhCH>CH2 (Phet) 55 0
5 Allyl 51 0
6 Propargyl (Prg) 29 20

2.4 Scanning of halogenating agents

To expand the substrate scope of this protocol, sodium salt 1a was reacted with other
N-halosuccinimides. Bromination using NBS afforded the corresponding
MeO-Br-DNQ in 62% yield (Scheme 3). In this reaction, 4-methoxylated
trinitroquinolone 3 was also obtained in 27% yield, probably because of the higher
leaving ability of bromide than chloride. Indeed, product 3 was obtained without
detectable MeO-I-DNQ in the reaction of 1a with NIS. On the other hand, neither the
alkoxylated product nor halogenated product was formed in the reactions using Br, ICL,

and I; as the halogenating agent.
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O,N NO, NBS = o,N Br
X
- Ng* (1.2 equiv.) + 3(27%)
MeCN
'}l © rt, 6 h '}l ©
O,N  Me O,N  Me
1a MeO-Br-DNQ (62%)
OMe
NIS O.N NO,
(1.2 equiv.) N
MeCN N~ 0
|
3 (29%)

Scheme 3. Reactions of 1a with other N-halosuccinimides

2.5 Scanning of 3-nitrated MeQones

In our previous work, we had clarified the high reactivity of TNQ was caused by the steric
repulsion between the 1-methyl and 8-nitro groups, distorting the MeQone framework to
reduce the aromaticity.” To the contrary, such steric repulsion was not crucial for this reaction
because of the high nucleophilicity of the alkoxide anion.
1,8-Dimethyl-3,6-dinitro-2-quinolone (4), 1-methyl-3,6-dinitro-2-quinolone (5§) underwent
the 4-alkoxylation efficiently under the same conditions to afford adducts 6 and 7 without
observation of a considerable decrease of the yield, respectively (Scheme 4). Subsequent
chlorination of 6 and 7 also proceeded upon treatment with NCS leading to 8 and 9 in high

yields, respectively.

MeO_ H
02N AN N02 MeONa 02N _N02
(1.3 equiv.) Na*
l\ll O MeOH, rt,4h l}l O
R Me R Me
R =Me 4 R=Me 6 79%
=H 5 H 771%
NCS_ O,5N N Cl  OyN X Cl
(1.2 equiv.)
6,7 ———» +
MeCN, rt, 6 h N™ "0 N™ =0
R Me R Me
R =Me 8 78% R =Me 10 0%
H 973% H 114%

Scheme 4. Study on scope of 3-nitrated MeQones
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2.6 cine-Substitution of 1,8-dimethyl-3,5-dinitro-2-quinolone 12

On the other hand, when 1,8-dimethyl-3,5-dinitro-2-quinolone 12 was employed as the
substrate, cine-substituted product 13 was obtained without any detectable adduct
intermediate 14. In this reaction, addition of a methoxide surely occurred to afford 14,
however, it is not stable because of steric repulsion with peri-substituent. In order to release
this repulsion, proton transfer to the 3-position is considered to occur, which undergoes the
elimination of nitrite ion accompanied by aromatization to afford cine-substituted product 13

(Scheme 5).

02N 02N OMe
AN NO2  MeONa AN
(1.3 equiv.)
_—
N™ O MeOH, rt, 4 h N- "0
Me Me Me Me
12 13 (72%)
MeO
02N \§\ ON'l_? 02N OMe
INO, Ay H
- = woz
'Tl 0] N @]
Me Me Me Me
L 14 _

Scheme 5. Reaction of 3,5-dinitroquinolone 12 with sodium methoxide

2.7 Control experiments

To elucidate the mechanism of the reaction, several experiments were carried out. This
reaction should proceed via 3,4-dihydroquinoline intermediate 15 from which nitrous acid is
eliminated, affording RO-X-DNQ. Although all other attempts to isolate 15 were
unsuccessful, the reaction of 1a with NCS in CH2Cl> in a short reaction time (0.5 h)
successfully produced 15 in 45% yield. Dihydroquinoline 15 remained unreacted when a
solution of 15 in acetonitrile was stirred at room temperature for 6 h. In contrast, the same
solution in the presence of triethylamine furnished MeO-CI-DNQ quantitatively (Scheme 6).
In this reaction, sodium succinimide (Na-SI) may have acted as a base. Indeed, the addition of
Na-SI facilitated the elimination of nitrous acid from 15, affording MeO-CI-DNQ

quantitatively without any detectable imidation product 2 (Scheme 6).
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Base

MeO  H (1 equiv.) oM
O,N © NO, MeCN ©
Cl rt, 6 h O O
N" "0 Base Yield/% N"o
ON  Me none 0 O,N  Me
NEt; quant.
15 Na-ol  quant MeO-CI-DNQ

Scheme 6. Elimination of nitrous acid from intermediate 15

Next, some experiments were carried out to obtain insights into the imidation. When
MeO-CI-DNQ was reacted with equimolar Na-SI, no reaction occurred, indicating that
product 2 was not formed from MeO-CI-DNQ. On the other hand, chloroimidation occurred
by the treatment of TNQ with NCS and Na-SI (Scheme 7). Hence, imidation proceeds
competitively with the alkoxylation of TNQ.

L
O O
i o=\ =o

N
O.N N0 (1 equiv.) O,N O
+ Em—
N~ 0 MeCN N~ 0
| A rt, 6 h !
02N Me 0 N 0 02N Me
TNQ Na 2 (65%)
(1 equiv.)

Scheme 7. Chloro-imidation of TNQ

2.8 A plausible mechanism for the formation of MeO-CI-DNQ and 2

Based on the abovementioned results, a plausible mechanism of this transformation is
illustrated in Scheme 8. The reaction is initiated with the nucleophilic addition of an alkoxide
at the 4-position of TNQ, furnishing 1a as a relatively stable sodium salt. The reaction of 1a
with NCS facilitates chlorination at the 3-position by nucleophilic substitution, affording
3.,4-dihydroquinoline 15. Then a nitrous acid molecule is eliminated, leading to the formation
of bis(functionalized) product MeO-CI-DNQ. In some cases, TNQ was regenerated under
equilibrium and then underwent nucleophilic addition with Na-SI followed by chlorination
and rearomatization, affording imidated product 2.

In the chlorination step of 1a, NCS approaches from the trans direction to avoid the steric

hindrance of the methoxy group. Hence, nitrous acid is preferentially eliminated over

47



hydrogen chloride in the next rearomatization step because a hydrogen atom and a nitro group

are antiperiplanar.'

@) 0
[a)] —
/ Cl—N N
- MeO_ H O
ON N0z MEO N Nno, O ON
L - .9
N O N 0
| ;
ON  Me MO O,N Me
TNQ 1a
o)
O,N
.-
N"o
o o O,N  Me
O MeO-CI-DNQ
~ _
0 C'—Nij "o L
o) o)
o,N_© __NO, O,N 2 Cl O,N e
SN ' N0
N™ "0 N™ 70 HNO, )
O,N  Me ON  Me ON  Me

Scheme 8. A plausible mechanism for the formation of MeOQ-CI-DNQ and 2

2.9 Transformations of MeO-CI-DNQ and 2

Finally, to illustrate the synthetic potential of this protocol, compound MeO-CI-DNQ was
subjected to Suzuki—Miyaura coupling reaction!® because MeQones possessing an alkoxy
group and an aryl group at the vicinal positions serve as o4 integrin inhibitors.? When
MeO-CI-DNQ was reacted with 4-methylphenylboronic acid in the presence of a palladium
catalyst, arylated product 16 was successfully obtained in a moderate yield (Scheme 9).

M
OMe P?%z(PIIDC;:;)z OMe ‘ ¢
molo
ON ¢ Cs,COs (1.5 equiv.) 2N N
¥ Me@B(OH)z >
l}l O 1,4-I?ioxane N e}
ON  Me (1.5 equiv.) 100 C, 1d ON Me
MeO-CI-DNQ 16 (54%)

04 Integrin inhibitor

Scheme 9. Suzuki-Miyaura coupling reaction using MeO-CIl-DNQ

Moreover, the imido-chlorinated product 2 can be regarded as a masked form of aminated

quinolone, NH2-CI-DNQ. Indeed, NH>-CI-DNQ was isolated in 51% yield by the
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hydrazinolysis of compound 2 (Scheme 10). Aminated MeQones are usually synthesized by
chemical conversion from hydroxy derivatives via chloro derivatives.?! As an alternative
approach, a ring is also constructed on an aniline derivative. However, no direct amination
method for the MeQone framework has been reported, except for our report.?> Hence, this

imidation is a useful method for the direct aminochlorination of the MeQone framework.

o=

N NH,
NH,NH,-H,0
O,N Cl 2NH2H0 o N Cl
2 N (27equiv) N
N0 MeOH N0
! reflux, 3 h !
O,N  Me ’ O,N  Me
2 18 (51%)

Scheme 10. Hydrazinolysis of imidated product 2

3. Conclusion

I have developed a direct and vicinal functionalization of the MeQone framework under
mild conditions by the treatment of 3-nitrated MeQones with sodium alkoxides followed by
treatment with NCS. This procedure facilitates the regioselective halo-alkoxylation readily
with simple experimental manipulations. Moreover, chloro-imidation proceeded, leading to
4-imidated product 2 which is an equivalent of aminated MeQone. The prepared vicinally
functionalized MeQones will serve as key synthetic intermediates for versatile MeQones. As
one example, the palladium-catalyzed arylation at the 3-position was demonstrated. Hence,
this protocol will be used as a powerful tool for constructing a compound library of

MeQones.

4. Experimental section
4.1 General information

The melting points were determined on a Yanaco micro-melting-points apparatus, and are
uncorrected. All the reagents and solvents were commercially available and used as received.
The 'H NMR spectra were measured on a Bruker Ascend-400 at 400 MHz with
tetramethylsilane as an internal standard. The '3C NMR spectra were measured on a Bruker
Ascend-400 at 100 MHz, and assignments of '3C NMR spectra were performed by DEPT
experiments. The IR spectra were recorded on a JASCO FT/IR-4200 spectrometer. The mass
spectra and high-resolution mass spectra were measured on an AB SCIEX Triple TOF 4600.
The gas chromatography mass spectrum was measured on a JEOL JMS-Q1050GC Ultra Quad
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GC/MS.

4.2 General procedure for the preparation of 3-nitrated quinolones

1-Methyl-2-quinolone was prepared from quinoline by methylation with Me>SO4 followed
by oxidation with K3[Fe(CN)s] under alkaline conditions. Nitration of 1-methyl-2-quinolone
with fuming HNOs3 afforded TNQ in 86% total yield.?

Other nitroquinolones 4, 5 and 12 were also prepared in a similar way. Dinitroquinolones

were obtained when milder reaction conditions were used in the nitration step.’

4.3 General procedure for synthesis of 1a and 1b

To a solution of TNQ (500 mg, 1.70 mmol ) in MeOH (5.5 mL), was added a solution of
NaOMe (119 mg, 2.21mmol) in MeOH (0.6 mL), and the resultant mixture was stirred at
room temperature for 4 h. The precipitated solid was collected by filtration to afford 1a (474
mg, 1.36 mmol, 81%) as a yellow powder. The reaction of TNQ with NaOEt was performed
to prepare 1b in a similar way.
(6,8-Dinitro-4-methoxy-1-methyl-2-o0xo0-1,2,3,4-tetrahydroquinolin-3-yl)sodium (1a)

Yellow powder (474 mg, 1.36 mmol, 81%); mp 218-220 °C (dec.); 'H NMR (DMSO-ds,
400 MHz) 6 = 2.97 (s, 3H), 3.15 (s, 3H), 5.96 (s, 1H), 8.55 (d, J = 2.4 Hz, 1H), 8.60 (d, J =
2.4 Hz, 1H); '*C NMR (DMSO-ds, 100 MHz): 3 = 33.6 (CH3), 53.9 (CH3), 73.0 (CH), 106.6
(C), 121.1 (CH), 126.9 (CH), 129.8 (C), 137.2 (C), 139.0 (C), 139.2 (C), 159.9 (C); IR: v
(cm™) 1634, 1531, 1520; HRMS (ESI): Caled for Ci1HioNsNaOg [(M+H)*]: 349.0391, found
349.0386.
(6,8-Dinitro-4-ethoxy-1-methyl-2-0xo0-1,2,3,4-tetrahydroquinolin-3-yl)sodium (1b)

Yellow powder (615 mg, 1.70 mmol, quant.); mp 213-215 °C (dec.); 'H NMR (DMSO-ds,
400 MHz) ¢ = 1.02 (t, J = 6.8 Hz, 3H), 2.97 (s, 3H), 3.47 (q, J = 6.8 Hz, 2H), 6.03 (s, 1H),
8.53 (d, J = 2.8 Hz, 1H), 8.59 (d, J = 2.8 Hz, 1H); '*C NMR (DMSO-ds, 100 MHz) & = 15.4
(CH3), 33.6 (CH3), 61.7 (CHy), 71.7 (CH), 107.1 (C), 121.0 (CH), 126.7 (CH), 130.5 (C),
137.2 (C), 138.9 (C), 139.2 (C), 160.0 (C); IR: v (cm™") 1633, 1537, 1531; HRMS (ESI) Calcd
for C12H12N4NaOs [(M+H)*]: 363.0547, found 363.0541.

4.4 General procedure for synthesis of MeO-CI-DNQ and EtO-CI-DNQ
To a solution of 1a (70 mg, 0.20 mmol) in MeCN (1.0 mL), NCS (32 mg, 0.24 mmol) was
added, and the resultant mixture was stirred at room temperature for 6 h. Then, the solvent

was evaporated to afford a reaction mixture as a yellow residue, from which MeO-CI-DNQ
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was isolated through SiO> column chromatography (eluted with CH2Clo/hexane = 4/1),
respectively. EtO-CI-DNQ was prepared in a similar way.
3-Chloro-4-methoxy-1-methyl-6,8-dinitroquinolin-2(Z/H)-one (MeO-CI-DNQ)

Yellow powder (53 mg, 0.17 mmol, 85%); Rr = 0.21 (CH:Cly/hexane = 4/1); mp
170—171 °C; 'H NMR (CDCls, 400 MHz) & = 3.54 (s, 3H), 4.35 (s, 3H), 8.73 (d, J = 2.4 Hz,
1H), 8.99 (d, J = 2.4 Hz, 1H); '3C NMR (CDCls, 100 MHz) & = 35.7 (CH3), 62.1 (CH3), 116.0
(©), 121.2 (C), 122.4 (CH), 122.7 (CH), 135.2 (C), 139.0 (C), 140.8 (C), 157.9 (C), 160.0 (C);
IR: v (cm™) 1667, 1537, 1531; MS (ED): 315 (M+2), 313 (M), 283 (100), 149 (67); HRMS
(ESI) Calcd for Ci1HoCIN3Og [(M+H)*]: 314.0174, found 314.0165.
3-Chloro-4-ethoxy-1-methyl-6,8-dinitroquinolin-2(7 H)-one (EtO-CI-DNQ)

Yellow powder (46 mg, 0.14 mmol, 73%); Rr = 0.21 (CH:Cly/hexane = 4/1); mp
161-163 °C; '"H NMR (CDCl3, 400 MHz) & = 1.59 (t, J= 6.8 Hz, 3H), 3.54 (s, 3H), 4.62 (q, J
= 6.8 Hz, 2H), 8.72 (d, J= 2.8 Hz, 1H), 8.99 (d, J= 2.8 Hz, 1H); '3C NMR (CDCls, 100 MHz)
6 =15.7 (CH3), 35.7 (CH3), 71.2 (CH>), 116.4 (C), 121.7 (C), 122.3 (CH), 122.7 (CH), 135.2
(C), 139.0 (C), 140.8 (C), 157.2 (C), 160.0 (C); IR: v (cm™") 1682, 1537, 1531; HRMS (ESI)
Calcd for C12HoCIN3O6 [(M-H)]: 326.0185, found 326.0201.

4.5 General procedure for one-pot method of synthesis of RO-CI-DNQ

To a solution of Na (7 mg, 0.31 mmol) in alcohol (0.3 mL), TNQ (70 mg, 0.24 mmol) was
added, and the resultant mixture was stirred at room temperature for 4 h. Then, a solution of
NCS (38 mg, 0.29 mmol) in MeCN (1.0 mL) was added, and the resultant mixture was stirred
at room temperature for further 6 h. Then, the solvent was evaporated to afford a reaction
mixture as a yellow residue, from which RO-CI-DNQ was isolated through SiO> column
chromatography (eluted with CH2Cly/hexane = 4/1).
4-Butoxy-3-chloro-1-methyl-6,8-dinitroquinolin-2(/ H)-one (BuO-CI-DNQ)

Yellow powder (35 mg, 0.10 mmol, 42%); Rr = 0.25 (CH:Clo/hexane = 4/1); mp
135-136 °C; 'H NMR (CDCls, 400 MHz) & = 1.05 (t, J = 7.6 Hz, 3H), 1.59 (tq, J = 7.6, 7.6
Hz, 2H), 1.94 (tt, J = 6.8, 6.8 Hz, 2H), 3.54 (s, 3H), 4.53 (t, /= 6.8 Hz, 2H), 8.72 (d, J = 2.8
Hz, 1H), 8.98 (d, /= 2.8 Hz, 1H); '3C NMR (CDCls, 100 MHz) & = 13.7 (CH3), 19.0 (CH>),
32.1 (CH»), 35.7 (CHs), 75.1 (CH»), 116.3 (C), 121.6 (C), 122.3 (CH), 122.7 (CH), 135.2 (C),
139.0 (C), 140.8 (C), 157.4 (C), 160.1 (C); IR: v (cm") 1682, 1537, 1531; HRMS (ESI) Calcd
for C14H15CIN3Og [(M+H)"]: 356.0644, found 356.0639.
3-Chloro-4-isobutoxy-1-methyl-6,8-dinitroquinolin-2(/ H)-one (i-BuO-CIl-DNQ)

Yellow powder (38 mg, 0.11 mmol, 46%); Rr = 0.30 (CH2Cly/hexane = 4/1); mp
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146—-147 °C; '"H NMR (CDCl3, 400 MHz) & = 1.16 (d, J = 6.4 Hz, 6H), 2.28 (m, 1H), 3.54 (s,
3H), 4.29 (d, J = 6.4 Hz, 2H), 8.72 (d, J = 2.4 Hz, 1H), 9.01 (d, J = 2.4 Hz, 1H); *C NMR
(CDCl3, 100 MHz) 6 = 19.0 (CHz3), 29.4 (CH), 35.6 (CH3), 81.3 (CH>), 116.2 (C), 121.5 (C),
122.2 (CH), 122.6 (CH), 135.3 (C), 139.0 (C), 140.8 (C), 157.4 (C), 160.1 (C); IR: v (cm™)
1674, 1537, 1531; HRMS (ESI) Caled for CisHisCIN3Os [(M+H)']: 356.0644, found
356.0639.

