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Abstract

Nitro compounds show great importance in chemistry, biology and material sciences.
Among them, nitropyridines and nitroanilines are widely used as useful intermediates for
synthesis of biologically active compounds, pharmaceutical and agrochemical
importance. Although nitration is the easiest way for introducing nitro group to scaffold
frameworks, harsh conditions are sometimes necessary, which means the control of the
reaction is quite difficult and a reactive functional group cannot be tolerated. Furthermore,
a strategy to install substituents directly into pyridine framework is not easily performed
because of low reactivity of pyridines and its derivatives. Thus, the development of an
efficient method for synthesis of these compounds still remains a challenge. Therefore,
the goal of this Ph.D Thesis was the development of a new method for synthesis of various
kinds of nitro compounds by using a three component ring transformation (TCRT) of
dinitropyridone 1 with ketones in the presence of less nucleophilic ammonium acetate
(NH4OAC) as nitrogen source .

As results, various kinds of nitro compounds such as arylated nitropyridine 3, nitrated
cycloalka[b]pyridines 5, 2-alkylated/arylated 5-nitropyridines 7, 3-substituted 5-
nitropyridines 9 and nitroanilines 11 were prepared by TCRT of dinitropyridone 1 with
ketones such as aromatic ketones 2, cyclic ketone 4, o,3-unsaturated ketones 6, aldehyde
8 and aliphatic ketone 10, respectively, in the presence of ammonium acetate as nitrogen

source (Scheme 1).
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Scheme 1. TCRT of dinitropyridone affording various kinds of nitropyridines and

nitroanilines

In summary, a facile and efficient method for construction libraries containing a large
number of nitropyridine and nitropyridine derivatives, was successfully developed. This
method requires only simple manipulations, single step reaction, and mild conditions.
Furthermore, the modification of nitropyridine or nitroaniline frameworks can be easily
obtained only chaining a commercially available substrates. These features improve the

synthetic value of this method, and it will be alternative approach to nitro compounds.



Chapter 1. General Introduction

1. Nitro compounds

Nitro compounds constitute an important class among organic compounds and are
widely used in industrial production of chemicals such as drugs, dyes, explosives and
pesticides (Scheme 1). These compounds are organic molecules that consist of at least
one nitro group attached to molecules. Indeed, a nitro group is one of the important
functional group in chemical syntheses because of the following properties:*

(1) A nitro group behaves as an electron-withdrawing group by both inductive and
resonance effects. Thus, a nitro group considerably decreases electron density of the
scaffold frameworks to facilitate reactions with nucleophiles.

(2) The electron-withdrawing nitro group activates various skeletons. Although most
halobenzenes caused no reaction upon treatment with nucleophiles, nitrated ones easily
undergo the nucleophilic substitution.

(3) A nitro group assists the adjacent carbon-carbon bond cleavage, and can be
transferred to versatile functional groups. Thus, a large number of nitro compounds are
also widely employed as the key intermediates leading to versatile compounds (Scheme
2).

Furthermore, when some organic compounds with multiple nitro groups react with
nucleophiles, stable Meisenheimer complex can be formed. (ref.nitoaromatic

compounds)
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Scheme 1. Application of nitro compounds?
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Scheme 2. Conversion of a nitro group into other functionalities

Nitro compounds are generally divided into two categories: naturally occurring nitro

compounds and synthesized nitro compounds.
1.1  Naturally occurring nitro compounds

Nitro group are often found in a variety of natural products and show great importance
in a wide range of biological activities. Thus, these compounds have attracted many
researcher’s interest, and their isolations, structural determination, total synthesis and
modifications have been an important subject over the past decades. Generally, these
compounds have been isolated from plants, fungi, bacteria and mammals. For example,
the potent antibiotic chloramphenicol is produced from bacterium Streptomyces
venezuelae;® the antifungal agent pyrrolnitrin is produced from Pseudomonas
fluorescens; 3 the antitumoral pyrone metabolite aureothin from Streptomyces thioluteus;®
the metabolite nitropropionic acid was found in both palnts and fungi® (Scheme 3). It is
interesting to note that there are two main pathways are conceivable for the formation of
nitro compounds in nature: nitration or oxygenation of amines. However, as the best of
our knowledge, only around 200 naturally occurring nitro compounds have been
identified till date.
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Scheme 3. Naturally occurring nitro compounds