3-Chloro-4-isopropoxy-1-methyl-6,8-dinitroquinolin-2(/ H)-one (i-PrO-CI-DNQ)

Yellow powder (37 mg, 0.11 mmol, 45%); Rr = 0.25 (CH:Cly/hexane = 4/1); mp
168—170 °C; '"H NMR (CDCls, 400 MHz) & = 1.50 (d, J = 6.0 Hz, 6H), 3.55 (s, 3H), 5.28
(septet, J = 6.0 Hz, 1H), 8.72 (d, J = 2.4 Hz, 1H), 9.02 (d, J = 2.4 Hz, 1H); '*C NMR (CDCl;,
100 MHz) & = 22.7 (CH3), 35.7 (CHs), 78.7 (CH), 116.9 (C), 122.2 (CH), 122.7 (C), 123.0
(CH), 135.2 (C), 139.0 (C), 140.7 (C), 156.5 (C), 160.0 (C); IR: v (cm™) 1678, 1537, 1531;
HRMS (ESI) Caled for Ci13H11CIN3Os [(M-H)]: 340.0342, found 340.0348.
3-Chloro-6,8-dinitro-1-methyl-4-(2-phenylethoxy)quinolin-2(1 H)-one (PhetO-CI-DNQ)

Yellow powder (53 mg, 0.13 mmol, 55%); Rr = 0.22 (CH:Cly/hexane = 4/1); mp
142—-144 °C; '"H NMR (CDCl3, 400 MHz) & = 3.23 (t, J = 6.4 Hz, 2H), 3.51 (s, 3H), 4.82 (t, J
= 6.4 Hz, 2H), 7.21-7.34 (m, 5H), 8.65 (d, J = 2.8 Hz, 1H), 8.73 (d, J = 2.8 Hz, 1H); 13C
NMR (CDClIs, 100 MHz): 6 = 35.7 (CH3), 36.5 (CH2), 75.3 (CH»), 115.7 (C), 121.4 (CH),
122.2 (C), 122.8 (CH), 127.1 (CH), 128.8 (CH), 128.9 (CH), 135.1 (C), 136.6(C), 138.9 (C),
140.7 (C), 157.0 (C), 160.0 (C); IR: v (ecm™) 1681, 1537, 1531; HRMS (ESI) Calcd for
CisH13CIN3O6 [(M-H)]: 402.0498, found 402.0512.
3-Chloro-1-methyl-6,8-dinitro-4-(prop-2-enyloxy)quinolin-2(1 H)-one (AllylO-CI-DNQ)

Yellow powder (41 mg, 0.12 mmol, 51%); Rr = 0.22 (CH:Cly/hexane = 4/1); mp
130—131 °C; 'H NMR (CDCls, 400 MHz) & = 3.54 (s, 3H), 5.04 (dt, J = 6.0, 1.2 Hz, 2H), 5.43
(dd, J=1.2, 10.4 Hz, 1H), 5.52 (ddt, /= 16.8, 1.2, 1.2 Hz, 1H), 6.13 (ddt, /= 10.4, 16.8, 6.0
Hz, 1H), 8.72 (d, J = 2.8 Hz, 1H), 9.00 (d, J = 2.8 Hz, 1H); '3C NMR (CDCl3, 100 MHz) § =
35.7 (CH3), 75.4 (CHy), 117.1 (C), 121.4 (CH»), 121.8 (C), 122.3 (CH), 122.9 (CH), 131.2
(CH), 135.2 (C), 139.0 (C), 140.8 (C), 157.0 (C), 159.9 (C); IR: v (cm') 1674, 1536, 1530;
HRMS (ESI) Calcd for Ci13H9CIN3Os [(M-H)]: 338.0185, found 338.0178.
3-Chloro-1-methyl-4-(prop-2-ynyloxy)-6,8-dinitroquinolin-2(/ H)-one (PrgO-CIl-DNQ)

Yellow powder (23 mg, 0.07 mmol, 29%); Rr = 0.20 (CH:Cl2/hexane = 4/1); mp
153—155 °C; '"H NMR (CDCl3, 400 MHz) 8 = 2.61 (t, J = 2.4 Hz, 1H), 3.56 (s, 3H), 5.23 (d, J
=2.4 Hz, 2H), 8.74 (d, J= 2.8 Hz, 1H), 9.12 (d, J= 2.8 Hz, 1H); '3C NMR (CDCl3, 100 MHz)
o = 35.8 (CH3), 61.5 (CH>), 76.4 (CH), 78.7 (C), 118.4 (C), 121.9 (C), 122.5 (CH), 123.6
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(CH), 135.0 (C), 139.0 (C), 140.8 (C), 156.4 (C), 159.7 (C); IR: v (cm™) 1682, 1537, 1531;
HRMS (ESI) Calcd for C13H7CIN3O6 [(M-H)]: 336.0029, found 336.0038.
3-Bromo-4-methoxy-1-methyl-6,8-dinitroquinolin-2(/ H)-one (MeO-Br-DNQ)

Yellow powder (43 mg, 0.12 mmol, 62%); Rf = 0.21 (CH:Cly/hexane = 4/1); mp
155-157 °C; '"H NMR (CDCls, 400 MHz) 6 = 3.55 (s, 3H), 4.28 (s, 3H), 8.75 (d, J = 2.4 Hz,
1H), 8.97 (d, J = 2.4 Hz, 1H); 3C NMR (CDCls, 100 MHz) & = 35.9 (CH3), 62.1 (CH3), 108.7
(C), 121.4 (C), 122.5 (CH), 122.6 (CH), 135.9 (C), 139.1 (C), 140.8 (C), 160.1 (C), 160.6 (C);
IR: v (cm™) 1667, 1537, 1531; HRMS (ESI) Calcd for CiiH7BrN3Os [(M-H) ]: 355.9524,
found 355.9538.
4-Methoxy-1-methyl-3,6,8-trinitroquinolin-2(/ H)-one (3)

Yellow powder (17 mg, 0.05 mmol, 27%); Rr = 0.21 (CH:Cly/hexane = 4/1); mp
204-207 °C; '"H NMR (DMSO-ds, 400 MHz) & = 3.43 (s, 3H), 4.25 (s, 3H), 9.01 (d, /= 2.8
Hz, 1H), 9.13 (d, J = 2.8 Hz, 1H); '3C NMR (DMSO-ds, 100 MHz) 8 = 34.8 (CH3), 60.4
(CH3), 118.9 (C), 124.0 (CH), 124.6 (CH), 129.0 (C), 136.1 (C), 138.8 (C), 140.8 (C), 152.7
(C), 156.8 (C); IR: v (cm™) 1672, 1537, 1531; HRMS (ESI) Calcd for C1iHoN4Os [(M+H)*]:
325.0415, found 325.0401.
(4-Methoxy-1,8-dimethyl-6-nitro-2-oxo-1,2,3,4-tetrahydroquinolin-3-yl) sodium (6)

Yellow powder (423 mg, 1.33 mmol, 79%); mp 214-216 °C (dec.); 'H NMR (DMSO-ds,
400 MHz) & = 2.47 (s, 3H), 3.14 (s, 3H), 3.28 (s, 3H), 5.73 (s, 1H), 8.02 (d, J = 2.8 Hz, 1H),
8.06 (d, J = 2.8 Hz, 1H); 13C NMR (DMSO-ds, 100 MHz) & = 21.3 (CH3), 35.9 (CH3), 53.8
(CH3), 74.0 (CH), 107.5 (C), 121.5 (CH), 126.9 (CH), 127.2 (C), 127.9 (C), 140.8 (C), 146.4
(C), 162.6 (C); IR: v (cm™) 1634, 1520, 1514. Satisfactory analytical data were not given
despite several attempts.
(4-Methoxy-1-methyl-6-nitro-2-oxo-1,2,3,4-tetrahydroquinolin-3-yl)sodium (7)

Yellow powder (382 mg, 1.26 mmol, 75%); mp 217-220 °C (dec.); 'H NMR (DMSO-ds,
400 MHz) & = 3.10 (s, 3H), 3.28 (s, 3H), 5.87 (s, 1H), 7.15 (d, /= 9.2 Hz, 1H), 8.17 (dd, J =
2.4,9.2 Hz, 1H), 8.23 (d, J = 2.4 Hz, 1H); '3C NMR (DMSO-ds, 100 MHz) & = 29.1 (CH3),
53.6 (CH3), 73.7 (CH), 107.6 (C), 113.7 (CH), 123.2 (C), 124.2 (CH), 124.3 (CH), 139.9 (C),
145.5 (C), 159.4 (C); IR: v (cm™) 1682, 1537, 1520. Satisfactory analytical data were not
given despite several attempts.
3-Chloro-1,8-dimethyl-4-methoxy-6-nitroquinolin-2(1H)-one (8)

Yellow powder (53.6 mg, 0.19 mmol, 95%); R = 0.28 (CH2Cl»); mp 185-188 °C; 'H NMR
(CDCl3, 400 MHz) & = 2.80 (s, 3H), 3.88 (s, 3H), 4.23 (s, 3H), 8.22 (d, /= 2.4 Hz, 1H), 8.66
(d, J = 2.4 Hz, 1H); 3C NMR (CDCl;, 100 MHz) & = 24.1 (CH3), 37.9 (CH3), 61.6 (CH3),
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115.1 (C), 118.0 (CH), 119.6 (C), 126.8 (C), 129.4 (CH), 142.4 (C), 143.3 (C), 159.1 (C),
161.7 (C); IR: v (cm™) 1659, 1597, 1522; HRMS (ESI) Caled for Ci2Hi2CIN204 [(M+H)*]:
283.0480, found 283.0482.

3-Chloro-4-methoxy-1-methyl-6-nitroquinolin-2(1H)-one (9)

Yellow powder (39 mg, 0.15 mmol, 73%); Rr = 0.27 (CH2Cl,); mp 197-199 °C; 'H NMR
(CDCl3, 400 MHz) & = 3.82 (s, 3H), 4.27 (s, 3H), 7.47 (d, J = 9.6 Hz, 1H), 8.43 (dd, J =24,
9.6 Hz, 1H), 8.83 (d, J = 2.4 Hz, 1H); 3C NMR (CDCl3, 100 MHz) & = 31.3 (CH3), 61.7
(CH3), 115.0 (CH), 115.7 (C), 117.7 (C), 120.2 (CH), 125.8 (CH), 141.6 (C), 142.7 (C), 158.8
(C), 159.9 (C); IR: v (em™) 1651, 1537, 1524; HRMS (ESI) Caled for CiiHioCIN2O4
[(M+H)"]: 269.0324, found 269.0322.
3-Chloro-1-methyl-6-nitro-4-(2,5-dioxopyrrolidino)quinolin-2(1H)-one (11)

Yellow powder (2.7 mg, 0.01 mmol, 4%); Rr = 0.48 (CH:2Cl/MeOH = 20/1); mp
283285 °C; 'H NMR (DMSO-ds, 400 MHz) 8 = 2.98-3.19 (m, 4H), 3.83 (s, 3H), 7.92 (d, J
=9.2 Hz, 1H), 8.50 (dd, J = 2.8, 9.2 Hz, 1H), 8.64 (d, J = 2.8 Hz, 1H); '*C NMR (DMSO-ds,
100 MHz) 6 = 29.5 (CH>), 31.8 (CH3), 116.8 (C), 117.4 (CH), 120.7 (CH), 126.2 (CH), 127.7
(C), 137.4 (C), 141.7 (C), 142.7 (C), 157.0 (C), 175.4 (C); IR: v (cm™) 1651, 1537, 1520;
HRMS (ESI) Calcd for Ci4H1CIN3Os [(M+H)"]: 336.0382, found 336.0387.

4.6 Synthesis of 4-methoxy-1,8-dimethyl-5-nitroquinolin-2(/H)-one (13)

To a solution of 12 (25 mg, 0.10 mmol) in MeOH (0.5 mL), was added MeONa (7 mg, 0.13
mmol), and the resultant mixture was stirred at room temperature for 4 h. Then, the solvent
was evaporated to afford a mixture as a yellow residue, from which 13 was isolated as a
yellow powder by SiO; column chromatography (eluted with CH>Cl,, 16.8 mg, 0.07 mmol,
72%); Ry= (CH2Cly); mp 134-136 °C; 'H NMR (DMSO-ds, 400 MHz) & = 2.73 (s, 3H), 3.76
(s, 3H), 3.94 (s, 3H), 6.76 (d, J = 9.6 Hz, 1H), 8.06 (s, 1H), 8.12 (d, J = 9.6 Hz, 1H); 1*C
NMR (DMSO-ds, 100 MHz) 6 = 23.0 (CHz3), 35.7 (CH3), 63.9 (CHs), 116.6 (C), 121.8 (CH),
122.2 (C), 130.0 (CH), 133.5 (CH), 135.6 (C), 145.6 (C), 149.4 (C), 162.7 (C); IR: v (cm™)
1667, 1566, 1556; HRMS (ESI) Calcd for Ci2Hi12N2OsNa [(M+Na)*]: 271.0689, found
271.0693.

Synthesis of 3-chloro-3,4-dihydro-4-methoxy-1-methyl-6,8-dinitroquinolin-2(/ H)-one
as)

To a solution of 1a (100 mg, 0.29 mmol) in CH2Cl (2.0 mL), was added NCS (46 mg, 0.34
mmol), and the resultant mixture was stirred at room temperature for 0.5 h. Then, the solvent

was evaporated to afford a mixture as a yellow residue, from which 15 was isolated as a
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yellow powder by silica gel column chromatography (eluted with CH>Clz/hexane = 2/1, 46.4
mg, 0.13 mmol, 45%); Rr = 0.15 (CH2Clo/hexane = 2/1); mp 158—160 °C; 'H NMR (CDCl;,
400 MHz) 6 = 3.32 (s, 3H), 3.89 (s, 3H), 4.97 (s, H), 8.47 (d, /= 2.4 Hz, 1H), 8.68 (d, /= 2.4
Hz, 1H); *C NMR (CDCls, 100 MHz) & = 36.0 (CH3), 62.4 (CH3), 81.6 (CH), 97.9 (C), 122.5
(CH), 124.6 (CH), 128.4 (C), 137.2 (C), 139.6 (C), 143.3 (C), 158.3 (C); IR: v (cm™") 1682,
1573, 1537; HRMS (ESI) Calcd for C11H10CIN4Os [(M+H)™]: 361.0182, found 361.0186.

4.7 Synthesis of 2,5-dioxopyrrolidino substituted MeQone 2

To a solution of TNQ (70 mg, 0.24 mmol) in MeCN (0.5 ml), was added NCS (38 mg,
0.29 mmol) and Na-SI (29 mg, 0.24 mmol), and the resultant mixture was stirred at room
temperature for 6 h. Then, the solvent was evaporated to afford a reaction mixture as a
yellow residue, from which 2 was isolated through SiO> column chromatography (eluted
with CH2Cly) as a yellow solid (59 mg, 0.15 mmol, 65%). Rf = 0.10 (CH2CL); mp
294-297 °C; '"H NMR (DMSO-ds, 400 MHz) & = 3.05-3.23 (m, 4H), 3.52 (s, 3H), 8.98 (d, J
= 2.4 Hz, 1H), 9.04 (d, J = 2.4 Hz, 1H); *C NMR (DMSO-ds, 100 MHz) & = 29.6 (CH>),
36.4 (CHs), 120.2 (C), 123.4 (CH), 124.1 (CH), 128.9 (C), 135.5 (C), 137.3 (C), 139.0 (C),
141.3 (C), 157.8 (C), 175.3 (C); IR: v (cm™) 1682, 1537, 1531; HRMS (ESI) Calcd for
C14H10CIN4O7 [(M+H)"]: 381.0233, found 381.0238.

4.8 Hydrazinolysis of 2

To a solution of 2 (50 mg, 0.13 mmol) in MeOH (2.0 mL), NH,NH2*H>O (18 mg, 0.36
mmol) was added, and the resultant mixture was heated at 70 °C for 3 h. Then, the solvent
was evaporated to afford a reaction mixture as a yellow solid. After the solid was washed by
water (5 mL x 1), NH2-CI-DNQ was isolated through filtration as a yellow solid (20 mg,
0.07 mmol, 51%); Rr= 0.36 (CH2Cl/MeOH = 10/1); mp > 300 °C; 'H NMR (DMSO-ds, 400
MHz) & = 3.29 (s, 3H), 7.54 (br s, 2H), 8.89 (d, J = 2.0 Hz, 1H), 9.35 (d, J = 2.0 Hz, 1H); 13C
NMR (DMSO-ds, 400 MHz) & = 35.1 (CH3), 99.8 (C), 117.2 (C), 122.5 (CH), 123.2 (CH),
136.5 (C), 138.5 (C), 139.7 (C), 147.1 (C), 158.2 (C); IR: v (cm™) 1651, 1537, 1531; HRMS
(ESI) Calcd for CioHsCIN4Os [(M+H)*]: 299.0178, found 299.0172.

4.9 Suzuki-Miyaura coupling reaction of MeO-CI-DNQ
To a solution of MeO-CI-DNQ (60 mg, 0.19 mmol) in 1,4-dioxane (1.0 mL), were added
p-MeCsHsB(OH)2 (39 mg, 0.29 mmol), Pd(PPh;):Cl> (14 mg, 0.02 mmol) and Cs2CO3 (94 mg,

0.29 mmol), and the resultant mixture was heated at 100 °C for 1 d. Then, the solvent was
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evaporated to afford a reaction mixture as a yellow residue, from which arylated product 16
was isolated by SiO2 column chromatography (eluted with CH>Clo/hexane = 4/1) as a yellow
solid (38 mg, 0.10 mmol, 54%); Rr= 0.22 (CH2Cly/hexane = 4/1); mp 172—175 °C; 'H NMR
(CDCl3, 400 MHz) & = 2.42 (s, 3H), 3.49 (s, 3H), 3.59 (s, 3H), 7.29 (d, J = 8.0 Hz, 2H), 7.36
(d, J= 8.0 Hz, 2H), 8.71 (d, J = 2.4 Hz, 1H), 9.05 (d, J = 2.4 Hz, 1H); *C NMR (CDCls, 100
MHz) 6 = 21.4 (CHs), 35.0 (CH3), 61.5 (CH3), 119.9 (C), 121.9 (CH), 122.0 (C), 123.2 (CH),
128.4 (C), 129.2 (CH), 130.4 (CH), 136.5 (C), 138.5 (C), 139.0 (C), 140.3 (C), 158.2 (C),
163.8 (C); IR: v (em™) 1667, 1537, 1531; HRMS (ESI) Calcd for CisHisN3Og [(M+H)']:
370.1034, found 370.1037.
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Chapter 3. Direct Amino-halogenation and Aziridination
of the 1-Methyl-2-quinolone Framework

The sequential treatment of 3-nitro-2-quinolones with amines and N-halosuccinimides
under mild conditions facilitated the direct amino-halogenation and aziridination at the 4- and
3-positions of the 2-quinolone framework. The selectivity of the functionalization was
influenced by the electronic properties of the substituents on the benzene moiety of the
nitroquinolone. The electron-withdrawing nitro group promoted the amino-halogenation, and
replacement of the nitro group with a halogen or hydrogen markedly increased the selectivity
of the aziridination. Moreover, a succinimide group instead of an alkylamino group was
introduced at the 4-position, affording the masked form of the 4-amino-3-chloro-2-quinolone
derivative. Furthermore, the prepared bis-functionalized quinolones were subjected to
Suzuki-Miyaura coupling reaction, ring opening, and hydrazinolysis to afford differently

functionalized quinolones.
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N H R

R R x R N
X | X 1) R'R2NH X | N, K | I
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1. Introduction

4-Aminated 2-quinolones have garnered considerable attention owing to their various
applications in medicinal chemistry. For example, 4-aminated 6-thiazolyl-2-quinolones are
potent CD38 inhibitors for the treatment of metabolic syndrome (Figure 1, a).! Recently, the
design, synthesis, and evaluation of new acetylcholinesterase inhibitors combining
4-amino-2-quinolone rings and benzylpiperidino groups joined by a carboxamide fragment
was described (Figure 1, b).2 In addition, 4-amino-2-quinolones possessing benzimidazole
rings at the 3-position have been found to serve as a novel class of receptor tyrosine kinase
inhibitors for the treatment of cancer (Figure 1, c¢).> Furthermore, 4-aminated
3-phenyl-2-quinolones have been reported to be N-methyl-D-aspartate receptor antagonists

with anticonvulsant activities (Figure 1, d).*
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Figure 1. Examples of bioactive compounds based on the 4-aminated 2-quinolones

Despite these significant applications, 2-quinolones are inert because of their inherent
aromaticity, which prevents their direct amination.’ Hence, conventional strategies for the
preparation of such scaffolds involve the construction of heterocyclic rings through
cumbersome multistep reaction sequences, some of which involve expensive reagents, harsh
reaction conditions and low yields.*® As an alternative approach, 4-aminated 2-quinolones
can be also synthesized by chemical conversion from the 4-hydroxy*’ or 4-chloro'?®
derivatives. Therefore, the direct and practical amination of the 2-quinolone framework is
strongly demanded.

A nitro group is one of the most important functional groups in organic syntheses
because of its strong electron-withdrawing ability to activate the scaffold, facilitating
the reaction with nucleophilic reagents.” Moreover, a nitro group serves not only as a
precursor of versatile functionalities but also as a good leaving group.!® Inspired by
these properties of nitro group, we have found that 3-nitrated 1-methyl-2-quinolones
(MeQones) are highly reactive in direct C-C/C-O bond formation at the 4-position

'L.12and alkoxy anions,'? respectively.

with carbon nucleophiles

Interested in these results and with the aim of achieving versatile functionalization
of the 2-quinolone framework, we decided to investigate direct C-N bond formation at
the 4-position of the MeQone framework upon treatment of 3-nitrated MeQones with
amines, in which an electrophile is necessary to trap the anionic adduct intermediate
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because a heteronucleophile is easily eliminated even though it adds to quinolone
framework.'* We focused on the halogenation because the hitherto unknown
4-aminated and 3-halogenated 2-quinolones compose a novel class of 2-quinolones
with potentially interesting and valuable bioactivities, and will surely serve as key

intermediates for constructing a library of versatile 2-quinolones.