1.2  Unnatural nitro compounds

On the other hand, unnatural nitro compounds have also gained a lot of attention
recently because of their excellent pharmacological and physiological activities. Among
these compounds, nitropyridines and nitroanilines such as 2-arylated 5-nitropyridines,
cycloalka[b]pyridines, 2-alkenyl/alkynyl 5-nitropyridines, 3-alkylated/arylated 5-

nitropyridines and nitroanilines, are focused on the presence thesis.
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@N”N 0 O.N iPr Pr NO,
O v
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Cl s . .
N 'PrM'Pr
DGAT1 inhibitors Regulators of Vasalin containing proteins
N NO,
L
N

cl
Scheme 4. Example of some naturally occurring and unnatural nitro compounds*



2. Synthetic methods of nitro compounds

Generally, preparative methods for nitro compounds are divided into three categories:®
(1) the direct approach to nitro compounds, (2) built-in methods using a nitrated building

block, and (3) ring transformation, which are supplementary method to each other.
2.1  Direct approach to nitro compounds

In this synthetic pathway, three strategies are often employed: (1) nitration, which is
directly introduce a nitro group to scaffold frameworks; (2) chemical conversion, which
is chemical transformation of other functional groups into a nitro group when these
functional groups can be easily introduced; and (3) degradation, which is often used when

nitro compounds with an additional functional group are necessary.

Nitration

NO,
—_—
Chemical conversion
NH, NO>
_—
Degradation

NO NO

2 />< 2
- : +
N



2.1.1 Nitration

Because nitro compounds are widely employed for various purposes as mentioned

before, considerable attention has been paid to the synthesis of these compounds for a

long time. The nitration is the most common way to introduce a nitro group directly into

the scaffold frameworks,® which has been performed using HNOs or a combination of

HNO3 and H2SO4 as nitrating agent. Several examples are shown in Scheme 5.7 Although

other nitrating agent also has been employed, however, these are not applicable to large

scale nitration because harsh conditions are sometimes necessary and a reactive

functional group cannot be tolerated. In addition, large amounts of waste acids are

produced, which should be then treated after reaction.

Me But

Me

HNOs/H,SO,
—_—_—

100 °C

HNO4/H,SO,
_— >

150 °C

HNOs/H,SO,
R ——

100 °C

NO,
Me But

Me

NO,
cl o

Cl Cl

Scheme 5. Some examples of nitration

It is known that the direct nitration of the heterocyclic compounds such as pyridine is

quite difficult and often results in low yields of products because it is prevented by the

low electron density and the basic nitrogen forming a salt with acid catalyst. Recently,



some strong nitrating agents have been developed that facilitates nitration of pyridine and
its derivatives under mild conditions. Bakke’s group firstly reported the nitration of
pyridine using dinitrogen pentoxide in sulfur dioxide solution, which gave 3-
nitropyridines in good yield.® However, this method is troublesome because it is
necessary to prepare nitrating agent beforehand. Suzuki and co-workers also reported an
excellent nitration method using nitrogen dioxide and ozone.® Unfortunately, this method
gave a mixture of 3-nitropyridine and 3,5-dinitropyridine in low vyield. In addition,
excessive oxidation of the nitrated compounds also occurs because nitrating agents are
strong oxidants. Although ipso-nitration methods have been developed to overcome these
disadvantages,'” it is not cost-effective and not environmental benign. Therefore, this

method is not practically used.

| A N202/SOZ AN NOZ
—_—
N/ | N/
|\ N,O,/O; |\ NO, . O.N |\ NO,
—_— >
N7 N N

Scheme 6. Direct nitration of pyridine using different nitrating agent

2.1.2  Chemical conversion

When a suitable functional groups presents in the molecule, the chemical
transformation of functional groups into a nitro groups becomes alternative approach to
nitro compounds. Oxidation of an amino group to a nitro group using Oz can be used
however, side reactions sometimes proceed competitively. Although these side reactions
can be avoided by the use of solid media such as silica gel or catalytic systems, this
method is not practically used because Oz is not easily treatable reagent.

Another approach to nitro compounds by chemical conversion is also reported, in
which carbonyl compounds can be converted to nitro compounds via oximes.'! However,
strong oxidants such as CFsCOsH should be used. In addition, the chemical conversion

of alkyl azides are also used for preparation of nitroalkanes using triphenylphophine and



O3 or HOF-MeCN complex. These methods are also troublesome because it is necessary
to prepare catalyst beforehand.

On the other hand, the preparation of nitropyridines or nitroanilines by chemical
conversion are not a convenient way because these methods require many steps, in which
protection and deportection of functional groups are necessary. Moreover, the starting
material are not easily available because these compounds are often prepared by coupling

reaction.

N02 NH2

0) O
)J\NH )]\NH NH,

NO2 N02 N02
Scheme 7. Multi-Step for the synthesis of the nitroaniline derivatives

2.1.3  Degradation

Heterocyclic compounds easily cause the ring opening reaction to give degraded
products because of their low aromaticity and polarized structure. Thus, degradation of
nitrated heterocyclic compounds is often employed for construction of multipl
functionalized nitro compounds. Some examples are illustrated in Scheme 5.1 However,

this method is not usable for preparation of nitropyridines or nitroanilines.
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Scheme 8. Some examples of degradation

2.2  Built-in methods using a nitrated building block

Although nitration is a direct method to introduce a nitro group into framework,
however, there are some compounds cannot be prepared by nitration. As a supplementary
method, built-in method is employed. This method is known as the incorporation of a
nitro compound bearing an additional functional group as the building block.

Indeed, built-in method for construction of a large number of nitro compounds using
nitroalkanes, nitroalkenes, and bromonitromethane as building block have been reported
widely. Some examples are shown in Scheme 9.2 Furthermore, such building blocks are
also often appear as a synthon in the retrosynthesis of nitro compounds, among which
nitromaloaldehyde (NMA-H) is an important substrate. However, this method suffers
from several disadvantages since NMA-H is too unstable in aqueous solution to be
isolated. Therefore, several synthetic equivalents of NMA-H have been developed such
as formylnitroenamine for synthesis of nitrated phenols and pyrimidines; 1,4-

dinitropyrazole for synthesis of nitropyrazoles.
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Scheme 9. Several synthetic equivalent of NMA-H

As an excellent synthetic equivalent of NMA-H, sodium nitromaloaldehyde (NMA-
Na) is extensively employed to afford 2,6-disubstituted 4-nitrophenols, 3-nitropyridines,
nitropyrimidines and their condensed derivatives, pyrazolopyridine and other ring
systems as illustrated in Scheme 10.* Despite the high synthetic value of NMA-Na, the
preparation of NMA-Na is troublesome since it is impact-sensitive, thermally unstable

and should be handled as a potentially explosive material.

10
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Scheme 10. Condensation of sodium nitromaloaldehyde as synthetic equivalent of
NMA-H

2.3  Ring transformation

As mentioned so far, it is not easy to obtain nitrated heterocyclic compounds,
expecially heteroaromatic compounds. Thus, a supplementary method for construction of
nitrated heterocyclic compounds is of great important in both medicinal and synthetic
chemists. Meanwhile, ring transformation is known as one of the powerful methods for
synthesizing functionalized heterocyclic compounds that are not easily available by other
methods.’® Ring transformation is restructuring reaction including “scrap and build”.

Namely, the partial structure A of the substrate (A+B) is transferred to the reagent C to

11



form a new ring systems (A+C) accompanied by elimination of the good leaving group
B (Scheme 7).

Substrate Reagent Product Leaving group

Scheme 11. Concept of ring transformation
While Diels-Alder-type!® and ANRORC-type!’ ring transformations have been
energetically studied, a nucleophilic-type ring transformation is still remaining challenge.
From this viewpoint, the goal of this PhD thesis was the study on nucleophilic type ring

transformation which can be used to construct a great number of heterocyclic compounds.