2. Results and discussion
2.1 Amino-halogenation and aziridination of the MeQone Framework

To evaluate the potential for vicinal functionalization, trinitro-2-quinolone 1A was chosen
as a model substrate. Initially, a Meisenheimer complex Y was synthesized by treating 1A
with excess propylamine 2a; subsequent reaction with N-chlorosuccinimide (NCS) gave the
amino-chlorinated product 3Aa in 26% yield, thus confirming the feasibility of the
introduction of vicinal amino and halo groups onto the 2-quinolone framework (Scheme 1).
The N-propylaziridine ring fused compound 4Aa was obtained in 11% yield, of which the
structure was definitely confirmed by X-ray diffraction of single crystal of 4Fa,'> an analogue
of 4Aa (Figure 2). To the best of our knowledge, there is very few report about the
aziridination on the MeQone framework.'® Therefore, our investigation will facilitate efficient
access to functionalized quinolones. Moreover, the imido-chlorinated product SA, which was
formed through the reaction of 1A with NCS and a succinimide anion,'? was obtained in 39%

yield, indicating that regeneration of 1A from Y proceeded under equlibrium.

Pr\’\“_|
O,N ~NO2 PrNH, 2a H NCS
(5 equiv.) O2N - (1.2 equiv.)
—_— — >
N"SO MeCN, rt, 3h L PNHS tHE o a0
O,N Me o
ON  Me
1A Y (75%)
HN/Pr H N/Pr O/A/;ko
O,N Ul 0N . L O,N O
+ +
N™ ~0 N™ =0 N™ ~0
O,N  Me O,N  Me O,N  Me
3Aa (26%) 4Aa (11%) 5A (39%)

Scheme 1. Reaction of Meisenheimer complex Y with NCS
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Figure 2. Structure of 4Fa from X-ray diffraction analysis (the thermal ellipsoid plots are
drawn at 50% probability level)

2.2 Control reaction involving radical scavenger

In order to gain insight into the mechanism of the reaction, a control experiment involving
a radical scavenger was performed.'” The addition of TEMPO had a slight influence on the
reaction, but did not completely inhibit the reaction, thus suggesting that radical intermediates

were not involved in the process (Scheme 2).

_Pr
HN
O,N WL PrNH, (3.0 equ.) NCS_ O,N N Cl
TEMPO (1.0 equiv.) 1.2 (equiv.)
N (@) THF, rt, 3 h THF, rt, 4 h N~ S0
|
ON Me O,N  Me
1A 3Aa (44%)

Scheme 2. Control reaction involving radical scavenger

2.3 A plausible mechanism for the formation of 3Aa and 4Aa

Based on the aforementioned results, it was postulated that the amine attacks the
4-position of 1A to give dihydroquinolone X (Scheme 3). As a result of deprotonation at the
3-position by another amine, a Meisenheimer complex Y is formed. The reaction of Y with
NCS facilitates chlorination at the 3-position by nucleophilic substitution, whereby NCS
approaches from the frans direction to avoid the steric hindrance of the propylamino group,
thus affording intermediate Z.'® Hence, the base-promoted rearomatization takes place via the
preferred bimolecular antiperiplanar elimination, which leads to the formation of

amino-halogenated product 3Aa. Meanwhile, the intramolecular substitution of the chloro

62



group by the adjacent amino group can occur to form the N-propylaziridine ring at the 3- and
4-positions, affording product 4Aa.'®!” Additionally, 1A was regenerated under equilibrium
from X and then underwent a nucleophilic addition with the succinimide anion followed by

chlorination and rearomatization, delivering imido-chlorinated product 5A."

Nu
02N \/\' INC )2
N"~0
O,N  Me
1A 0
/Nu = PrNH, Nu= N
0
P;\NH
O,N NO;
H
N“ 0
02N Me
X
PrNH,
0
N
Pr< C|p
b NH / A o)
02N _ _NC( )-
PrNH,*
N~ 0
02N Me

O,N  Me
b d 3Aa

Scheme 3. A plausible mechanism for formation of 3Aa, 4Aa and SA
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2.4 Conditions screening for one-pot amino-chlorination

In order to enhance the practicality of the method, we attempted to carry out the reaction
in a one-pot, two-step fashion using trinitroquinolone 1A, propylamine 2a, and NCS as model
substrates (Table 1). After a solution of 1A and 2a was stirred at room temperature for 3 h,
NCS was added, and the resulting mixture was stirred at room temperature for 4 h. We tested
a variety of solvents in the presence of 2.5 equiv. of 2a in order to find the optimal conditions
(Table 1). The conversion of 1A into amino-chlorinated product 3Aa did not work well in
ethanol or dichloromethane, because imido-chlorinated product SA was the major product in
these two solvents (entries 1 and 2). The Meisenheimer complex Y is considered to be more
solvated with ethanol than C by forming hydrogen bonds, which might prevent the approach
of NCS. Thus, polar aprotic solvents (MeCN, DMF and THF) were more suitable for the
amino-chlorination, and the yield was improved to 45% when THF was used (entries 3-5). In
these cases, 4Aa was obtained as well. Next, a larger amount of 2a was added to promote the
conversion of 1A, giving 3Aa in 62% yield without concomitant formation of 5A. 4Aa
decomposed into other compounds in this process (entry 6), as confirmed by the reaction of
4Aa with propylamine 2a. However, low temperature did not further improve the yield (entry
7). This is presumably due to the incomplete conversion of 1A to X, which also underwent the
competitive reaction of 1A with the succinimide anion. Meanwhile, the decomposition of 4Aa
was suppressed at low temperature. Thus, the reaction conditions utilized in entry 6 were

determined to be optimal.

Table 1. Conditions screening for aminochlorination

1) PrNH, 2a
1A Sovar3h - 3pp 4+ gaa + 5A
2) NCS (1.2 equiv.)
rt, 4 h
PrNH> Yield (%)
Entry Solvent '
(Equiv.) 3Aa 4Aa 5A
1 EtOH 2.5 11 5 48
2 CH:Clz 2.5 14 12 34
3 MeCN 2.5 31 11 16
4 DMF 2.5 39 15 3
5 THF 2.5 45 10 19
6 THF 3.0 62 trace 0
72 THF 3.0 37 13 21

aThe reaction was conducted at -20 C.

64



2.5 Study on amine scope

With the optimized reaction conditions in hand, we surveyed the scope of amines 2 (Table
2). Reactions of 1A with various aliphatic primary amines 2b—f afforded the corresponding
vicinally amino-chlorinated compounds 3Ab—f in moderate to good yields (entries 1-5);
however, 4 was not observed. Alicyclic amines such as piperidine 2g and morpholine 2h
worked well (entries 6 and 7). Moreover, anilines 2i-m were also examined. Several
functional groups, such as butyl, methoxy and iodo groups on the benzene ring were tolerated,
and a larger amount of aniline 2i promoted the conversion of 1A (entry 8). However, only a
trace amount of 3Am was detected in the case of 4-nitroaniline 2m owing to the strong
electron-withdrawing effect of the nitro group (entry 12). Due to the steric hindrance
preventing the approach of NCS, the target product was not formed in the presence of
diethylamine 2n, and only a trace amount of the desired product was observed in the reaction
with N-methylaniline 20 (entries 13 and 14). In some cases, the succinimide anion was
produced under basic conditions, and underwent imido-chlorination to furnish SA (entries 2, 7

and 13).
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Table 2. Study on amine scope

RL N _R? O?q\/%o
R'IRZNH2  Ncs  OoN . Cl O=N -
1A (3.0 equw.=) (1.2 equw.)= N
THF, rt,3h THF, rt,4 h l}l O l\ll O
O,N  Me O,N Me
3A 5A
Yield (%)
Entry R! R?
3A 5A
1 i-Bu H b 70 0
2 sec-Bu H c 49 26
3 HOCH2CH» H d 56 0
4 Allyl H e 35 0
5 Benzyl H f 54 0
6 —(CH2)s— g 48 0
7 —CH2CH>OCH,CH,— h 62 3
8 Ph H i 41 (549 0
9 4-BuCsH4 H j 41 0
10 4-MeOCsH4 H k 37 0
11 4-ICsH4 H 1 622 0
12 4-NO>CeH4 H m trace 0
13 Et Et n 0 27
14 Ph Me ) trace 0

25 equiv. of amine was used.

2.6 Scanning of halogenating agents

In order to expand the scope of the protocol, two other N-halosuccinimides, NBS and NIS,

were also employed (Scheme 4). The bromo-amination proceeded smoothly to give 6Aa in

63% yield. Notably, 4-aminated trinitroquinolone 7Aa was also obtained in 16% yield, which

was presumably due to the higher leaving ability of bromide than chloride. 7Aa was obtained

in 62% yield without detectable iodo-aminated product in the reaction using NIS.
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Pr

HN”
PrNH, 2a NBS O.N B
(3.0 equiv.) (1.2 equiv.) 2 X r+ 7Aa
THF, rt,3h  THF, rt,4h N 0 (16%)
|
02N Me
6Aa (63%)
1A
N
PrNH, 2a NIS O-,N
(3.0 equiv.) (1.2 equiv.) ? ~
THF, it,3h  THF, i, 4h NS0
O,N  Me
7Aa (62%)

Scheme 4. The reaction invoving NBS and NIS

2.7 Scanning of 3-nitrated MeQones

Next, 3-nitrated MeQones with different substituents on the benzene ring were further
investigated. As indicated in Table 3, a reduction in the number of nitro groups on the
benzene ring had a negative impact on the formation of amino-chlorinated product 3. When
the 8-nitro group was replaced with a methyl group or hydrogen atom, 3Ba and 3Ca were
furnished in 13% yield (entries 1 and 2). Interestingly, the reaction involving 1B afforded
3-nitro-4-propylamino substituted product 7Ba, an analogue of 7Aa, in 21% yield. This might
be due to the steric repulsion between the 1-methyl and the 8-methyl groups, leading to the
torsional strain in the 2-quinolone ring;'? accordingly, NCS could approach the carbanion Y’
from the cis direction (Scheme 5). Consequently, the elimination of nitrous acid together with
hydrogen chloride resulted in the formation of 3-chlorinated and 3-nitrated products (3Ba and
7Ba) simultaneously (Scheme 5). Moreover, a nitro group with a bromo atom or hydrogen
atom on the benzene ring markedly decreased the selectivity of the formation of 3 (entries
3-5). On the other hand, in these reactions, the N-propylaziridine ring fused compounds
4Ba—4Fa were obtained as the major products in moderate to good yields. These aziridines
were stable while 4Aa easily decomposed because the benzylic position of 4Aa, which is
activated by the electron-withdrawing effect of the nitro group at the 8-position, is easily
attacked by nucleophiles. Indeed, 4Fa caused no change even though it was heated with
propylamine at 60 °C for 12 hours. The reaction did not proceed in the case of 3-nitrated
MeQone with two electron-donating groups on the benzene ring (entry 6). Additionally, the
methyl group was not crucial for the aziridine formation, and 4Ha was obtained in 61% yield

in the reaction using 1H (entry 7).
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Table 3. Reactions of 3-nitrated MeQones with 2a and NCS

1) PrNH, 2a
R® P (3.0 equiv.)
THF, 1, 3h
R7 N0  2)NCS (1.2 equiv))
R R THF, rt, 4 h
| L\
an-r 0N SO0
R? O RE O
R’ N~ ™0 R7 N0
RS R RS R
3a 5
Ent 1 Yield (%)
n
v R! RO R’ R® 3a 4a 5
1 Me NO? H Me B 13 21 trace
2 Me NO? H H C 13 49 7
3 Me Br H H D trace 68 0
4 Me H Br H E 0 65 0
5 Me H H H F 0 71 0
6 Me MeO MeO H G 0 0 0
7 H H H H H 0 61 0
P P
|:\NH HNT
02N = T 02N X Cl
O KNAS
N T N@e
¢ Me Me ' Me Me
Pr< cl / z 3Ba
H NH) ~ “trans
NS W i
E\ ':l o \CLS P “NH Pr
Me}il\/le H,- HN”
ON._ O,N
Yl l "ICl \
\ AY ;
= N0 e N™ "0
Me Me Me Me
z" 7Ba

Scheme 5. Steric repulsion between peri-substituents affording 7
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2.8 Selectivity in amino-chlorination and aziridination

Based on the aforementioned results, the selective formation of 3 and 4 was attributed to
the electronic effects of the substituents on the benzene ring. As depicted in Scheme 3, the
intermediate Z likely played a very important role in this reaction, and the benzylic hydrogen
atom in the 4-position determined the direct halo-amination or aziridination of the MeQone
framework. Although Z was not detected during the reaction, we could indirectly characterize
the electronic properties of the 4-H on nitroquinolone 1 and the resultant aziridine 4 by 'H
NMR analysis (Table 4).

As described previously, more nitro groups led to lower field, indicating that the electron
density at the 4-position decreased owing to the nitro group on the benzene ring through the
electron-withdrawing effect, thus increasing the acidity of the benzylic proton (Table 4).2° As
a result, a nitrous acid is easily eliminated via an antiperiplanar elimination, leading to the
formation of amino-halogenated product 3 (Scheme 3, Path 1). In contrast, the hydrogen atom
becomes less acidic in the presence of weaker electron-withdrawing groups such as bromo
atoms or in the absence of electron-withdrawing groups, thus resulting in an intramolecular
substitution to form an aziridine ring (Scheme 3, Path 2). On the other hand, when
electron-donating groups such as methoxy were introduced on the aromatic ring, the electron
density was significantly increased, thus preventing the nucleophilic addition at the 4-position

of the MeQone system.

Table 4. Chemical shift of H* of 1 and 4a in "H NMR spectra

H4
6
R X
R’ N™~0
R® R
1
Chemical shift of H* (ppm)
R! RS R’ R®
1 4a

Me NO2 H NO2 A 9.26 4.32
Me NO2 H H C 9.13 4.22
Me H H H F 8.90 4.12
Me MeO MeO H G 8.82 —
H H H H H 8.93 4.16
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2.9 cine-Substitution of 1,8-dimethyl-3,5-dinitro-2-quinolone 12

Interestingly, when 1,8-dimethyl-3,5-dinitro-2-quinolone (1I) was employed under the
same conditions, cine-substituted product 8Ia was obtained without 3Ia or 4Ia. In this
reaction, addition of a propylamine 2a afforded the Meisenheimer complex; however, it was
not stable due to the steric repulsion of the peri-substituent (Scheme 6). Therefore, proton
transfer to the 3-position likely releasing this repulsion and facilitating the elimination of the

nitrite ion accompanied by aromatization to afford cine-substituted product 8la.

O,N O,N HN
N PrNH, 2a
(3.0 equiv.)
_ >
N™ "0 THF,t, 3h
Me Me Me Me
11 8Ia (quant.)
- o _
OoN
2NiHN Hy
- H
(&
N™ ~0 @)
Me Me Me Me

Scheme 6. Reaction of 3,5-dinitroquinolone 11 with propylamine 2a

2.10 Conversion of the obtained products 6Af, SA and 4Fa

Finally, to illustrate the synthetic utility of the developed protocol, the conversion of the
resulting products into other useful synthetic building blocks was investigated. Using the
present method, benzylamino-brominated compound 6Af was synthesized in 55% yield, and
was subjected to Suzuki-Miyaura coupling,>' as MeQones with an benzylamino group and an
aryl group in the vicinal positions are known N-methyl-D-aspartate receptor antagonists.*
When 3Af and 6Af were reacted with 4-methylphenylboronic acid in the presence of a
palladium catalyst, 3-arylated product 9 was successfully obtained in 27% and 66% yields,
respectively, indicating that the higher reactivity of C-Br than C-Cl bond facilitated the
transformation (Scheme 7, a). Furthermore, imido-chlorinated product 5A is a masked form
of an aminated quinolone, and the hydrazinolysis of the imidated ring introduced an
unsubstituted amino group at the 4-position (Scheme 7, b). Compound 4Fa underwent a
ring-opening reaction followed by rearomatization in the presence of an acid, leading to

vicinally amino-nitrated MeQone 7Fa in quantitative yield (Scheme 7, c).
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a) Suzuki-Miyaura coupling reaction of 6Af

Ph PACl,(PPhs), Ph
(10 mol%) )
K,CO5 HN
(2.0 equiv.) N A
g ArB(OH), ~——— - O Y
1,4-Dioxane
15eqU|v)8ooC 29 h NS0
|
OoN Ar = p-MeCgH
6 Af p- 64 O,N Me
0,
b) Hydrazinolysis of imidated product 5A 9 (66%)
07@0 NHNH,+H,0
2.7 equiv.
2N ! _(27equiv) o
MeOH
N0 reflux, 3 h
|
02N Me 2
10 51%

c¢) Ring opening and rearomatization of 4Fa

H N
©(</L.l Acid (1.2 equiv.) -
NS0 MeOH, rt, 3 h

Acid = p-TsOH, HCI, BF5 « Et,0

Me
4Fa 7Fa (quant.)

Scheme 7. Conversion of 6Af, SA and 4Fa into other useful building blocks

3. Conclusion

In conclusion, an operationally simple protocol for the direct 4-amination and
3-halogenation of MeQone was developed by treatment of 3-nitrated MeQones with amines
followed by addition of N-halosuccinimides under mild conditions. The vicinally
functionalized MeQones will serve as key synthetic intermediates for a versatile library of
MeQones, as demonstrated through the palladium-catalyzed arylation at the 3-position.
Meanwhile, we found that aziridination occurred at the 3- and 4-positions of the MeQone
framework through intramolecular substitution. The selectivity between vicinal
amino-halogenation and aziridination was associated with the electronic properties of the
substituents on the benzene ring. Moreover, imido-chlorination proceeded in some cases,
leading to 4-imidated product, a masked form of the 4-aminoquinolone. Further investigations
focused on the ring opening of the aziridine ring are currently in progress, and may facilitate

the efficient and practical functionalization of MeQones.
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4. Experimental section
4.1 General information

The melting points were determined on SRS-Optimelt Automated Melting Point System,
and are uncorrected. All the reagents and solvents were commercially available and used as
received. The '"H NMR spectra were measured on a Bruker Ascend-400 at 400 MHz with
tetramethylsilane as an internal standard. The '3C NMR spectra were measured on a Bruker
Ascend-400 at 100 MHz, and assignments of '3C NMR spectra were performed by DEPT
experiments. The high-resolution mass spectra were measured on an AB SCIEX Triple TOF
4600. X-ray diffraction was conducted on a Rigaku AFC7R diffractometer with graphite
monochromatized Mo-K radiation. The IR spectra were recorded on a JASCO FT/IR-4200

spectrometer.

4.2 General procedure for the preparation of 3-nitrated quinolones

1-Methyl-2-quinolone was prepared from quinoline by methylation with Me2SO4 followed
by oxidation with K3[Fe(CN)s] under alkaline conditions. Nitration of 1-methyl-2-quinolone
with fuming HNO; afforded trinitroquinolone 1A in 86% total yield.?> Other
dinitroquinolones 1B, 1C and 1I were also prepared in a similar way except for using milder
reaction conditions in the nitration step.'*

Mononitrated quinolones 1D—H were successfully synthesized using 2-nitrobenzaldehyde
as the starting material via sequential reduction using Fe/HCI1,>* condensation with ethyl

nitroacetate,?* intramolecular cyclization,>* and methylation with iodomethane.?’

4.3 Reaction of trinitroquinolone 1A with propylamine 2a

To a solution of trinitroquinolone 1A (100.0 mg, 0.34 mmol) in acetonitrile (2.5 mL),
propylamine 2a (102.5 mg, 1.70 mmol) was added at room temperature. When amine was
added, yellowish solid immediately precipitated. After stirring for 3 h, the Meisenheimer
complex Y was collected by filtration as a yellow solid (105.1 mg, 0.26 mmol, 75%);2° Since
this salt was not stable under ambient conditions to give TNQ and it was too hydroscopic,
only 'H NMR could be measured, and satisfactory analytical data were not obtained despite
several attempts. In the 'H NMR of Y using DMSO-ds as the solvent, the signals were
considerably broadened, and the decomposition of Y into TNQ and propylamine 2a was

observed in CDCls.