Diels-Alder Type

R
& " NH,

Scheme 12. Example of Diels-Alder type and Degenerated type ring transformation

2.3.1  Nucleophilic type ring transformation

The nucleophilic type ring transformation is known as the use of a combination of

dinucleophilic reagent and dielectrophilic substrate. The substrates for this reaction

12



should be electron-deficiency and are required to have a good leaving group as a partial
structure.'® Indeed, nitropyridines are often employed as substrates for nucleophilic ring
transformation; however, severe conditions such as strong base and high temperature are
necessary to destroy aromaticity of the pyridine nuclei. Therefore, several substrates for
nucleophilic ring transformation have been developed. Indeed, the nucleophilic ring
transformation of 5-nitropyrimidine has been energetically studied by van der Plas and
co-workers.°

Nitropyrimmidinones 1 underwent the nucleophilic ring transformation easily under
mild conditions because this compounds are highly electron-deficient with low
aromaticity and containing good leaving group anionic nitroacetamide as the partial
structure. In these reactions, 5-nitro-4-pyrimmidinones 1 behaves synthetic equivalent of
unstable nitromaloaldehyde. Indeed, difunctionalized 4-pyridones and polyfunctionalized
pyridines were prepared by the ring transformation of 5-nitro-4-pyrimidinone 1 with -
keto esters and active methylene compounds, respectively (Scheme 13).

O O o o
2
AR AR
2 , RU_ W .
base L
o o 0
m J — OZN\)Q' _Me
N ST N CN
H o'\ P2 L
i i OoN
Diformylamine 1 EtO 40 2

Scheme 13. The nucleophilic ring transformation of 5-nitro-4-pyrimidinone
Dinitropyridone 6, which serves as synthetic equivalent of unstable

nitromaloaldehyde,? is reported as superior substrate for nucleophilic ring transformation.

However, only few literatures dealing with ring transformation using dinitropyridone 6

13



as substrate. Thus, the ring transformation of dinitropyridone 6 is emphasized in the

present thesis.

07 "N™ 07 NH
| (@) |
Me Me

6 Nitromalonaldehyde

O,N_ e~ _NO O,N
2 /:w/ 2 _ NO, 2
N o)
~ Sall
2

Scheme 14. Dinitropyridone behaves as synthetic equivalent of unstable
nitromaloaldehyde

Before conducting ring transformation, the electron deficiency and electrophlicity of
dinitropyridone 6 was allowed to react with amine. As a results, the aminolysis of
dinitropyridone easily proceeds leading to formation of azadienamines 7 having a nitro

group when this compound is treated with amines in a pyridine solution.4

0N _NO,
I\( RNH, R NO2
07N Pyridine /T
|
Me HN
R
6 7

Scheme 15. The aminolysis of dinitropyridone

The ring transformation of dinitropyridone 6 with B-keto esters under basic conditions

have been reported, by which difunctionalized 4-nitrophenols 8 are formed.?
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Scheme 16. Ring transformation of dinitropyridone 6 with dicarbonyl compounds

Although 1,3-dicarbonyl compounds surely behave as the excellent dinucleophilic
reagents, only several kinds of ring transformation products can be obtained due to limited
availability of these reagents. In order to improve the synthetic utility of ring
transformation, a simple ketones should be used as a substrate. In this case, another
nucleophile is required, which severs as a nitrogen source or activator of substrate. This

kind of ring transformation is called three component ring transformation (TCRT).

I

Substrate ® Simple Ketone

Nitrogen Source  (Mono Nucleophilic)
or Activating Reagent

Scheme 17. A concept of three component ring transformation
2.3.2  Three component ring transformation (TCRT)

The TCRT is a combination of the substrate with simple ketones in the presence of
nitrogen source or activator of substrate. Nitropyrimidinone 1 and dinitropyridone 6
enable to undergo TCRT upon treatment with ketones 7, in the presence of NHz as a
nitrogen source, which afford 2,3-disubstituted 5-nitropyridines 8 and 4,5-disubstituted

pyrimidines 9, respectively.?>?> Unfortunately, this method requires preparation of
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methanolic ammonia beforehand, and suffers from low yields of the products because of
the competitive ammonolysis of substrate 1 and 6.2° In addition, Henry et al. reported the
TCRT of dinitropyridone?” with protected acetylpyridine in the presence of NHs, which
afforded nitropyridines in good yield. However, microwave irradiation is needed. If
competitive ammonolysis is suppressed, the TCRT will be a powerful protocol for

synthesis of arylated nitropyridines which are not easily prepared by other methods.

\\U )H NH;
07 °N'X + Ar — AN
[ = 1
Me R
1 7 8
R1
\\ 1
Os5N ¢ NO, NH; R N NO,
N + A (@] - |
A r =
o~ N™ Ar” TN
Me
6 7 9
02N \\\, N02 OBUt @] OBt O No2
2 ~ NH3 U~ | N
) + N E—— N p7
O l}l o) N
Me
6 10 11

Scheme 18. The TCRT of the the nitropyrimidinone 1 and dinitropyridone 6

Indeed, less nucleophilic ammonium acetate (NH4OAC) is similarly considered as the
nitrogen source and activates the ketones, which enables the substrates undergo the TCRT
under mild conditions. When nitropyrimidinone 1 was allowed to react with ketone 5 in
the presence of NH4OAc, the yield of pyrimidine 7 was considerably increased (Scheme
19, mode a).?° In addition, a new type ring transformation was found to proceed between
the 4- and 6-positions of nitropyrimidinone 1, leading to the 5,6-disubstituted 3-nitro-2-
pyridones 12 (Scheme 19, mode b).?% Therefore, the goal of this Ph.D Thesis was the
study on TCRT of dinitropyridone 6 with ketones in the presence of NHsOAC as nitrogen

source, which avoids the aminolysis of 6 (Scheme 19, path b).
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Scheme 19. Two kinds of TCRTs by using NH4OACc as a nitrogen source

3. Purpose of thesis

In this thesis, an alternative approach to nitropyridines and nitroanilines has been

developed using TCRT of dinitropyridone with ketones in the presence of nitrogen source.

As results, a great number of nitropyridines and nitroanilines were synthesized from good

to excellent yields.
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Chapter 2. Synthesis of 2-Aryl-5-Nitropyditines

In this chapter, the TCRTs of dinitropyridone with aromatic ketones and NH4sOAc
were investigated, which afforded 2-arylated-5-nitropyridines from good to excellent
yields. Furthermore, the application of various kinds of (het)aryl ketones as substrates for

this reaction affording the corresponding (het)arylated pyridines was also studied.
I l\ _NH©OAc Ry~ NO;
EtOH |

1. Introduction

Arylated nitropyridines are widely used for various purposes. Hood and co-workers
reported arylated nitropyridines as precursors for synthesis of Wnt inhibitiors.* These
compounds can be also used as synthetic intermediate for synthesis of inhibitors of
stearoyl-CoA desaturase as reported by Bischoff's group;? bacterial RNAP inhibitors as
reported by Mcphillie and co-workers;® drugs for eye diseases and Paget disease as
reported by Zafar’s group,* and so on (Scheme 2). In the literature, the push-pull property
of electrons of some nitropyridines substituted with an electron-donating aryl group were
also reported.® These compounds have widespread applications in pharmaceuticals and
functional materials synthesis (Scheme 1). Because of many applications, the synthesis

of arylated nitropyridnes has gained increasing attention.
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Synthetic Intermediates for Biologically Active Compounds
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- —_— \
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Scheme 1. Synthetic application of 2-arylated-5-nitropyridines

Despite the high utilities of biaryl frameworks as mentioned before, arylation of the
pyridine framework is commonly performed by transition-metal catalyzed coupling
reaction using phenylboronic acid (Suzuki reaction) or phenylmagnesium bromide
(Kumada-Tamao reaction). However, these methods suffer from availability of
functionalized halopyridines and coupling partners.®1° Especially, electron-deficient aryl
groups are not easily introduced to the pyridine framework by these methods, even when
severe reaction conditions such as high temperature, long time, and high catalyst loading
are used. Moreover, it is difficult to prepare arylated nitropyridines by above-mentioned
reactions. Hence, development of efficient, easily manipulated and environmentally

benign methods for synthesis of arylated nitropyridines remains a significant challenge.
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2. TCRT of dinitropyridone 1 with aromatic ketones in the presence of

NH4OAc affording 2-arylated 5-nitropyridines

2.1  The structural determination of bicyclic compounds

ON.__~_NO, NH,OAc O,N NO,
| /g (3 equiv.) _~_NO;
o~ N t PO EtOH J:j/ i o) \
! Ph” °N H ph N
Me

Me 65°C, 24 h

1 2a 3a (19%) 4a (61%)
(1 equiv.)