72



4.4 General procedure for amino-halogenation and aziridination of the 2-quinolone
framework

To a solution of 3-nitrated quinolones 1 (100.0 mg) in THF (1.0 mL), amine 2 (3.0 equiv.)
was added, and the resultant mixture was stirred at room temperature for 3 h. Then, a solution
of N-halosuccinimide (1.2 equiv.) in THF (0.5 mL) was added, and the resultant mixture was
stirred at room temperature for further 4 h. The solvent was evaporated to afford a reaction
mixture as a yellow residue, from which amino-halogenated and aziridine fused quinolone, 3
and 4, were isolated through SiO> column chromatography (eluted with CH>Cl).
3-Chloro-1-methyl-6,8-dinitro-4-(propylamino)-2-quinolone (3Aa)

Yellow solid (71.2 mg, 0.21 mmol, 62%); R = 0.44 (CH2Clz); mp 131-133 °C; 'H NMR
(CDCl3, 400 MHz) & = 1.07 (t, J = 7.2 Hz, 3H), 1.79 (tq, J = 7.2, 7.2 Hz, 2H), 3.50 (s, 3H),
3.55 (dt, J = 6.8, 7.2 Hz, 2H), 4.86 (br s, 1H), 8.73 (d, J = 2.4 Hz, 1H), 8.96 (d, J = 2.4 Hz,
1H); 3C NMR (CDCl3, 100 MHz) & = 11.2 (CH3), 24.8 (CH»), 35.4 (CH3), 51.0 (CH>), 110.2
(C), 118.9 (C), 121.8 (CH), 124.0 (CH), 136.7 (C), 139.1 (C), 139.5 (C), 149.0 (C), 158.4 (C);
IR: v (cm™) 3372, 1645, 1537, 1531; HRMS (ESI-TOF) Calcd for Ci3H14CIN4Os [(M+H)]:
341.0647, found 341.0647.
3-Chloro-1-methyl-4-(2-methylpropylamino)-6,8-dinitro-2-quinolone (3Ab)

Yellow solid (83.5 mg, 0.24 mmol, 70%); R = 0.44 (CH2Cl,); mp 122-123 °C; 'H NMR
(CDCl3, 400 MHz) 6 = 1.07 (d, J = 6.8 Hz, 6H), 1.97 (triple septet, J = 6.8, 6.8 Hz, 1H), 3.38
(dd, J = 6.8, 6.8 Hz, 2H), 3.50 (s, 3H), 4.89 (br s, 1H), 8.73 (d, /= 2.4 Hz, 1H), 8.95 (d, J =
2.4 Hz, 1H); *C NMR (CDCls, 100 MHz) & = 20.0 (CH3), 30.5 (CH), 35.4 (CH3), 56.9 (CH>),
110.1 (C), 118.8 (C), 121.8 (CH), 124.1 (CH), 136.7 (C), 139.1 (C), 139.4 (C), 149.2 (C),
158.3 (C); IR: v (ecm™) 3343, 1645, 1537, 1531; HRMS (ESI-TOF) Calcd for CisHi6sCIN4Os
[(M+H)"]: 355.0804, found 355.0802.
4-(2-Butylamino)-3-chloro-1-methyl-6,8-dinitro-2-quinolone (3Ac)

Yellow solid (58.2 mg, 0.16 mmol, 49%); Rr = 0.51 (CH>Clz); mp 153—155 °C; 'H NMR
(CDCl3, 400 MHz) 6 = 1.08 (t, J = 7.2 Hz, 3H), 1.34 (d, J = 6.4 Hz, 3H), 1.65-1.78 (m, 2H),
3.51 (s, 3H), 3.67-3.74 (m, 1H), 4.46 (d, /= 10.0 Hz, 1H), 8.72 (d, /= 2.4 Hz, 1H), 8.93 (d, J
= 2.4 Hz, 1H); *C NMR (CDCls, 100 MHz) & = 10.5 (CH3), 21.9 (CH3), 31.6 (CH>), 35.4
(CH3), 57.1 (CH), 112.7 (C), 119.4 (C), 121.8 (CH), 124.0 (CH), 136.5 (C), 139.2 (C), 139.7
(C), 148.9 (C), 158.4 (C); IR: v (cm™) 3345, 1667, 1537, 1531; HRMS (ESI-TOF) Calcd for
Ci14H16CIN4Os [(M+H)*]: 355.0804, found 355.0814.
3-Chloro-4-(2-hydroxyethylamino)-1-methyl-6,8-dinitro-2-quinolone (3Ad)

Yellow solid (64.4 mg, 0.19 mmol, 56%); Rr = 0.35 (CH2Cl/MeOH = 20:1); mp
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125-128 °C; 'H NMR (CDsCN, 400 MHz) & = 3.40 (s, 3H), 3.71-3.74 (m, 4H), 5.59 (br s,
1H), 8.76 (d, J = 2.4 Hz, 1H), 9.06 (d, J = 2.4 Hz, 1H); '3C NMR (CD3;CN, 100 MHz) § =
34.8 (CH3), 49.5 (CH), 60.8 (CH), 107.9 (C), 119.3 (C), 121.8 (CH), 123.5 (CH), 136.7 (C),
138.6 (C), 139.5 (C), 148.6 (C), 158.6 (C); IR: v (cm™) 3352, 1651, 1537, 1531; HRMS
(ESI-TOF) Calcd for C12H12CIN4Og [(M+H)*]: 343.0440, found 343.0427.
3-Chloro-1-methyl-6,8-dinitro-4-(2-propenylamino)-2-quinolone (3Ae)

Yellow solid (39.9 mg, 0.12 mmol, 35%); Rr = 0.14 (CH2Cl,); mp 148149 °C; 'H NMR
(CDClI3, 400 MHz) 6 = 3.51 (s, 3H), 4.16 (dd, J= 5.3, 5.3 Hz, 2H), 4.96 (br s, 1H), 5.38 (dd, J
= 0.8, 10.2 Hz, 1H), 5.49 (dd, J = 0.8, 17.0 Hz, 1H), 6.03 (ddt, J = 5.3, 10.2, 17.0 Hz, 1H),
8.73 (d, J = 2.4 Hz, 1H), 8.95 (d, J = 2.4 Hz, 1H); *C NMR (CDCl3, 100 MHz) & = 35.5
(CH3), 51.0 (CH»), 111.1 (C), 118.5 (CH»), 118.7 (C), 121.9 (CH), 123.9 (CH), 133.7 (CH),
136.6 (C), 139.2 (C), 139.7 (C), 148.8 (C), 158.4 (C); IR: v (cm™) 3360, 1651, 1537, 1531,
HRMS (ESI-TOF) Calcd for C13H12CIN4Os [(M+H)']: 339.0491, found 339.0500.
4-(Benzylamino)-3-chloro-1-methyl-6,8-dinitro-2-quinolone (3Af)

Yellow solid (70.0 mg, 0.18 mmol, 54%); Rr = 0.40 (CH2Clz); mp 178—179 °C; 'H NMR
(CDClI3, 400 MHz) & = 3.50 (s, 3H), 4.73 (d, J = 6.0 Hz, 2H), 5.21 (t, J = 6.0 Hz, 1H),
7.36—7.43 (m, 5H), 8.72 (d, J = 2.4 Hz, 1H), 8.99 (d, J = 2.4 Hz, 1H); '3C NMR (CDCls, 100
MHz) é = 35.5 (CHs), 52.9 (CH>), 111.1 (C), 118.8 (C), 121.9 (CH), 123.9 (CH), 127.4 (CH),
128.6 (CH), 129.3 (CH), 136.6 (C), 137.3 (C), 139.2 (C), 139.6 (C), 148.6 (C), 158.4 (C); IR:
v (em™) 3360, 1651, 1537, 1531; HRMS (ESI-TOF) Calcd for Ci7Hi4CIN4Os [(M+H)*]:
389.0647, found 389.0643.
3-Chloro-1-methyl-6,8-dinitro-4-piperidino-2-quinolone (3Ag)

Yellow solid (59.8 mg, 0.16 mmol, 48%); Rr = 0.40 (CH2Cl,); mp 181-183 °C; 'H NMR
(CDClI3, 400 MHz) 6 = 1.78—1.85 (m, 6H), 3.2—3.4 (m, 4H), 3.50 (s, 3H), 8.71 (d, /= 2.4 Hz,
1H), 9.07 (d, J = 2.4 Hz, 1H); 3C NMR (CDCl3, 100 MHz) 4 = 23.9 (CHz>), 26.5 (CH>), 35.8
(CH3), 52.1 (CH2), 121.5 (C), 121.8 (CH), 124.0 (C), 124.4 (CH), 136.4 (C), 139.1 (C), 140.4
(C), 152.1 (C), 160.0 (C); IR: v (cm) 1651, 1537, 1531; HRMS (ESI-TOF) Caled for
Ci15H15CIN4NaOs [(M+Na)*]: 389.0623, found 389.0609.
3-Chloro-1-methyl-4-morpholino-6,8-dinitro-2-quinolone (3Ah)

Yellow solid (76.9 mg, 0.21 mmol, 62%); Rr = 0.09 (CH,Cl»); mp 248-250 °C; 'H NMR
(DMSO-ds, 400 MHz) 6 = 3.35-3.37 (m, 7H), 3.85 (t, / = 4.4 Hz, 4H), 8.94 (d, J = 2.4 Hz,
1H), 8.98 (d, J = 2.4 Hz, 1H); *C NMR (DMSO-ds, 100 MHz) 8 = 35.7 (CH3), 50.1 (CH>),
66.7 (CH), 120.7 (C), 122.4 (CH), 122.8 (C), 124.2 (CH), 136.2 (C), 138.7 (C), 140.2 (C),
150.7 (C), 159.4 (C); IR: v (em™) 1651, 1537, 1531; HRMS (ESI-TOF) Calcd for
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C14sH13CIN4NaOs [(M+Na)']: 391.0416, found 391.0422.
3-Chloro-1-methyl-6,8-dinitro-4-phenylamino-2-quinolone (3Ai)

Yellow solid (68.5 mg, 0.18 mmol, 54%); Rr = 0.24 (CH2Clz); mp 199-201 °C; 'H NMR
(CDCl3, 400 MHz) 6 = 3.56 (s, 3H), 6.72 (br s, 1H), 6.99 (d, J = 7.6 Hz, 2H), 7.20 (t, /= 7.6
Hz, 1H), 7.35 (dd, J= 7.6, 7.6 Hz, 2H), 8.58 (d, J = 2.4 Hz, 1H), 8.63 (d, J = 2.4 Hz, 1H); 13C
NMR (CDCl;, 100 MHz) 6 = 35.7 (CHz3), 114.9 (C), 118.6 (C), 121.6 (CH), 121.7 (CH),
125.1 (CH), 125.5 (CH), 130.1 (CH), 136.5 (C), 139.3 (C), 139.6 (C), 141.1 (C), 144.1 (C),
158.6 (C); IR: v (cm?') 3341, 1651, 1537, 1531; HRMS (ESI-TOF) Calcd for
Ci6H11CIN4NaOs [(M+Na)*]: 397.0310, found 397.0314.
4-(4-Butylphenylamino)-3-chloro-1-methyl-6,8-dinitro-2-quinolone (3Aj)

Yellow solid (58.9 mg, 0.14 mmol, 41%); Rr = 0.50 (CH2Cl2); mp 109—110 °C; 'H NMR
(CDClI3, 400 MHz) 6 = 0.92 (t,J= 7.6 Hz, 3H), 1.33 (tq, /= 7.6, 7.6 Hz, 2H), 1.58 (tt, J= 7.6,
7.6 Hz, 2H), 2.60 (t, J = 7.6 Hz, 3H), 3.55 (s, 3H), 6.72 (s, 1H), 6.93 (d, /= 8.0 Hz, 2H), 7.15
(d, J= 8.0 Hz, 2H), 8.57 (d, J = 2.8 Hz, 1H), 8.61 (d, J = 2.8 Hz, 1H); '*C NMR (CDCl3, 100
MHz) 6 = 13.9 (CH3), 22.1 (CH>), 33.4 (CH»), 35.0 (CH>), 35.7 (CH3), 113.6 (C), 118.4 (C),
121.6 (CH), 122.3 (CH), 125.3 (CH), 130.1 (CH), 136.6 (C), 138.6 (C), 139.2 (C), 139.4 (C),
140.9 (C), 144.5 (C), 158.6 (C); IR: v (em™) 3352, 1667, 1537, 1531; HRMS (ESI-TOF)
Calcd for C20H20CINsOs [(M+H)]: 431.1117, found 431.1115.
3-Chloro-4-(4-methoxyphenylamino)-1-methyl-6,8-dinitro-2-quinolone (3Ak)

Yellow solid (50.7 mg, 0.13 mmol, 37%); Rr = 0.36 (CH>Cl»); mp 100-102 °C; 'H NMR
(CDCl3, 400 MHz) 6 = 3.54 (s, 3H), 3.81 (s, 3H), 6.69 (s, 1H), 6.88 (d, J = 8.8 Hz, 2H), 7.00
(d, J = 8.8 Hz, 2H), 8.59 (d, J = 2.8 Hz, 1H), 8.61 (d, J = 2.8 Hz, 1H); '*C NMR (CDCl3, 100
MHz) 6 = 35.7 (CH3), 55.6 (CH3), 112.7 (C), 115.4 (CH), 118.3 (C), 121.6 (CH), 124.5 (CH),
125.2 (CH), 133.8 (C), 136.7 (C), 139.2 (C), 139.3 (C), 144.8 (C), 158.0 (C), 158.5 (C); IR: v
(cm™) 3354, 1651, 1537, 1531; HRMS (ESI-TOF) Calcd for Ci7H14CIN4Os [(M+H)'T:
405.0596, found 405.0604.
3-Chloro-4-(4-iodophenylamino)-1-methyl-6,8-dinitro-2-quinolone (3Al)

Yellow solid (104.7 mg, 0.21 mmol, 62%); R = 0.39 (CH>Cl»); mp 135-137°C; 'H NMR
(CDCls, 400 MHz) 6 = 3.57 (s, 3H), 6.56 (s, 1H), 6.71 (d, /= 8.4 Hz, 2H), 7.63 (d, /= 8.4 Hz,
2H), 8.59 (d, J = 2.4 Hz, 1H), 8.66 (d, J = 2.4 Hz, 1H); '3C NMR (CDCls, 100 MHz) & = 35.8
(CHa3), 88.4 (C), 116.7 (C), 118.8 (C), 121.9 (CH), 122.6 (CH), 124.7 (CH), 136.3 (C), 139.0
(CH), 139.4 (C), 139.9 (C), 141.1 (C), 143.4 (C), 158.5 (C); IR: v (cm™) 3306, 1651, 1537,
1531; HRMS (ESI-TOF) Calcd for C16H10CIIN4sNaOs [(M+Na)]: 522.9277, found 522.9259.
3-Chloro-1,8-dimethyl-6-nitro-4-(propylamino)-2-quinolone (3Ba)
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Yellow solid (15.1 mg, 0.05 mmol, 13%); Rr = 0.27 (CH>Cly); mp 156—158 °C; 'H NMR
(CDCls, 400 MHz) 6 = 1.04 (t, J = 7.2 Hz, 3H), 1.74 (tq, J = 7.2, 7.2 Hz, 2H), 2.76 (s, 3H),
3.41 (t,J=17.2 Hz, 2H), 3.81 (s, 3H), 4.67 (br s, 1H), 8.18 (d, /=2.4 Hz, 1H), 8.62 (d, /= 2.4
Hz, 1H); *C NMR (CDCls, 100 MHz) & = 11.2 (CH3), 24.1 (CH3), 24.8 (CH>), 38.0 (CH3),
50.9 (CH), 109.3 (C), 117.5 (C), 119.4 (CH), 127.2 (C), 128.5 (CH), 141.4 (C), 144.4 (C),
150.1 (C), 160.5 (C); IR: v (cm™) 3372, 1651, 1599, 1574; HRMS (ESI-TOF) Calcd for
C14H16CIN3NaOs [(M+Na)*]: 332.0772, found 332.0768.
3-Chloro-1-methyl-6-nitro-4-(propylamino)-2-quinolone (3Ca)

Yellow solid (15.3 mg, 0.05 mmol, 13%); Rr = 0.18 (CH,Cly); mp 217-219 °C; 'H NMR
(CDCls, 400 MHz) 6 = 1.06 (t, J= 7.2 Hz, 3H), 1.76 (tq, /= 7.2, 7.2 Hz, 2H), 3.58 (dt, J = 6.0,
7.2 Hz, 2H), 3.79 (s, 3H), 4.76 (br s, 1H), 7.46 (d, J = 9.6 Hz, 1H), 8.39 (dd, J = 2.4, 9.6 Hz,
1H), 8.84 (d, J= 2.4 Hz, 1H); *C NMR (CDCl3, 100 MHz) & = 11.2 (CH3), 24.8 (CH>), 31.0
(CH3), 50.8 (CH»), 109.3 (C), 115.3 (C), 115.4 (CH), 121.6 (CH), 125.0 (CH), 141.5 (C),
142.5 (C), 149.4 (C), 158.3 (C); IR: v (ecm™) 3337, 1643, 1557, 1550; HRMS (ESI-TOF)
Calcd for Ci3H 5CIN3O3 [(M+H)*]: 296.0797 found 296.0806.
1a,2,3,7b-Tetrahydro-3-methyl-1a,4,6-trinitro-2-oxo-1-propyl-1/ H-azirino|2,3-c]quinolin
e (4Aa)

Yellow oil (17.6 mg, 0.05 mmol, 15%); Rr= 0.67 (CH>Cl,); 'H NMR (CDCls, 400 MHz) &
=093 (t,J=7.2 Hz, 3H), 1.56 (ddq, J = 7.2, 7.2, 7.2 Hz, 2H), 2.11 (dt, J = 6.8, 7.2 Hz, 1H),
2.33 (dt,J=6.8, 7.2 Hz, 1H), 3.39 (s, 3H), 4.32 (s, 1H), 8.58 (d, /= 2.8 Hz, 1H), 8.68 (d, J =
2.8 Hz, 1H); 13C NMR (DMSO-ds, 100 MHz) & = 11.2 (CH3), 21.9 (CH»), 35.4 (CH3), 46.8
(CH), 47.4 (CH»), 77.7 (C), 119.8 (C), 122.7 (CH), 129.1 (CH), 136.9 (C), 139.2 (C), 141.8
(C), 160.1 (C); IR: v (cm™) 1694, 1543, 1537; HRMS (ESI-TOF) Calcd for Ci3H12Ns07
[(M-H) ]: 350.0742, found 350.0759.
1a,2,3,7b-Tetrahydro-3,4-dimethyl-1a,6-dinitro-2-oxo-1-propyl-1H-azirino[2,3-c]quinoli
ne (4Ba)

Pale yellow solid (24.4 mg, 0.08 mmol, 21%); Rr = 0.61 (CH2Cly); mp 159-160 °C; 'H
NMR (DMSO-ds, 400 MHz) 6 = 0.84 (t,J = 7.2 Hz, 3H), 1.43 (ddq, /= 7.2, 7.2, 7.2 Hz, 2H),
1.95 (dt,J=5.6, 7.2 Hz, 1H), 2.31 (dt, J= 5.6, 7.2 Hz, 1H), 2.67 (s, 3H), 3.58 (s, 3H), 4.77 (s,
1H), 8.26 (d, J = 2.8 Hz, 1H), 8.42 (d, J = 2.8 Hz, 1H); '3C NMR (DMSO-ds, 100 MHz) & =
11.3 (CHs), 22.0 (CH), 22.7 (CH3), 37.3 (CHs), 47.2 (CH2), 47.3 (CH), 77.9 (C), 117.4 (C),
124.0 (CH), 129.1 (C), 129.5 (CH), 142.8 (C), 144.2 (C), 161.1 (C); IR: v (cm™") 1682, 1562,
1524; HRMS (ESI-TOF) Caled for C14H1sN4NaOs [(M+Na)*]: 343.1013, found 343.1014.
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1a,2,3,7b-Tetrahydro-3-methyl-1a,6-dinitro-2-oxo-1-propyl-7/ H-azirino[2,3-c]quinoline
(4Ca)

Pale yellow solid (60.2 mg, 0.20 mmol, 49%); Rt = 0.60 (CH2Cl,); mp 144-145 °C; 'H
NMR (CDCls, 400 MHz) 6 = 0.90 (t, J = 7.2 Hz, 3H), 1.55 (ddq, J = 6.8, 6.8, 7.2 Hz, 2H),
2.02 (dt, J=5.2, 6.8 Hz, 1H), 2.30 (dt, /= 5.2, 6.8 Hz, 1H), 3.62 (s, 3H), 4.22 (s, 1H), 7.33 (d,
J=9.2 Hz, 1H), 8.39 (dd, J=2.4,9.2 Hz, 1H), 8.43 (d, J = 2.4 Hz, 1H); *C NMR (DMSO-ds,
100 MHz) 6 = 11.3 (CH3), 21.9 (CH>), 30.4 (CH3), 46.5 (CH), 46.9 (CH>), 78.2 (C), 115.4 (C),
117.0 (CH), 125.8 (CH), 126.3 (CH), 142.7 (C), 142.8 (C), 158.7 (C); IR: v (cm™") 1682, 1562,
1526; HRMS (ESI-TOF) Calcd for Ci13H14N4NaOs [(M+Na)*]: 329.0856, found 329.0855.
6-Bromo-1a,2,3,7b-tetrahydro-3-methyl-1a-nitro-2-oxo-1-propyl-/ H-azirino|2,3-c|quinol
ine (4Da)

White solid (81.2 mg, 0.24 mmol, 68%); Rt = 0.69 (CH2Cly); mp 171-172 °C; 'H NMR
(CDCl3, 400 MHz) 6 = 0.89 (t, J = 7.2 Hz, 3H), 1.54 (ddq, J = 7.2, 7.2, 7.2 Hz, 2H), 2.00 (dt,
J=5.2,7.2 Hz, 1H), 2.28 (dt, J= 5.2, 7.2 Hz, 1H), 3.53 (s, 3H), 4.05 (s, 1H), 7.05 (d, J= 8.8
Hz, 1H), 7.60—7.63 (m, 2H); '3C NMR (CDCls, 100 MHz) & = 11.5 (CH3), 22.4 (CH>), 29.9
(CH3), 47.4 (CH), 47.7 (CH»), 77.8 (C), 116.5 (CH), 116.6 (C), 116.9 (C), 133.3 (CH), 133.6
(CH), 137.3 (C), 158.4 (C); IR: v (cm™) 1667, 1562, 1557; HRMS (ESI-TOF) Calcd for
Ci3H13BrN3O3 [(M-H) " ]: 338.0146, found 338.0160.
5-Bromo-1a,2,3,7b-tetrahydro-3-methyl-1a-nitro-2-oxo-1-propyl-/ H-azirino|2,3-c|quinol
ine (4Ea)

Pale yellow solid (77.6 mg, 0.23 mmol, 65%); Rr = 0.73 (CH2Clz); mp 120-122 °C; 'H
NMR (CDCls, 400 MHz) 6 = 0.88 (t, J = 7.2 Hz, 3H), 1.52 (ddq, J = 7.2, 7.2, 7.2 Hz, 2H),
1.96 (dt, J = 5.2, 7.2 Hz, 1H), 2.30 (dt, J = 5.2, 7.2 Hz, 1H), 3.53 (s, 3H), 4.08 (s, 1H),
7.32-7.37 (m, 3H); *C NMR (CDCls, 100 MHz) & = 11.5 (CH3), 22.4 (CH>), 29.9 (CH3),
47.6 (CH»), 47.7 (CH), 77.8 (C), 113.5 (C), 118.1 (CH), 124.6 (C), 127.0 (CH), 132.0 (CH),
139.3 (C), 158.6 (C); IR: v (cm™) 1678, 1597, 1562; HRMS (ESI-TOF) Calcd for
C13H13BrN3;Os [(M-H) " ]: 338.0146, found 338.0159.
1a,2,3,7b-Tetrahydro-3-methyl-1a-nitro-2-oxo-1-propyl-1 H-azirino[2,3-c]quinoline
(4Fa)

Pale yellow solid (89.8 mg, 0.34 mmol, 71%); Rr = 0.55 (CH2Cl,); mp 98—100 °C; 'H
NMR (CDCls, 400 MHz) 6 = 0.86 (t, J = 7.2 Hz, 3H), 1.52 (ddq, J = 7.2, 7.2, 7.2 Hz, 2H),
1.95 (dt,J=5.2,7.2 Hz, 1H), 2.31 (dt, J= 5.2, 7.2 Hz, 1H), 3.55 (s, 3H), 4.12 (s, 1H), 7.18 (d,
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J=8.4Hz, 1H), 7.26 (d, J = 8.4 Hz, 1H), 7.50-7.54 (m, 2H); '3C NMR (CDCls, 100 MHz) &
=11.5 (CH3), 22.4 (CH»), 29.8 (CH3), 47.5 (CH»), 48.2 (CH), 78.2 (C), 114.5 (C), 114.8 (CH),
124.1 (CH), 130.7 (CH), 130.8 (CH), 138.1 (C), 158.7 (C); IR: v (cm™) 1668, 1562, 1557,
HRMS (ESI-TOF) Calcd for C13HisN3NaOs3 [(M+Na)*]: 284.1006, found 284.1012.
1a,2,3,7b-Tetrahydro-1a-nitro-2-oxo-1-propyl-/H-azirino[2,3-c]quinoline (4Ha)

Yellow solid (78.1 mg, 0.32 mmol, 61%); Ry = 0.18 (CH2Clz); mp 122123 °C; 'H NMR
(CDCl3, 400 MHz) 6 = 0.89 (t, J = 7.2 Hz, 3H), 1.56 (ddq, J = 7.2, 7.2, 7.2 Hz, 2H), 2.08 (dt,
J=5.2,7.2Hz, 1H), 2.44 (dt, /= 5.2, 7.2 Hz, 1H), 4.16 (s, 1H), 7.07 (d, /= 7.6 Hz, 1H), 7.22
(dd, J= 7.6, 7.6 Hz, 1H), 7.44 (dd, J = 7.6, 7.6 Hz, 1H), 7.49 (d, J = 7.6 Hz, 1H); '*C NMR
(CDCls, 100 MHz) 6 = 11.5 (CHs), 22.4 (CH»), 47.6 (CH2), 49.1 (CH), 77.9 (C), 113.6 (C),
116.3 (CH), 124.7 (CH), 130.2 (CH), 130.7 (CH), 135.4 (C), 160.3 (C); IR: v (cm™") 1681,
1562, 1557, HRMS (ESI-TOF) Caled for Ci2HisN3NaOs [(M+Na)]: 270.0849, found
270.0843.
3-Chloro-1-methyl-6,8-dinitro-4-(2,5-dioxopyrrolidino)-2-quinolone (5A)

Yellow solid (61.2 mg, 0.16 mmol, 48%). Rr= 0.10 (CH2Clz); mp 294-297 °C; 'H NMR
(DMSO-ds, 400 MHz) 6 = 3.05-3.23 (m, 4H), 3.52 (s, 3H), 8.98 (d, /= 2.4 Hz, 1H), 9.04 (d,
J = 2.4 Hz, 1H); 3C NMR (DMSO-ds, 100 MHz) & = 29.6 (CH>), 36.4 (CH3), 120.2 (C),
123.4 (CH), 124.1 (CH), 128.9 (C), 135.5 (C), 137.3 (C), 139.0 (C), 141.3 (C), 157.8 (C),
175.3 (C); IR: v (ecm™) 1682, 1537, 1531; HRMS (ESI-TOF) Calcd for Ci4HoCIN4O7
[(M+H)"]: 381.0233, found 381.0238.
3-Chloro-1-methyl-6-nitro-4-(2,5-dioxopyrrolidino)-2-quinolone (5C)

Yellow powder (8.9 mg, 0.03 mmol, 7%); Rr = 0.48 (CH2Cl,/MeOH = 20/1); mp
283-285 °C; 'H NMR (DMSO-ds, 400 MHz) & = 2.98-3.19 (m, 4H), 3.83 (s, 3H), 7.92 (d, J
=9.2 Hz, 1H), 8.50 (dd, J = 2.8, 9.2 Hz, 1H), 8.64 (d, J = 2.8 Hz, 1H); 1*C NMR (DMSO-ds,
100 MHz) 6 = 29.5 (CH»), 31.8 (CH3), 116.8 (C), 117.4 (CH), 120.7 (CH), 126.2 (CH), 127.7
(C), 137.4 (C), 141.7 (C), 142.7 (C), 157.0 (C), 175.4 (C); IR: v (cm-1) 1651, 1537, 1520;
HRMS (ESI-TOF) Calcd for Ci14H11CIN3Os [(M+H)*]: 336.0382, found 336.0387.
3-Bromo-1-methyl-6,8-dinitro-4-(propylamino)-2-quinolone (6Aa)

Yellow solid (81.8 mg, 0.21 mmol, 63%); Rr = 0.35 (ethyl acetate/hexane = 1/2); mp
213-215 °C; 'H NMR (CDCls, 400 MHz) 8 = 1.06 (t, J= 7.2 Hz, 3H), 1.66 (tq, J = 7.2, 7.2 Hz,
2H), 3.49-3.53 (m, 5H), 4.89 (br s, 1H), 8.73 (d, J = 2.4 Hz, 1H), 8.96 (d, J = 2.4 Hz, 1H);
13C NMR (CDCl3, 400 MHz) & = 11.2 (CH3), 24.8 (CH>), 35.7 (CH3), 51.5 (CH>), 103.0 (C),
118.6 (C), 122.0 (CH), 124.3 (CH), 137.2 (C), 139.1 (C), 139.4 (C), 151.3 (C), 158.5 (C); IR:
v (em™) 3374, 1651, 1537, 1531; HRMS (ESI-TOF) Calcd for Ci3Hi2BrNsOs [(M-H) ~ ]:
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382.9997, found 383.0007.
4-(Benzylamino)-3-bromo-1-methyl-6,8-dinitro-2-quinolone (6Af)

Yellow solid (79.8 mg, 0.19 mmol, 55%); R = 0.45 (CH2Clz); mp 134-136 °C; 'H NMR
(CDClI3, 400 MHz) & = 3.51 (s, 3H), 4.69 (d, J = 6.4 Hz, 2H), 5.26 (t, J = 6.4 Hz, 1H),
7.34-7.44 (m, 5H), 8.73 (d, J = 2.4 Hz, 1H), 8.99 (d, J = 2.4 Hz, 1H); '3C NMR (CDCls, 100
MHz) é = 35.8 (CH3), 53.2 (CH>), 104.1 (C), 118.6 (C), 122.0 (CH), 124.2 (CH), 127.4 (CH),
128.6 (CH), 129.3 (CH), 137.1 (C), 137.2 (C), 139.1 (C), 139.5 (C), 150.9 (C), 158.5 (C); IR:
v (em™) 3352, 1651, 1537, 1531; HRMS (ESI-TOF) Caled for Ci7H14BrN4Os [(M+H)*]:
433.0142, found 433.0160.
1-Methyl-3,6,8-trinitro-4-(propylamino)-2-quinolone (7Aa)

Yellow solid (73.0 mg, 0.21 mmol, 62%); Rs = 0.10 (CH2Cl,); mp 184187 °C; 'H NMR
(CDClI3, 400 MHz) 6 = 1.07 (t, J = 7.2 Hz, 3H), 1.85 (tq, J = 7.2, 7.2 Hz, 2H), 3.43 (s, 3H),
3.56 (dt, J = 6.8, 7.2 Hz, 2H), 7.69 (br s, 1H), 8.81 (d, J = 2.4 Hz, 1H), 9.04 (d, J = 2.4 Hz,
1H); 3C NMR (CDCl3, 100 MHz) & = 11.1 (CH3), 23.8 (CH>), 35.0 (CH3), 48.9 (CH>), 117.9
(©), 122.7 (C), 124.0 (CH), 124.5 (CH), 138.4 (C), 139.3 (C), 139.6 (C), 146.2 (C), 156.2 (C);
IR: v (cm™) 3343, 1651, 1537, 1531; HRMS (ESI-TOF) Calcd for Ci3Hi14sNsO7 [(M+H)]:
352.0888, found 352.0904.
1,8-Dimethyl-3,6-dinitro-4-(propylamino)-2-quinolone (7Ba)

Yellow solid (25.2 mg, 0.08 mmol, 21%); Rr = 0.17 (CH2Cly); mp 208-210 °C; 'H NMR
(CDClI3, 400 MHz) 6 = 1.07 (t, J = 7.2 Hz, 3H), 1.84 (tq, J = 7.2, 7.2 Hz, 2H), 2.72 (s, 3H),
3.61 (dt,J=5.2,7.2 Hz, 2H), 3.70 (s, 3H), 8.06 (br s, 1H), 8.27 (d, J=2.4 Hz, 1H), 8.67 (d, J
= 2.4 Hz, 1H); 3C NMR (CDCls, 100 MHz) & = 11.2 (CH3), 23.7 (CH3), 23.9 (CH>), 37.6
(CH3), 49.2 (CH»), 116.3 (C), 119.8 (CH), 121.9 (C), 128.4 (C), 130.7 (CH), 141.6 (C), 145.9
(C), 149.0 (C), 158.1 (C); IR: v (em™) 3331, 1643, 1524, 1518; HRMS (ESI-TOF) Calcd for
Ci4H16N4NaOs [(M+Na)*]: 343.1013, found 343.1022.

4.5 cine-Substitution of 1,8-dimethyl-3,5-dinitro-2-quinolone (11)

To a solution of 1I (70.0 mg, 0.27 mmol) in THF (1.0 mL) was added propylamine 2a
(47.2 mg, 0.80 mmol), and the resultant mixture was stirred at room temperature for 3 h. Then,
the solvent was evaporated to afford a reaction mixture 8Ia as a yellow solid (75.5 mg, 0.27
mmol, quant.); Rf = 0.27 (CH>Cl»); 'H NMR (CDCls, 400 MHz) & = 0.97 (t, J = 7.2 Hz, 3H),
1.67 (tq, J=17.2, 7.2 Hz, 2H), 2.59 (s, 3H), 3.41 (dt, /= 5.6, 7.2 Hz, 2H), 3.77 (s, 3H), 6.60 (d,
J=9.6 Hz, 1H), 7.82 (br s, 1H), 7.96 (d, J = 9.6 Hz, 1H), 8.04 (s, 1H); *C NMR (CDCl3, 100
MHz) 6 = 11.3 (CH3), 23.2 (CH3), 24.9 (CH»), 36.9 (CH3), 54.0 (CH»), 113.7 (C), 117.0 (C),
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117.9 (CH), 131.0 (CH), 131.1 (C), 136.6 (CH), 146.0 (C), 149.0 (C), 163.9 (C); IR: v (cm™)
3300, 1651, 1580, 1574; HRMS (ESI-TOF) Caled for C14H;sN303 [(M+H)*]: 276.1343, found
276.1339.

4.6 Suzuki-Miyaura coupling reaction of benzylamino-brominated 6Af

To a solution of 6Af (63.0 mg, 0.15 mmol) in 1,4-dioxane (2.0 mL), were added
p-MeCsH4B(OH)> (29.7 mg, 0.22 mmol), Pd(PPh3)>Cl> (10.2 mg, 0.01 mmol) and K>COs3
(40.3 mg, 0.29 mmol). Then, the resultant mixture was heated at 80 °C for
22 h. After the mixture was filtrated, the solvent was evaporated to afford a reaction mixture
as a yellow residue, from which arylated product 9 was isolated by SiO: column
chromatography (eluted with ethyl acetate/hexane = 1/5) as a yellow solid (42.4 mg, 0.10
mmol, 66%); Rr= 0.29 (ethyl acetate/hexane = 1/5); mp 143—145 °C; 'H NMR (CDCls, 400
MHz) ¢ = 2.38 (s, 3H), 3.46 (s, 3H), 4.22 (d, J = 6.4 Hz, 2H), 4.57 (t, J = 6.4 Hz, 1H),
7.10=7.13 (m, 4H), 7.23 (d, J = 7.6 Hz, 2H), 7.31-7.32 (m, 3H), 8.72 (d, J = 2.4 Hz, 1H),
8.92 (d, J= 2.4 Hz, 1H); 3C NMR (CDCls, 100 MHz) 8 = 20.3 (CH3), 33.8 (CH3), 51.9 (CH»),
116.8 (C), 119.4 (C), 120.7 (CH), 122.4 (CH), 126.5 (CH), 127.1 (CH), 128.0 (CH), 128.5 (C),
128.7 (CH), 129.1 (CH), 136.5 (C), 137.0 (C), 137.5 (C), 137.8 (C), 138.3 (C), 147.8 (C),
161.4 (C); IR: v (cm™) 3352, 1651, 1537, 1531; HRMS (ESI-TOF) Calcd for C2sH2iN4Os
[(M+H)"]: 445.1507, found 445.1505.

4.7 Hydrazinolysis of SA

To a solution of SA (50.0 mg, 0.13 mmol) in MeOH (2.0 mL), NHoNH2°H>O (17.8 mg,
0.36 mmol) was added, and the resultant mixture was heated at 70 °C for 3 h. Then, the
solvent was evaporated to afford a reaction mixture as a yellow solid. After the solid was
washed by water (5 mL x 1), 4-aminoquinolone 10 was isolated through filtration as a yellow
solid (20.0 mg, 0.07 mmol, 51%); Ry= 0.36 (CH2Cl/MeOH = 10/1); mp > 300 °C; '"H NMR
(DMSO-ds, 400 MHz) & = 3.29 (s, 3H), 7.54 (br s, 2H), 8.89 (d, /= 2.0 Hz, 1H), 9.35(d, J =
2.0 Hz, 1H); 3C NMR (DMSO-ds, 400 MHz) & = 35.1 (CH3), 99.8 (C), 117.2 (C), 122.5 (CH),
123.2 (CH), 136.5 (C), 138.5 (C), 139.7 (C), 147.1 (C), 158.2 (C); IR: v (cm™) 1651, 1537,
1531; HRMS (ESI-TOF) Calcd for C1oHsCIN4Os [(M+H)"]: 299.0178, found 299.0172.

4.8 Acid-catalyzed ring opening of aziridine ring
To a solution of 4Fa (38.5 mg, 0.15 mmol) in MeOH (0.5 mL), acid (p-TsOH*H2O or 1
N HCI aq. or BF3¢Et;0O, 0.18 mmol, 1.2 equiv.) was added, and the resultant mixture was
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stirred at room temperature for 3 h. Then, the solvent was evaporated to afford a mixture as a
yellow residue, from which vicinally amino-nitrated product 7Fa was isolated by SiO:
column chromatography (eluted with CH>Cly) as a yellow solid (38.5 mg, 0.15 mmol,
quant.); Rt = 0.60 (CH2Cl2); mp 121-122 °C; 'H NMR (CDCl3, 400 MHz) & = 1.00 (t, J =
7.2 Hz, 3H), 1.69 (tq, J = 7.2, 7.2 Hz, 2H), 3.11 (dt, J = 5.6, 7.2 Hz, 2H), 3.80 (s, 3H), 6.09
(br s, 1H), 7.27-7.30 (m, 1H), 7.33—7.40 (m, 2H), 7.48 (dd, J = 0.8, 8.0 Hz, 1H); *C NMR
(CDCls, 100 MHz) & = 11.3 (CH3), 23.2 (CH>), 31.1 (CH3), 45.0 (CH), 114.3 (CH), 115.5
(C), 120.3 (CH), 124.1 (CH), 126.4 (CH), 128.2 (C), 129.6 (C), 131.2 (C), 158.9 (C); IR: v
(cm™) 3312, 1651, 1574, 1557; HRMS (ESI-TOF) Calcd for CisHisN3Os [(M+H)']:
262.1186, found 262.1195.
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Chapter 4. Direct Aziridination of Nitroalkenes Affording
N-Alkyl-C-nitroaziridines and the Subsequent Lewis Acid
Mediated Isomerization to B-Nitroenamines

A mild and highly diastereoselective one-pot synthesis of frans-N-alkyl-C-nitroaziridines
was achieved by the treatment of nitroalkenes with aliphatic amines and N-chlorosuccinimide.
Treatment of the obtained aziridines with a Lewis acid resulted in a facile ring opening
reaction, accompanied by rearrangement and isomerization into functionalized

(Z)-P-nitroenamines.

R
NO, N SnCly*2H,0 NO,
/:/ +RNH,; + NCS ————» 1 iNO, - H
Ar Aziridination Rearrangement R~ = Ar
R=alkyl Ar
trans Z (Major)

1. Introduction

The aziridines are an important class of nitrogen containing heterocycles and can be found
in a number of biologically active compounds, such as mitomycin, porfiromycin, and
azinomycin.! In addition, functionalized aziridines also serve as versatile building blocks in
organic synthesis.!> The ring opening reaction of aziridines with nucleophiles affords various
1,2-difunctionalized compounds.!? A substantial number of functionalized aziridines can also
be transformed into useful products such as HIV protease inhibitor,> communesin,* ceramide,’
oseltamivir,® and isochroman’ through rearrangement, cycloaddition, and ring expansion
reactions.? Among the functionalized aziridines, C-nitroaziridines play an important role in
chemical transformations because of the strong electron-withdrawing ability of the nitro
group.® Hence, the development of efficient methods for the preparation of C-nitroaziridines
has attracted much attention among organic chemists.

Among preparative methods for C-nitroaziridines, the direct aziridination of nitroalkenes is
the most efficient approach from a practical viewpoint, as it requires only simple experimental
manipulations. N-Imidoaziridines are obtained by the treatment of N-aminoimides with
nitroalkenes in the presence of an oxidant (Scheme 1, a).” NsSONHCOEt and TSONHCO-Et
serve as an N1 unit that can undergo direct aziridination of nitroalkenes under basic
conditions to afford N-alkoxycarbonylaziridines (Scheme 1, b).!" Additionally,
N-arylaziridines are also available through the reaction of electron-deficient nitroalkenes with
aromatic amines followed by ring closure (Scheme 1, c).!! Unexpectedly, there are no reports

on the synthesis of N-alkyl-C-nitroaziridines from nitroalkenes through direct aziridination,
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except for the multistep synthesis via a-bromonitroalkenes; however, the substrate scope is
not investigated further (Scheme 1, d).'"> Thus, a facile and efficient aziridination of

nitroalkenes for the synthesis of N-alkylated nitroaziridines is of great interest.

a) Synthesis of N-imido-C-nitroaziridines (Chaput, Zibinsky, Person)

R3
Pb(OAc)4 4
NO; g3 o or R ©
2 PhI(OAc N
RiA R1 + N—NH, M. o \N =
R4 ))LNOZ
0] R?
b) Synthesis of N-alkoxycarbonyl-C-nitroaziridines (Fioravanti)
NsONHCO,Et O.C
NO, or 2% NO,
R%Rs TsONHCO,Et " N R3
R? Base R
c) Synthesis of N-aryl-C-nitroaziridines (Berestovitskaya)
NO, Ar,
Kk 1) ArNH, N o
_—— - N
7" "Br' ) CH,COOK ))* 2
CCl ClsC
d) Synthesis of N-alkyl-C-nitroaziridines (Tronchet, Edasery)
NO- Br NO, NO, \
2 , Base RNHZ
A NS N %Noz
R Br R R'R = alkyl

e) Direct aziridination of 3-nitro-2-quinolones (Our previous work)

NO N
NCS
NS0

H R =alkyl

f) Synthesis of N-alkyl-C-nitroaziridines (This work)
NO, R

I/:/ +RNH2+NCS 3 )I\I>|||N02

R R' R = alkyl

Scheme 1. Direct aziridination of nitroalkenes

As part of my continuing interest in methods for the direct functionalization of the
2-quinolone framework, I achieved the direct aziridination by a sequential treatment of

3-nitro-2-quinolones with an amine and N-chlorosuccinimide (NCS) (Scheme 1, €).!* Inspired
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by this protocol, we envisaged that direct aziridination of nitroalkenes might proceed to afford

N-alkyl-C-nitroaziridines by the sequential treatment with aliphatic amine and NCS (Scheme

1, 9).

2. Results and Discussion
2.1 Optimization of reaction conditions for aziridination

To evaluate the potential for direct aziridination, nitrostyrene 1a and propylamine 2a were
selected as model substrates. When B-nitrostyrene 1a was reacted with propylamine 2a and
NCS at room temperature in THF in the presence of EtsN, N-propyl-C-nitroaziridine 3a was
successfully obtained (Table 1, entryl). In the '"H NMR, signals for the ring protons H? and H?
were observed at 3.85 and 4.90 ppm, respectively, with a coupling constant of 1.6 Hz, located
in the range (< 2 Hz) for the trans configuration.!* Moreover, a correlation between protons
H3 and ortho proton (H®) of the benzene ring in the NOESY spectrum revealed the resultant
aziridine is a trans isomer.

As depicted in Table 1, the organic bases did not work enough, giving the aziridinated
product 3a in low yields even though the prolonged reaction time was used (entries 1-9). In
some cases, the starting material 1a was not consumed completely owing to the formation of
ammonium nitronate of aza-Micheal adduct with another molecule of amine (entries 1-6).
Although a complete conversion of 1a was observed in the presence of more basic DBU, the
imine 4a was formed as a major product rather than the aziridine 3a (entry 7). Compared to
organic bases, inorganic bases such as carbonate and hydroxide were more suitable for this
reaction, and the best result was obtained in the reaction using Cs>COs3 as the base (entries
10-14). Indeed, the use of Cs2CO; as a base was proved to be crucial in a variety of
aziridinations due to its proper solubility and basicity. !’

Next, different solvents were screened in this transformation. However, replacing THF with
other solvents did not improve the yield of 3a (entries 15-19). In order to examine whether
low temperature could suppress the formation of imine 4a or not, the reaction was conducted
at -10 °C, however, both reactions affording 3a and 4a were almost suppressed (entry 20). A
better result was obtained in the presence of a slightly excess amount of propylamine 2a and
N-chlorosuccinimide (NCS), giving 3a in 85% yield (entry 21). Although higher loadings of
propylamine and NCS were employed to promote the conversion of nitroalkene, the
transformation did not proceed thoroughly, which might be caused by the equilibrium process

between propylamine and NCS (entry 22).'6
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Table 1. Optimization of reaction conditions for the aziridination of 1a
R

PrNH, 2a (1.0 equiv.)

H NCS (1.0 equiv.) H, N NO, [}l
.~ NO2  Base (1.0 equiv.) /N
H Solv., rt i
1a
Time Yield?® (%) Recov.?
Entry Base Solvent
(h) 3a 4a (%)
1 Et:N 5 THF 23 0 77
2 Et:N 28 THF 21 39 38
3b Et:N 28 THF 17 32 51
4 PrNH; 5 THF 17 19 64
5 PrNH> 28 THF 39 20 38
6 Pyridine 28 THF 11 13 60
7 DBU 5 THF 0 74 0
8 t-BuOK 5 THF 52 48 0
9 AcONa 5 THF 29 3 37
10 KoCOs 5 THF 55 0 45
11 KoCOs 28 THF 73 18 5
12 NaOH 5 THF 47 9 33
13 NaOH 28 THF 71 22 0
14 Cs2C03 5 THF 79 11 10
15 Cs2CO3 5 MeOH 14 86 0
16 Cs2C03 5 MeCN 77 23 0
17 Cs2CO; 5 DMF 52 48 0
18 Cs2CO; 5 hexane 18 25 19
19 Cs2COs3 5 CH:Cl, 70 27 0
20¢ Cs:COs3 5 THF 4 3 93
214 Cs2CO; 5 THF 85 6 9
22¢ Cs2CO; 5 THF 73 11 15

2Yield and recovery were determined by the integral of 'H NMR of the reaction mixture. ®2.0 Equiv. Of Et;N was
used. “The reaction was conducted at -10°C. 1.1 Equiv. of propylamine and NCS was used. °The reaction involved
1.3 equiv. of propylamine and NCS together with 1.1 equiv. of Cs2CO:s.

Overall, the reaction conditions utilized in entry 21 were determined to be optimal. Instead

of NCS, other halosuccinimides such as N-bromosuccinimide (NBS) and N-iodosuccinimide

(NIS) were also examined, however, the aziridine was not formed owing to the higher steric

hindrance of bromo and iodo groups than chloro group.
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2.2 A plausible mechanism for aziridination

On the basis of the above results, a plausible mechanism for aziridination is proposed. The
conjugate addition of amine to 1a affords intermediate 5, in which the conformation is fixed
by intramolecular hydrogen bond (Scheme 2). Thus, NCS approaches to 5 from the anti
direction of the aromatic group to avoid the steric hindrance, affording the adduct 6. The
subsequent backside attack of the amino group affords aziridine 3a with the trans
configuration (Path a). Meanwhile, the competitive proton transfer followed by elimination of
anionic nitromethane leads to imine 4a (Path b).!” Indeed, 4a was quantitatively obtained

when the reaction was conducted in the absence of NCS.

PrNH, 2a H--0O~
PN by 75
a

H

\k o a CS2CO3 Y

Tol)\?BNOZ It T G
H

y o]

Cl.

Tol ON
1a 5

Tol: 4-MeCgHy4 / \0 o)

H H o
Pr—N—NO2 Pr—N —-N) . N
e (o PG
A\ = \ 1y H\\\
Tol & Tol
o Cl 6 H Tol 7
i\ HCI CHzNo}/i
Fl)r Pr
H2 N NO, 'ﬂ
H® Tol” ~H
Ho ,jNOE 4a
3a

Scheme 2. A plausible mechanism for aziridination

2.3 Instability of N-alkyl-C-nitroaziridine 3a

Although the yield of the conversion of B-nitrostyrene 1a into aziridine 3a reached up to
85%, the isolated yield decreased to 31% after workup using water and purification by silica
gel column chromatography. Control experiments revealed that aziridine 3a in CDCl;
gradually decomposed into p-tolualdehyde at room temperature (Table 2, entries 1-4).
Furthermore, decomposition of 3a readily occurs within shorter time under upon heating
(entries 5 and 6).

The 'H NMR spectra of the isolated aziridine 3a were shown in Figure 1, by which

formation of p-tolualdehyde was observed as a result of decomposition of 3a.
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Table 2. Decomposition of 3a

O
Decomposition H
_— >
p-tolualdehyde
E Time (h) T ©0) Ratio® of
nt ime emp. (°
Y P 3a/p-tolualdehyde
1 — rt 90/10
2 12 rt 70/30
3 24 rt 62/38
4 36 rt 50/50
5 1.5 45 75/25
6 2 60 43/57
aRatio was determined by the integral values in the '"H NMR.
% 80C,2h
| | ol
45C,15h
R4
m36h ! )
i I A LJ | A Y Vi Lll J
mn24n
*1 l o | . A Al l i
M 12h oy |
“7 l o l _.l}uxu — .; - | —y A‘ALA L AA J«..J .
3a Cayieiiiel mifet 18 5 M \dstathaenivaki\ear\Rsoteiywe
p-tolualdehyde ¢
* Ry
1 - J_AAlLl il l J .1_._*&.1_‘\_“1*

T L4 T T T
" 1] “ 4 2 ° (o]

Figure 1. Confirmation of decomposition of 3a through 'H NMR

2.4 Lewis acid mediated ring opening and rearrangement of aziridine

Due to the instability at ambient conditions, we studied the conversion of aziridine 3a into a
useful and easily treatable reagent. N-propyl-C-nitroaziridine 3a was found to isomerize into
B-aryl-B-nitroenamine 8a in the presence of a Lewis acid. Notably, the aryl group rearranged

to the adjacent carbon. Due to their “push-pull” property, B-nitroenamines serve as key
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synthetic intermediates for functional materials such as bioactive compounds and optical
materials.'® However, very few reports are focused on B-aryl-B-nitroenamines because of their
poor availability.!” Therefore, our method potentially yields a novel class of B-nitroenamines
with structural diversity.

Among the several Lewis acids tested in MeCN, the isomerization of 3a occurred most
efficiently in the presence of SnCl-2H>0, giving 8a with a 76% yield, as a mixture of Z/E
isomers with a 93/7 ratio (Table 3, entry 9). The replacement of MeCN with other solvents
did not afford better results (entries 11-14). Moreover, a low temperature had no impact on
the reaction (entry 15). The correlation between protons H* and ortho proton (H°) of the
benzene ring in the NOESY spectrum revealed the major isomer has a Z-configuration, which

was finally confirmed by X-ray crystallography (Figure 2),
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Table 3. Screening of the Lewis acids for the rearrangement of the aryl group

Figure 2. X-ray single crystal structure of 8a (50% probability factor for the thermal

ellipsoids)

I|°r Lewis acid Fr
H’/ N \\NOQ (0.3 equiv.) AN _ NO,
H Solv., rt,4 h H
3a 8a

Entry Lewis acid Solvent Yield? (%) Z:EP
1 Cul MeCN 0 -
2 Cu(OAc), MeCN 0 -
3 TsOH MeCN 47 93:7
4 BF;-Et,0 MeCN 63 93:7
5 ZnCl, MeCN 65 93:7
6 FeCl3 MeCN 55 92:8
7 FeCly-4H,O MeCN 66 93:7
8 AlCl; MeCN 32 91:9
9 SnCl,-2H,0 MeCN 81 (76°) 93:7
10 SnCly-5SH>O MeCN 69 93:7
11 SnCl,-2H,0 THF 27 93:7
12 SnCl,-2H,O MeOH 15 93:7
13 SnCl,-2H,0 hexane 0 937
14 SnCl,-2H,0 CH:Cl, 62 93:7
15° SnCl,-2H0 MeCN 78 93:7

aThe yield and ratio were determined by '"H NMR using dibromomethane as internal standard.
*The reaction was conducted at -10°C. °Isolated yield based on 3a.
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2.5 A plausible mechanism for isomerization of 3a into 8a

Lewis acid-catalyzed conversion of aziridines into enamines is hitherto unknown reaction
to the best of our knowledge. Sugihara et al. reported a BFs-catalyzed aza-pinacol
rearrangement of N-tosylaziridines into N-tosylimines, tautomers of enamines, in which the
hydrogen migration is preferable to the alkyl migration.?® On the basis of our preliminary
results and Sugihara’s study, the plausible mechanism for this isomerization is illustrated
(Scheme 3). Although a benzylic carbocation should be predominantly formed due to the
resonance stabilization after ring opening of aziridine upon coordination of Lewis acid to the
ring nitrogen (Path ¢),?! the ring closure instead of the migration of the electron-deficient nitro
group may easily proceed to regenerate aziridine ring. Thus, the ring opening is considered to
proceed in Path d, in which the migration of the electron-rich tolyl group is preferable than
the hydrogen migration due to the formation of lower-energy bridged phenonium ion; the

subsequent deprotonation affords 8a. In this step, the (2)-isomer was mainly formed due to

the stabilization by an intramolecular hydrogen bond between nitro and amino groups.'%»!
CI\
Pr Pr_,Sn—Cl
' SnCl N d Path d
H, N NO, —= | %NINO,—
Tol H Tol"—~ "H
3a 9
Cl H--O
L — / \ +
Pr\N’i:-?l Pr—N  N=0O
. —
ﬁ%NOZ o
H Tol NOE (7 Ho

10
Z-8a (Major)

Scheme 3. A plausible mechanism for isomerization

2.6 Study on nitroalkene scope

With the optimized reaction conditions in hand, the scope of these successive reactions was
explored. We firstly screened a wide array of nitroalkenes (Table 4). After reactions of
nitroalkenes 1 with amine 2a and NCS, the mixtures were treated by a sequential workup;
evaporation of the solvent, aqueous wash, extraction with CH2Clz, and evaporation, which
affords the crude aziridines 3 as an oil. Under the optimized reaction conditions,
B-nitrostyrenes 1la—g bearing electron-donating Me and MeO groups or weakly
electron-withdrawing halo groups successfully gave the corresponding aziridines 3a—g in

moderate to good yields, respectively (entries 1-7). However, introduction of the strong
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electron-withdrawing groups such as CN and NO: markedly decreased the formation of
aziridines 3h and 3i (entries 8 and 9). In these cases, the low electron density at the benzylic
position increases the acidity and decreases the nucleophilicity of the adjacent amino group in
the intermediate 5 (Scheme 2). Consequently, the imidization is promoted.

While a-naphthylalkene 1j afforded aziridine 3j efficiently, neither electron-rich
B-methylalkene 1k nor electron-poor a-nitroacrylate 11 underwent aziridination owing to the
steric hindrance of the B-substituents, which suppressed the chlorination of carbanion (entries
10-12). Furthermore, the hetaryl-substituted nitroalkenes were also usable as the substrates to
afford the corresponding aziridines 3m—o, respectively (entries 13—15). Even though
(Z)-nitroalkene 1e’ was instead of (E)-isomer le, the frans-aziridine 3e was obtained with
similar reactivity and selectivity, indicating that both substrates 1e and 1e’ afforded common
intermediate 5 (entries 5 and 16). This protocol was also compatible with the aliphatic

nitroalkene 1p, affording N-alkyl-C-nitroaziridine 3p in a moderate yield (entry 17).
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Table 4. Scanning of nitroalkenes
PrNH, 2a (1.1 equiv.)

H NCS (1.1 equiv.) or Pr
R1)\(N02 C5,005 (1.0 equiv.) H A NO, N
R2 THF, rt,5h R R2 R'" H
1 3 4
Yield? (%) ratio
Entry R! R?

3 4 of 3/4
1 4-MeCeHa H a 72 5 93:7
2 4-MeOC¢H4 H b 53¢ 8 87:13
3 2-MeOCHy H ¢ 54 4 93:7
4 3,5-(Me0)>CHs H d 63 8 89:11
5 CeHs H e 63 9 88:12
6 4-BrCsH, H f 56 16 78:22
7 4-CICqHa H g 5l 20 72:28
8 4-NCC¢Ha H h 30 24 56:44
9 4-0,NCgHg4 H i 6 29 17:83
10 2-naphthyl H i 63 10 86:14
11 4-MeCeHa Me Kk 0 19 0:100
12 4-MeCgHa COOEt 1 0 100 0:100
13 2-thienyl H m 34 27 56:44
14 2-furyl H n 40 11 78:22
15 3-pyridyl H o 46 13 78:22
16° CeHs H e 55 11 83:17
17 PhCH,CH, H p 65 0 100:0

*The yield was determined by 'H NMR using 1,1,2,2-tetrachloroethane as internal standard. ®(Z)-B-nitrostyrene was
used. “These compounds were characterized by '"H NMR because they were unstable and rearranged to enamines 8
on silica gel.

The SnClz-mediated conversions of crude aziridines 3a—p to B-nitroenamines 8a—p were
studied (Table 5). While electron-rich aromatic groups efficiently migrated (entries 1-3,
9-11), the efficiency of rearrangement of slightly electron-poor aromatic group decreased
(entries 4—7). Furthermore, strongly electron-poor 4-cyanophenyl and 2-pyridyl groups did
not migrate at all, which is due to the low migratory ability (entries 8 and 12).
N-Alkylaziridine 3p did not undergo the isomerization because of a similar reason (entry 13).
In all these successful cases, P-nitroenamines 8 were diastereoselectively obtained in

(Z)-configuration.
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Table 5. Isomerization of aziridines into B-nitroenamines

Pr SnCl+2H,0 HN,P" o
H/,, N \\NOZ (0.3 equiv.) o 2
R1 H MeCN, rt,4h 4 R
3 8
Entry R! Yield (%) of 8¢/(Z:E)*
1 4-MeC¢H4 a 76 (93:7)
2 4-MeOCsH4 b 87 (93:7)
32 2-MeOCsH4 c 89 (89:11)
4b 3,5-(Me0)2CsHs d 45 (93:7)
52 CeHs e 40 (94:6)
6P 4-BrCsHy f 49 (96:4)
7P 4-CIC¢Hq4 g 45 (96:4)
gb 4-NCCsH4 h n.d.c
92 2-naphthyl j 83 (94:6)
10? 2-thienyl m quant. (94:6)
11° 2-furyl n 80 (92:8)
12° 3-pyridyl 0 n.r.t
132 PhCH>CH: p n.r.f

21.0 equiv. of SnCl,-2H,0 was used. 1.5 equiv. of SnCl>2H,O was used. “Isolated yield based on 3.
4The ratio of Z and E isomers was determined by the integral of '"H NMR. ®No desired product. No reaction.

2.7 Scanning of amines

Next, the scope of this protocol was expanded to other aliphatic amines such as
isobutylamine and sec-butylamine, which afforded the corresponding aziridines 3q and 3r in
moderate to good yields, however, bulkier fert-butylamine did not furnish product 3s while
benzylamine afforded product 3t (Table 6, entries 1-5). In the case of an aromatic amine, no
aziridination proceeded (entry 6). Pleasingly, allyl group was well tolerated, facilitating
further functionalizations (entry 7). Additionally, it was possible to introduce a hydroxy group
on the alkyl group, however decomposition of aziridines 3w and 3x to p-tolualdehyde was
considerably accelerated (entries 8-9). On the other hand, when ethylenediamine was
employed to undergo the ring expansion, a complex mixture was obtained (entry 10). The
produced crude aziridines were subjected to the next isomerization step without further
purification, by which the corresponding B-nitroenamines 8q—x were furnished in satisfactory
yields (Table 1). Regardless of different N-substituents in 3, B-nitroenamines 8 were formed

with high Z-selectivity.
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Table 6. Study on amine scope
RNH, 2 (1.1 equiv.)

H NCS (1.1 equiv.) R SnCly2H,0 . 1
Tol)ﬁ/Noz Cs,CO5 (1.0 equiv.)= H, ,{1 NO, (0.3 equiv.) HN}:<N02
H THF, rt, 5 h Tol H MeCN,rt,4h H Tol
1a 3 8
Yield (%)
Entry R
3 8%/(Z:E)*

1 Pr 3a: 72 8a:76 (93:7)

2 i-Bu 3q:54 8q:73 (93:7)

3¢ sec-Bu 3r:31 8r:80 (93:7)

4 t-Bu 3s:0 -

5¢ Benzyl 3t:41 8t:86 (92:8)

6 4-MeOCgH4 3u:0 -

7 Allyl 3v:67 8v:82 (92:8)

8 HOCH,CH, 3w:30 8w:64 (93:7)

9 HOCH:CH:CHz, 3x:35 8x:74 (92:8)

10 H>NCH2CH» 3y:cm® -

*The yield was determined by '"H NMR wusing 1,1,2,2-tetrachloroethane as internal standard. *Isolated
yield based on 3. 1.0 equiv. of SnCl,2H,O was used. 9The ratio of Z and E isomers was determined
by the integral of '"H NMR. *Complex mixture.

3. Conclusion

In conclusion, we have developed an efficient and highly diastereoselective one-pot
synthesis of frans-N-alkyl-C-nitroaziridines 3 upon treatment of nitroalkenes 1 with aliphatic
amines 2 and NCS under mild conditions. The resultant aziridines 3 were isomerized into
functionalized (Z)-B-nitroenamines 8 with high diastereoselectivity through Lewis
acid-mediated ring opening and rearrangement. Further efforts about the application of these

protocols for synthesizing versatile functionalized compounds is under investigation in our

group.

4. Experimental section
4.1 General information

The melting points were determined on SRS-Optimelt Automated Melting Point System,
and are uncorrected. All the reagents and solvents were commercially available and used as
received. The '"H NMR spectra were measured on a Bruker Ascend-400 at 400 MHz with
tetramethylsilane as an internal standard. The '*C NMR spectra were measured on a Bruker

Ascend-400 at 100 MHz, and assignments of '3C NMR spectra were performed by DEPT
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experiments. The high-resolution mass spectra were measured on an AB SCIEX Triple TOF
4600. The IR spectra were recorded on a JASCO FT/IR-4200 spectrometer. As observed for
aziridine 3a, the isolated yield was considerably diminished compared with NMR yield
because of the instability to decompose. Hence, aziridines 3 were subjected to the subsequent
reactions without further purification. The yields of unpurified aziridines were determined by
"H NMR using 1,1,2,2-tetrachloroethane as internal standard. Some signals of E-isomers of
nitroenamines 8 could not be detected in 'H NMR and '3C NMR owing to the low
concentration of the compounds in the deuterated solvent. Hence, only spectrum data of

Z-isomer were shown.

4.2 General procedure for the preparation of nitroalkenes

(E)-Aromatic nitrostyrenes la-k and 1m-o were successfully synthesized in moderate to
good yields upon treatment of aromatic aldehydes with nitromethane or nitroethane in the
presence of ammonium acetate.??

a-Nitro-B-arylenoate 11 was prepared through the condensation reaction of p-tolualdehyde
with ethyl nitroacetate in the presence of dimethylamine hydrochloride.?

(Z)-nitrostyrene 1e’ was prepared through photoisomerization of the (£)-nitrostyrene under
the irradiation of a mercury-vapour lamp.?* It was also confirmed that Z-isomer 1e’ did not
isomerize to E-isomer 1e under the reaction conditions employed for aziridination.

Aliphatic nitroalkene 1p was prepared through the condensation reaction of aliphatic
aldehyde with nitromethane in the presence of sodium hydroxide followed by MsCl-mediated
dehydration.?’

4.3 General procedure for one-pot synthesis of frans-N-alkyl-C-nitroaziridine 3
trans-2-(4-methylphenyl)-3-nitro-1-propylaziridine (3a)

To a solution of (E)-B-nitrostyrenes 1a (99 mg, 0.61 mmol) and propylamine 2a (55 pL,
0.67 mmol) in THF (2.5 mL), were added NCS (89 mg, 0.67 mmol) and Cs2CO;3 (198 mg,
0.61 mmol) successively, and the resultant mixture was stirred at room temperature for 5 h.
Then, the solvent was evaporated to afford a reaction mixture as a purple residue, which
underwent aqueous workup followed by extraction using CH2Cl,. The crude aziridines were
obtained as oil after concentration of organic phase, in which aziridine 3a was included in
72% NMR yield. The mixture was subjected to column chromatography on silica gel to
isolate 3a (eluted with CH2Cly/hexane = 1:2, 41.2 mg, 0.19 mmol, 31% yield) as a yellow oil.

'"H NMR (CDCls) 8 0.89 (t, J= 7.2 Hz, 3H), 1.50-1.65 (m, 2H), 2.36 (s, 3H), 2.51-2.64 (m,
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2H), 3.85 (d, J = 1.2 Hz, 1H), 4.90 (d, J = 1.2 Hz, 1H), 7.17 (s, 4H, overlap); '3C NMR
(CDCL) & 11.6 (CH3), 21.2 (CHa), 22.6 (CH>), 48.3 (CH), 51.9 (CH»), 75.2 (CH), 128.2 (CH),
128.5 (C), 129.4 (CH), 138.8 (C); IR (ATR/cm™) v 1559; HRMS (ESI/TOF) Calcd for
Ci2H16N202Na [(M+Na)*]: 243.1104, found 243.1100.
trans-2-(4-methoxyphenyl)-3-nitro-1-propylaziridine (3b)

Yellow oil (76.4 mg, 0.32 mmol, 53%). '"H NMR (CDCl3) & 0.89 (t, J = 7.2 Hz, 3H),
1.49-1.64 (m, 2H), 2.50-2.62 (m, 2H), 3.81 (s, 3H), 3.83 (d, /= 1.2 Hz, 1H), 4.88 (d, J=1.2
Hz, 1H), 6.89 (d, /= 8.4 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H).
trans-2-(2-methoxyphenyl)-3-nitro-1-propylaziridine (3c)

Yellow oil (77.9 mg, 0.33 mmol, 54% yield). '"H NMR (CDCls) & 0.90 (t, J = 7.2 Hz, 3H),
1.53-1.63 (m, 2H), 2.36-2.42 (m, 1H), 2.58-2.66 (m, 1H), 3.87 (s, 3H), 4.01 (d, J = 1.6 Hz,
1H), 4.90 (d, J= 1.6 Hz, 1H), 6.89-6.94 (m, 2H), 7.17 (dd, J= 1.6, 7.6 Hz, 1H), 7.17 (ddd, J
=1.6,7.6,7.6 Hz, 1H).
trans-2-(3,5-dimethoxyphenyl)-3-nitro-1-propylaziridine (3d)

Yellow oil (101.9 mg, 0.38 mol, 63% yield). 'H NMR (CDCls) 8 0.93 (t, J = 7.6 Hz, 3H),
1.53-1.67 (m, 2H), 2.58-2.73 (m, 2H), 3.78 (d, /= 1.2 Hz, 1H), 3.79 (s, 6H), 4.88 (d, /= 1.2
Hz, 1H), 6.43 (s, 3H, overlap); '3C NMR (CDCIl3) & 11.6 (CH3), 22.6 (CH>), 48.3 (CH), 52.0
(CH>), 55.4 (CH3), 75.2 (CH), 100.5 (CH), 106.1 (CH), 134.5 (C), 161.1 (C); IR (ATR/cm™) v
1554; HRMS (ESI/TOF) Calcd for C13H19N204 [(M+H)"]: 267.1339, found 267.1326.
trans-3-nitro-2-phenyl-1-propylaziridine (3e)

Yellow oil (78.3 mg, 0.38 mmol, 63% yield). '"H NMR (CDCls) & 0.90 (t, J = 7.2 Hz,
3H), 1.52-1.68 (m, 2H), 2.56-2.67 (m, 2H), 3.87 (d, /= 1.2 Hz, 1H), 4.93 (d, J= 1.2 Hz, 1H),
7.28-7.30 (m, 2H), 7.36-7.39 (m, 3H); '3C NMR (CDCls) 8 11.6 (CH3), 22.6 (CH>), 48.3 (CH),
52.0 (CH>), 75.2 (CH), 128.2 (CH), 128.7 (CH), 128.8 (CH), 132.0 (C); IR (ATR/cm) v
1558; HRMS (ESI/TOF) Calcd for C11H15N2O2 [(M+H)"]: 207.1128, found 207.1124.
trans-2-(4-bromophenyl)-3-nitro-1-propylaziridine (3f)

Yellow oil (96.3 mg, 0.34 mmol, 56% yield). '"H NMR (CDCls) & 0.92 (t, J = 7.2 Hz,
3H), 1.52-1.66 (m, 2H), 2.62-2.73 (m, 2H), 3.78 (d, J=1.2 Hz, 1H), 4.87 (d, /= 1.2 Hz, 1H),
7.17 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H); *C NMR (CDCIs) & 11.6 (CH3), 22.6
(CH»), 47.5 (CH), 52.0 (CH), 75.1 (CH), 123.0 (C), 129.5 (CH), 131.6 (C), 131.9 (CH); IR
(ATR/cm™) v 1559; HRMS (ESI/TOF) Calcd for C1iHi4BrN2O, [(M+H)*]: 285.0233, found
285.0222.
trans-2-(4-chlorophenyl)-3-nitro-1-propylaziridine (3g)

Yellow oil (73.9 mg, 0.31 mmol, 51% yield). '"H NMR (CDCls) 8 0.92 (t, J = 7.2 Hz, 3H),
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1.50-1.68 (m, 2H), 2.62-2.73 (m, 2H), 3.79 (d, /= 1.2 Hz, 1H), 4.87 (d, J= 1.2 Hz, 1H), 7.23
(d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H); '3C NMR (CDCl3) & 11.6 (CH3), 22.6 (CH>),
47.4 (CH), 52.0 (CH2), 75.2 (CH), 129.0 (CH), 129.2 (CH), 131.1 (C), 1349 (C); IR
(ATR/cm™) v 1559; HRMS (ESI/TOF) Calcd for Ci1Hi4CIN2O, [(M+H)*]: 241.0738, found
241.0727.

trans-2-(4-cyanophenyl)-3-nitro-1-propylaziridine (3h)

Yellow oil (42.0 mg, 0.18 mmol, 30% yield). 'H NMR (CDCls) 8 0.95 (t, J = 7.2 Hz, 3H),
1.74 (tq, J = 7.2, 7.2 Hz, 2H), 2.83 (t, J/ = 7.2 Hz, 2H), 3.80 (d, J = 1.2 Hz, 1H), 4.90 (d, J =
1.2 Hz, 1H), 7.42 (d, J = 8.4 Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H); '3*C NMR (CDCIl3) 8 11.6
(CHa3), 22.7 (CH2), 47.0 (CH), 52.2 (CH2), 75.2 (CH), 112.7 (C), 118.2 (C), 128.1 (CH), 132.5
(CH), 139.0 (C); IR (ATR/cm™) v 1560; HRMS (ESI/TOF) Calcd for Ci2H14N302 [(M+H)]:
232.1081, found 232.1085.
trans-2-(2-naphthyl)-3-nitro-1-propylaziridine (3j))

Yellow oil (97.6 mg, 0.38 mmol, 63% yield). '"H NMR (CDCls) § 0.90 (t, J = 7.2 Hz, 3H),
1.53-1.67 (m, 2H), 2.59-2.70 (m, 2H), 4.01 (d, /= 1.6 Hz, 1H), 5.04 (d, J = 1.6 Hz, 1H), 7.35
(dd, J= 1.6, 8.4 Hz, 1H), 7.49-7.54 (m, 2H), 7.76 (d, J= 1.6 Hz, 1H), 7.83-7.88 (m, 3H); 1*C
NMR (CDCls) 6 11.6 (CH3), 22.7 (CH»), 48.5 (CH), 52.1 (CH»), 75.3 (CH), 125.2 (CH),
126.7 (CH), 126.8 (CH), 127.7 (CH), 127.8 (CH), 127.9 (CH), 128.6 (CH), 129.5 (C), 133.0
(C), 133.3 (C); IR (ATR/cm™) v 1558; HRMS (ESI/TOF) Calcd for CisHi7N>O, [(M+H)]:
257.1285, found 257.1272.
trans-3-nitro-1-propyl-2-(2-thienyl)aziridine (3m)

Yellow oil (44.1 mg, 0.21 mmol, 34% yield). '"H NMR (CDCls) § 0.91 (t, J = 7.2 Hz, 3H),
1.68-1.76 (m, 2H), 2.60 (t, J = 7.2 Hz, 2H), 4.07 (d, /= 1.2 Hz, 1H), 4.87 (d, J = 1.2 Hz, 1H),
7.03 (dd, J=4.0,4.4 Hz, 1H), 7.28 (d,J=4.0 Hz, 1H), 7.37 (d, J = 4.4 Hz, 1H).
trans-2-(2-furyl)-1-propyl-3-nitroaziridine (3n)

Yellow oil (47.1 mg, 0.24 mmol, 40% yield). '"H NMR (CDCls) § 0.89 (t, J = 7.2 Hz, 3H),
1.49-1.62 (m, 2H), 2.48-2.54 (m, 1H), 2.61-2.67 (m, 1H), 3.88 (d, /= 1.6 Hz, 1H), 5.01 (d, J
= 1.6 Hz, 1H), 6.41 (dd, J = 2.0, 3.6 Hz, 1H), 6.48 (d, J = 3.6 Hz, 1H), 7.42 (d, J = 2.0 Hz,
1H).
trans-3-nitro-1-propyl-2-(3-pyridyl)aziridine (30)

Yellow oil (57.4 mg, 0.28 mmol, 46% yield). 'H NMR (CDCls) 8 0.93 (t, J = 7.2 Hz, 3H),
1.60 (tq, J = 7.2, 7.2 Hz, 2H), 2.72 (t, J = 7.2 Hz, 2H), 3.83 (d, J = 1.2 Hz, 1H), 4.95 (d, J =
1.2 Hz, 1H), 7.30-7.35 (m, 1H), 7.59 (d, J = 8.0 Hz, 1H), 8.60 (s, 2H, overlap); '3*C NMR
(CDCl) 8 11.5 (CHa), 22.5 (CH»), 45.6 (CH), 52.0 (CH»), 74.7 (CH), 123.4 (CH), 128.6 (C),
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135.2 (CH), 149.4 (CH), 150.0 (CH); IR (ATR/cm™) v 1559; HRMS (ESI/TOF) Calcd for
C1oH14N302 [(M+H)"]: 208.1081, found 208.1078.
trans-3-nitro-2-(2-phenylethyl)-1-propylaziridine (3p)

Colorless oil (92.0 mg, 0.39 mmol, 65% yield). '"H NMR (CDCl3) 8 0.94 (t, /= 7.2 Hz, 3H),
1.56-1.65 (m, 2H), 1.76-1.85 (m, 1H), 1.92-2.00 (m, 1H), 2.49-2.55 (m, 1H), 2.62-2.68 (m,
1H), 2.72-2.87 (m, 3H), 4.20 (d, /= 1.2 Hz, 1H), 7.16 (dd, J= 1.2, 8.0 Hz, 2H), 7.22 (tt, J =
1.2, 8.0 Hz, 1H), 7.30 (dd, J = 8.0, 8.0 Hz, 2H); '3C NMR (CDCls) & 11.6 (CH3), 22.8 (CH>),
27.7 (CH), 33.6 (CH>), 46.1 (CH), 51.9 (CH»), 75.5 (CH), 126.5 (CH), 128.2 (CH), 128.7
(CH), 140.1 (C); IR (ATR/cm™) v 1555; HRMS (ESI/TOF) Calcd for Ci3H9N20> [(M+H)]:
235.1441, found 235.1430.
trans-2-(4-methylphenyl)-1-(2-methylpropyl)-3-nitroaziridine (3q)

Yellow oil (77.5 mg, 0.33 mmol, 54% yield). '"H NMR (CDCls) & 0.90 (d, J = 6.8 Hz, 3H),
0.94 (d, J = 6.8 Hz, 3H), 1.76-1.95 (m, 1H), 2.36 (s, 3H), 2.36-2.45 (m, 1H), 2.49-2.54 (m,
1H), 3.80 (d, J = 1.6 Hz, 1H), 4.89 (d, J = 1.6 Hz, 1H), 7.17 (s, 4H, overlap); '3*C NMR
(CDCl3) 6 20.5 (CHs), 20.5 (CH3), 21.2 (CH3), 28.9 (CH), 48.1 (CH), 57.9 (CH>), 75.7 (CH),
128.0 (CH), 129.4 (CH), 129.7 (C), 138.8 (C); IR (ATR/cm™) v 1557; HRMS (ESI/TOF)
Calcd for Ci3H19N20, [(M+H)™]: 235.1441, found 235.1446.
trans-1-(2-butyl)-2-(4-methylphenyl)-3-nitroaziridine (3r)

Yellow oil (43.8 mg, 0.19 mmol, 31% yield). '"H NMR (CDCls) 8 0.74 (t, J = 7.2 Hz, 1H),
0.89-0.93 (m, 4H, overlap), 1.20 (d, J = 6.0 Hz, 1H), 1.36-1.39 (m, 1H), 1.54-1.66 (m, 1H),
2.35 (s, 3H), 2.56-2.62 (m, 1H), 3.85 (d, /J=1.2 Hz, 1H), 4.96 (d, /= 1.2 Hz, 1H), 7.17 (s, 4H,
overlap); 3*C NMR (CDCl3) & 10.0 (CH3), 18.6 (CHs), 21.1 (CH3), 29.6 (CH>), 48.2 (CH),
55.9 (CH), 74.6 (CH), 127.9 (CH), 129.3 (CH), 129.4 (C), 138.7 (C); IR (ATR/cm™") v 1559;
HRMS (ESI/TOF) Caled for Ci13H19N202 [(M+H)*]: 235.1441, found 235.1431.
trans-2-(4-methylphenyl)-3-nitro-1-(phenylmethyl)aziridine (3t)

Yellow oil (67.1 mg, 0.25 mmol, 41% yield). 'H NMR (CDCls) 6 2.35 (s, 3H), 3.75 (d, J =
14.0 Hz, 1H), 3.83 (d, J = 14.0 Hz, 1H), 3.99 (d, J = 1.2 Hz, 1H), 5.00 (d, J = 1.2 Hz, 1H),
7.16 (s, 4H, overlap), 7.27-7.35 (m, 5H); 3C NMR (CDCls) & 21.2 (CH3), 48.9 (CH), 53.5
(CH>), 74.8 (CH), 127.6 (CH), 128.0 (CH), 128.2 (C), 128.4 (CH), 128.6 (CH), 129.5 (CH),
137.0 (C), 139.1 (C); IR (ATR/em™') v 1559; HRMS (ESI/TOF) Caled for CisHi7N2O;
[(M+H)"]: 269.1285, found 269.1274.
trans-2-(4-methylphenyl)-3-nitro-1-(propene-3-yl)aziridine (3v)

Yellow oil (88.7 mg, 0.41 mmol, 67% yield). 'H NMR (CDCls) & 2.35 (s, 3H), 3.18 (dd, J
=438, 14.0 Hz, 1H), 3.28 (dd, /=4.8, 14.0 Hz, 1H), 3.92 (d, /= 1.6 Hz, 1H), 494 (d,J= 1.6
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Hz, 1H), 5.14 (dd, J= 1.2, 9.2 Hz, 1H), 5.16 (dd, J = 1.2, 17.2 Hz, 1H), 5.83-5.93 (m, 1H),
7.18 (s, 4H, overlap); *C NMR (CDCls) § 21.2 (CH3), 48.4 (CH), 52.2 (CHz), 74.6 (CH),
117.7 (CHz), 128.0 (C), 128.4 (CH), 129.4 (CH), 133.2 (C), 139.0 (C); IR (ATR/cm™) v 1558;
HRMS (ESI/TOF) Calcd for C12H1sN2O2 [(M+H)]: 219.1128, found 219.1117.
trans-1-(2-hydroxyethyl)-2-(4-methylphenyl)-3-nitroaziridine (3w)

Yellow oil (39.6 mg, 0.18 mmol, 30% yield). '"H NMR (CDCl3) & 2.35 (s, 3H), 2.72 (br s,
1H), 2.73 (t, /= 5.2 Hz, 2H), 3.68-3.86 (m, 2H), 3.87 (d, /= 1.6 Hz, 1H), 5.07 (d, /= 1.6 Hz,
1H), 7.18 (s, 4H, overlap); *C NMR (CDCIls) & 21.1 (CH3), 47.6 (CH), 51.8 (CH>), 61.4
(CH), 75.0 (CH), 127.7 (C), 128.4 (CH), 129.5 (CH), 139.1 (C); IR (ATR/cm™) v 1557,
HRMS (ESI/TOF) Caled for C11H1sN2Os [(M+H)"]: 223.1077, found 223.1066.
trans-1-(3-hydroxypropyl)-2-(4-methylphenyl)-3-nitroaziridine (3x)

Yellow oil (49.9 mg, 0.21 mmol, 35% yield). '"H NMR (CDCl3) § 1.73-1.77 (m, 2H), 2.25
(brs, 1H), 2.36 (s, 3H), 2.72 (t, J = 6.4 Hz, 2H), 3.74 (t, J = 5.6 Hz, 2H), 3.89 (s, 1H), 4.98 (s,
1H), 7.17 (s, 4H, overlap); '*C NMR (CDCls) § 21.2 (CHs), 31.5 (CHy), 47.8 (CH.), 48.4
(CH), 61.2 (CH,), 74.9 (CH), 127.6 (C), 128.4 (CH), 129.5 (CH), 139.1 (C); IR (ATR/cm™!) v
1558; HRMS (ESI/TOF) Calcd for C12H17N203 [(M+H)"]: 237.1234, found 237.1228.

4.4 Isomerization of trans-N-alkyl-C-nitroaziridine 3a to p-nitroenamine 8a
(2)-1-(4-methylphenyl)-1-nitro-2-(propylamino)ethene (8a)

To a solution of trans-N-alkyl-C-nitroaziridines 3a (44 mg, 0.20 mmol) in MeCN (1.5 mL),
was added SnCl>-:2H>O (14 mg, 0.06 mmol), and the resultant mixture was stirred at room
temperature for 4 h. Then, the solvent was evaporated to afford a mixture as a yellow residue,
which was treated by column chromatography on silica gel to afford B-nitroenamines 8a
(eluted with CH2Cl, 33.1 mg, 0.15 mmol, 76% yield) as a yellow solid.

Mp 84—86 °C. 'H NMR (CDCl3) 4 1.01 (t, J = 7.2 Hz, 3H), 1.71 (tq, J = 7.2, 7.2 Hz, 2H),
2.36 (s, 3H), 3.38 (dt, /= 6.8, 7.2 Hz, 2H), 7.08 (d, J = 14.0 Hz, 1H), 7.18 (d, J = 8.0 Hz, 2H),
7.25 (d, J = 8.0 Hz, 2H), 9.45-9.55 (br, 1H); 3C NMR (CDCls) & 11.0 (CHs), 21.2 (CH3),
24.1 (CH2), 51.6 (CH>), 122.4 (C), 129.0 (CH), 129.6 (CH), 130.2 (C), 137.7 (C), 148.4 (CH);
IR (ATR/cm™) v 3288, 1646, 1517; HRMS (ESI/TOF) Caled for Ci12H¢N20>Na [(M+Na)']:
243.1104, found 243.1093.

When other aziridines 3 were used, experiments were conducted in a similar way.
(2)-1-(4-methoxyphenyl)-1-nitro-2-(propylamino)ethene (8b)

Yellow solid (41.1 mg, 0.17 mmol, 87%). Mp 122—124 °C; '"H NMR (CDCls,) 8 1.01 (t, J =
7.2 Hz, 3H), 1.71 (tq, J= 7.2, 7.2 Hz, 2H), 3.37 (dt, /= 6.8, 7.2 Hz, 2H), 3.81 (s, 3H), 6.98 (d,
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J=8.4Hz, 2H), 7.06 (d, J = 14.0 Hz, 1H), 7.22 (d, J = 8.4 Hz, 2H), 9.45-9.53 (br, 1H); 13C
NMR (CDCl3) ¢ 11.0 (CH3), 24.0 (CH2), 51.6 (CH2), 55.3 (CH3), 113.8 (CH), 122.1 (C),
125.5 (C), 131.1 (CH), 148.3 (CH), 159.2 (C); IR (ATR/cm™) v 3291, 1643, 1517; HRMS
(ESI/TOF) Calcd for Ci2H17N203 [(M+H)*]: 237.1234, found 237.1232.
(£)-1-(2-methoxyphenyl)-1-nitro-2-(propylamino)ethene (8c)

Yellow oil (41.9 mg, 0.18 mmol, 89%). '"H NMR (CDCls) 6 1.00 (t, J = 7.2 Hz, 3H), 1.70
(tq, J=7.2,7.2 Hz, 2H), 3.35 (dt, J = 6.8, 7.2 Hz, 2H), 3.80 (s, 3H), 6.92 (d, J = 8.0 Hz, 1H),
6.96 (dd, J = 8.0, 8.0 Hz, 1H), 7.00 (d, J = 14.4 Hz, 1H), 7.20 (dd, J = 1.6, 8.0 Hz, 1H), 7.33
(ddd, J = 1.6, 8.0, 8.0 Hz, 1H), 9.42-9.50 (br, 1H); '*C NMR (CDCls) & 11.0 (CH3), 24.0
(CH2), 51.5 (CH2), 55.7 (CH3), 111.2 (CH), 118.5 (C), 120.5 (CH), 122.1 (C), 130.1 (CH),
132.0 (CH), 149.0 (CH), 157.9 (C); IR (ATR/cm™) v 3300, 1646, 1560; HRMS (ESI/TOF)
Calcd for C12H17N203 [(M+H)*]: 237.1234, found 237.1240.
(£)-1-(3,5-dimethoxyphenyl)-1-nitro-2-(propylamino)ethene (8d)

Yellow oil (23.6 mg, 0.09 mmol, 45%). '"H NMR (CDCl) 6 1.01 (t, J = 7.2 Hz, 3H), 1.71
(tq, J=7.2, 7.2 Hz, 2H), 3.38 (dt, J = 6.8, 7.2 Hz, 2H), 6.42 (t, J= 2.4 Hz, 1H), 6.53 (d, J =
2.4 Hz, 2H), 7.12 (d, J = 14.0 Hz, 1H), 9.47-9.53 (br, 1H); '3*C NMR (CDCl3) & 11.0 (CH3),
24.0 (CH»), 51.7 (CH>), 55.4 (CH3), 99.9 (CH), 107.9 (CH), 122.3 (C), 134.9 (C), 148.6 (CH),
160.6 (C); IR (ATR/ecm™) v 3293, 1645, 1559; HRMS (ESI/TOF) Calcd for Ci3H;9N204
[(M+H)"]: 267.1339, found 267.1338.

(£)-1-nitro-1-phenyl-2-(propylamino)ethene (8¢)

Yellow oil (16.2 mg, 0.08 mmol, 40%). '"H NMR (CDCls) § 1.02 (t, J = 7.2 Hz, 3H), 1.72
(tq, J= 7.2, 7.2 Hz, 2H), 3.39 (dt, J = 6.8, 7.2 Hz, 2H), 7.10 (d, J = 13.6 Hz, 1H), 7.28—7.33
(m, 1H), 7.35-7.38 (m, 4H), 9.50-9.56 (br, 1H); 3C NMR (CDCls) 3 11.0 (CH3), 24.0 (CH>),
51.7 (CH»), 126.8 (C), 127.7 (CH), 128.3 (CH), 129.6 (CH), 133.1 (C), 148.6 (CH); IR
(ATR/ecm™) v 3277, 1646, 1559; HRMS (ESI/TOF) Calcd for CiiHisN.O> [(M+H)']:
207.1128, found 207.1131.

(2)-1-(4-bromophenyl)-1-nitro-2-(propylamino)ethene (8f)

Yellow solid (27.8 mg, 0.10 mmol, 49%). Mp 61-62 °C; 'H NMR (CDCls) & 1.02 (t, J =
7.2 Hz, 3H), 1.73 (tq, J= 7.2, 7.2 Hz, 2H), 3.40 (dt, /= 6.8, 7.2 Hz, 2H), 7.08 (d, J = 14.0 Hz,
1H), 7.24 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 9.47-9.55 (br, 1H); '*C NMR (CDCl5)
6 11.0 (CH3), 24.0 (CH2), 51.7 (CH»), 121.5 (C), 121.7 (C), 131.1 (CH), 131.5 (CH), 132.0
(C), 148.3 (CH); IR (ATR/cm) v 3268, 1637, 1539; HRMS (ESI/TOF) Calcd for
C11H14BrN2O; [(M+H)*]: 285.0233, found 285.0235.
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(Z)-1-(4-chlorophenyl)-1-nitro-2-(propylamino)ethene (8g)

Yellow solid (21.3 mg, 0.09 mmol, 45%). Mp 77-79 °C; 'H NMR (CDCl3) § 1.02 (t, J =
7.2 Hz, 3H), 1.72 (tq, J = 7.2, 7.2 Hz, 2H), 3.40 (dt, /= 6.8, 7.2 Hz, 2H), 7.08 (d, J = 14.0 Hz,
1H), 7.30 (d, J = 8.8 Hz, 2H), 7.34 (d, J = 8.8 Hz, 2H), 9.48-9.54 (br, 1H); 1*C NMR (CDCl5)
6 11.0 (CH3), 24.0 (CH>), 51.7 (CH), 121.5 (C), 128.5 (CH), 130.9 (CH), 131.5 (C), 133.6
(C), 148.3 (CH); IR (ATR/cm™') v 3280, 1642, 1539; HRMS (ESI/TOF) Caled for
C11H14CIN2O; [(M+H)*]: 241.0738, found 241.0749.
(£)-1-(2-naphthyl)-1-nitro-2-(propylamino)ethene (8j)

Yellow solid (42.3 mg, 0.17 mmol, 83%). Mp 82—85 °C; 'H NMR (CDCls) & 1.02 (t, J =
7.2 Hz, 3H), 1.72 (tq, J = 7.2, 7.2 Hz, 2H), 3.40 (dt, J = 6.8, 7.2 Hz, 2H), 7.21 (d, J = 14.0 Hz,
1H), 7.45-7.49 (m, 2H), 7.56 (dd, J = 1.2, 8.4 Hz, 1H), 7.71 (d, J = 1.2 Hz, 1H), 7.78-7.83
(m, 3H), 9.54-9.60 (br, 1H); 3C NMR (CDCl3) 8 11.0 (CH3), 24.1 (CH>), 51.7 (CH»), 122.5
(©), 126.2 (CH), 126.3 (CH), 127.6 (CH), 127.7 (CH), 127.8 (CH), 127.8 (CH), 127.9 (CH),
130.7 (C), 132.7 (C), 133.2 (C), 148.8 (CH); IR (ATR/cm™) v 3295, 1643, 1560, HRMS
(ESI/TOF) Calcd for CisHi17N2O> [(M+H)*]: 257.1285, found 257.1283.
(£)-1-nitro-2-propylamino-1-(2-thienyl)ethene (8m)

Yellow oil (42.5 mg, 0.20 mmol, quant.). 'H NMR (CDCls) 6 1.03 (t, /= 7.2 Hz, 3H), 1.74
(tq,J=17.2,7.2 Hz, 2H), 3.44 (dt, J = 6.8, 7.2 Hz, 2H), 6.99 (dd, J = 3.6, 5.2 Hz, 1H), 7.03 (d,
J=3.6 Hz, 1H), 7.30 (d, J = 5.2 Hz, 1H), 7.43 (d, J = 14.0 Hz, 1H), 9.74-9.80 (br, 1H); 1*C
NMR (CDCl3) 6 11.0 (CHz3), 23.9 (CHz), 51.9 (CH>), 117.6 (C), 123.8 (CH), 125.7 (CH),
126.2 (CH), 134.8 (C), 148.3 (CH); IR (ATR/cm™) v 3288, 1646, 1559; HRMS (ESI/TOF)
Calcd for CoH13N20:2S [(M+H)]: 213.0692, found 213.0691.
(2)-1-(2-furyl)-1-nitro-2-(propylamino)ethene (8n)

Yellow solid (31.1 mg, 0.16 mmol, 80%). Mp 63—64 °C; 'H NMR (CDCls) & 1.03 (t, J =
7.2 Hz, 3H), 1.75 (tq, J = 7.2, 7.2 Hz, 2H), 3.47 (dt, /= 6.8, 7.2 Hz, 2H), 6.44 (dd, J= 1.6, 3.6
Hz, 1H), 6.81 (dd, J= 0.8, 3.6 Hz, 1H), 7.31 (dd, J = 0.8, 1.6 Hz, 1H), 7.68 (d, J = 14.4 Hz,
1H), 9.82-9.90 (br, 1H); 3C NMR (CDCl3) 8 10.9 (CH3), 23.9 (CH»), 52.1 (CH>), 107.6 (CH),
111.6 (CH), 116.4 (C), 140.1 (CH), 145.8 (C), 147.7 (CH); IR (ATR/cm™') v 3255, 1653, 1559;
HRMS (ESI/TOF) Calcd for CoH13N203 [(M+H)']: 197.0921, found 197.0916.
(£)-1-(4-methylphenyl)-2-[(2-methylpropyl)amino]-1-nitroethene (8q)

Yellow oil (34.1 mg, 0.15 mmol, 73%). '"H NMR (CDCls) § 1.00 (d, J = 6.8 Hz, 6H), 1.91
(triple septet, J = 6.4, 6.8 Hz, 1H), 2.36 (s, 3H), 3.22 (dt, J = 6.4, 6.4 Hz, 2H), 7.05 (d, J =
14.0 Hz, 1H), 7.18 (1H, J = 8.0 Hz, 2H), 7.25 (1H, J = 8.0 Hz, 2H), 9.50-9.59 (br, 1H); 1*C
NMR (CDCl) 6 19.7 (CH3), 21.2 (CH3), 29.7 (CH), 57.6 (CHy), 122.3 (C), 129.0 (CH), 129.6
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(CH), 130.2 (C), 137.6 (C), 148.7 (CH); IR (ATR/cm™) v 3281, 1643, 1517; HRMS
(ESI/TOF) Caled for C13H19N20O2 [(M+H)"]: 235.1441, found 235.1431.
(2)-2-(2-butylamino)-1-(4-methylphenyl)-1-nitroethene (8r)

Yellow solid (37.4 mg, 0.16 mmol, 80%). Mp 68—70 °C; 'H NMR (CDCls) 8 0.99 (t, J =
7.2 Hz, 3H), 1.35 (d, J= 6.4 Hz, 3H), 1.61-1.69 (m, 2H), 2.36 (s, 3H), 3.37 (dtq, /= 6.4, 6.8,
7.2 Hz, 1H), 7.11 (d, J = 14.0 Hz, 1H), 7.18 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H),
9.40-9.48 (br, 1H); *C NMR (CDCls) § 10.3 (CHz3), 21.2 (CH3), 21.3 (CH3), 30.5 (CH»), 57.7
(CH), 122.1 (C), 129.0 (CH), 129.6 (CH), 130.3 (C), 137.6 (C), 146.9 (CH); IR (ATR/cm™!) v
3276, 1638, 1517, HRMS (ESITOF) Calcd for Ci3Hi9N2O2 [(M+H)']: 235.1441, found
235.1442.

(2)-1-(4-methylphenyl)-1-nitro-2-[(phenylmethyl)amino]ethene (8t)

Yellow solid (45.7 mg, 0.17 mmol, 86%). Mp 92-94 °C; 'H NMR (CDCl;) & 2.35 (s, 3H),
4.57 (d, J = 6.0 Hz, 2H), 7.12 (d, J = 14.0 Hz, 1H), 7.16—7.42 (m, 9H), 9.60-9.68 (br, 1H);
BC NMR (CDCl3) & 21.2 (CH3), 53.3 (CHy), 123.2 (C), 127.5 (CH), 128.5 (CH), 129.1 (CH),
129.2 (CH), 129.6 (CH), 130.0 (C), 136.1 (C), 137.8 (C), 147.7 (CH); IR (ATR/cm™) v 3287,
1640, 1517; HRMS (ESI/TOF) Calcd for CisH17N202 [(M+H)*]: 269.1285, found 269.1284.
(£)-1-(4-methylphenyl)-1-nitro-2-[(propene-3-yl)amino]ethene (8v)

Yellow solid (35.6 mg, 0.16 mmol, 82%). Mp 88—90 °C; 'H NMR (CDCls) § 2.35 (s, 3H),
4.01 (dd, J = 5.6, 5.6 Hz, 2H), 5.30 (dd, J = 0.8, 8.8 Hz, 1H), 5.33 (dd, /= 0.8, 17.2 Hz, 1H),
5.87-5.97 (m, 1H), 7.05 (d, J = 13.6 Hz, 1H), 7.18 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz,
2H), 9.38-9.46 (br, 1H); *C NMR (CDCl3) 8 21.2 (CH3), 51.5 (CHz), 118.7 (CH>), 123.1 (C),
129.0 (CH), 129.6 (CH), 130.0 (C), 132.8 (CH), 137.8 (C), 147.8 (CH); IR (ATR/cm™) v
3292, 1637, 1518; HRMS (ESIUTOF) Calcd for Ci2HisN2O> [(M+H)']: 219.1128, found
219.1128.

(£)-2-](2-hydroxyethyl)amino]]-1-(4-methylphenyl)-1-nitroethene (8w)

Yellow solid (28.3 mg, 0.13 mmol, 64%). Mp 96-98 °C; 'H NMR (CDCls) 6 2.34 (s, 3H),
2.97-3.02 (br, 1H), 3.52 (dt, J = 5.6, 5.6 Hz, 2H), 3.83 (dt, J = 4.4, 5.6 Hz, 2H), 7.14 (d, J =
8.4 Hz, 2H), 7.17 (d, J = 15.2 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 9.58-9.66 (br, 1H); 3C NMR
(CDCl) 6 21.2 (CH3), 52.1 (CH»), 61.5 (CH»), 122.4 (C), 129.0 (CH), 129.6 (CH), 129.9 (C),
137.7 (C), 149.8 (CH); IR (ATR/cm™) v 3296, 1642, 1517, HRMS (ESI/TOF) Calcd for
C1iH1sN203 [(M+H)*]: 223.1077, found 223.1073.
(Z2)-2-[(3-hydroxypropyl)amino]-1-(4-methylphenyl)-1-nitroethene (8x)

Yellow oil (34.9 mg, 0.15 mmol, 74%). '"H NMR (CDCls) & 1.80—1.85 (br, 1H), 1.92 (tt, J
=35.6, 5.6 Hz, 2H), 2.36 (s, 3H), 3.59 (dt, J = 5.6, 6.4 Hz, 2H), 3.81 (dt, /= 4.8, 5.6 Hz, 2H),
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7.12 (d, J = 14.0 Hz, 1H), 7.18 (d, J = 7.6 Hz, 2H), 7.25 (d, J = 7.6 Hz, 2H), 9.62-9.70 (br,
1H); 1*C NMR (CDCls) 6 21.2 (CHz3), 32.7 (CH>), 47.0 (CH>), 59.4 (CH>), 122.4 (C), 129.0
(CH), 129.5 (CH), 130.1 (C), 137.7 (C), 148.8 (CH); IR (ATR/cm™) v 3373, 1646, 1517,
HRMS (ESI/TOF) Calcd for C12HisN2O3Na [(M+Na)*]: 259.1053, found 259.1060.
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