At first, dinitropyridone 1 was allowed to react with acetophenone (2a) in the presence
of 3 equiv. of NH4OAc in ethanol for 24 h at 65 "C. In this reaction, bicyclic product 4a'!
was isolated in 61% yield besides 19% of 2-phenyl-5-nitropyridine (3a).% In the *H NMR
spectrum of 4a, a pair of several signals were observed between 2 and 6 ppm, which
indicates that 4a is a mixture of two non-aromatic stereoisomers. On the basis of spectral
and analytical data, the product 4a was determined to be a 2,8-diazabicyclo[3.3.1]non-3-
ene derivative,*® which corresponds to the structure formed by insertion of 2a and a
nitrogen atom between the 1- and 2-positions of the dinitropyridone 1. The bicyclic
structure was finally confirmed by X-ray single crystal analysis using product 4b, which
was derived from 4-nitroacetophenone (2b). The isomeric structure was assigned by
NOESY spectrum; while both protons H® and H® of the exo-4a showed correlation with
H®, the correlation between H®” and H® was not observed in the case of the endo-4a (Figure
1). The DFT calculations using B3LYP 6-31+G™* showed the exo-4a was more stable than
the endo-4a with 3.3 kcal/mol.
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2.2 A plausible mechanism

A plausible mechanism for the formation of the products 3a and 4a is illustrated in
Scheme 2. The reaction is initiated by the addition the ketone 2a in an enol form at the 4-
position of the dinitropyridone 1 giving the adduct, benzoylmethylpyridone 5a, which is
then converted to the enaminopyridone 7a as a result of the reaction with an ammonium
ion. As another route to 7a, addition of enamine is also acceptable that is formed in situ
from 2a and NH4OAc. The enamine 7a serves as a common intermediate for both
products 3a and 4a. When the amino group of 7a attacks at the 6-position (mode a in
Scheme 1, path A in Scheme 2), the nitropyridine 3a is produced by the formation of the
bicyclic intermediate 8a, which undergoes the ring opening reaction and the

aromatization accompanied by the elimination of nitroacatamide.*®
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Scheme 2. A plausible mechanism for the formation of products 3a and 4a
On the other hand, when the amino group of 7a attacks the carbonyl group at the 2-

position (mode b in Scheme 1, path B in Scheme 2),'3!* the bicyclic intermediate 10a is

formed. Since its bridgehead carbons are connected with three hetero atoms, the ring
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opening reaction easily proceeds leading to the intermediate 11a. Then, the amino group

attacks the 6-position of the tautomer 12a to afford bicyclic product 4a.

2.3 Study on the effect of amount of ammonium acetate and the reaction time

The selectivity between paths A and B was considerably affected by the amount of
NHsOAc. The nitropyridine 3a was obtained in only 19% vyield, when 3 equiv. of
NHsOAc was used (Table 1, entry 1). The yield of 3a increased up to 79% accompanied
by decreasing in the yield of bicyclic product 4a with largely increasing the amount of
NHsOAC (entries 2-4).

Table 1. Study on the amount of NH4OACc affecting the ratio of the products

O,N NO, O,N NO
7 /Q NH,OAc ~_NO; 72 ?
* ph Y0 - | + \
O ’Tj EtOH Ph \N e) N N
M o H Ph |
€ 2a 65 C Me
1 (1 equiv.) 3a 4a
Yield (%) Ratio of Ratio of
Entry  NH4OAc (equiv.) Time (h) 3a 4a  3atda 3alda exolendo
1 3 24 19 61 80 24/76 56/44
2 5 24 43 46 89 48/52 59/41
3 10 24 64 25 89 72/28 70/30
4 15 24 79 0 79 100/0 -
5 15 16 75 8 83 90/10 25/75
6 15 8 61 14 75 81/19 46/54
71al 5 7 92 5 97 95/5 60/40
glal 15 5 90 0 90 100/0 -

[a] Microwave heating was applied.
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When the reaction time was shortened, the ratio of 3a/4a decreased although the total

yields were almost similar (entries 4-6). This result indicated that the bicyclic product 4a

was converted to 3a upon heating the reaction mixture for a longer time. In addition,

microwave heating was found to be more effective than conventional heating, which

considerably reduced the reaction time and increased the yield of 3a (entries 7 and 8). As

shown in Table 1, the conversion from 4a to 3a possibly proceeded under severe

conditions. While the bicyclic product 3a was intact in an ethanol solution at 65 ‘C, it was

converted to the aromatized nitropyridine 3a and dinitropyridone 1, in 84% and 16%,

respectively, in the presence of NHsOAc (Scheme 3, paths A and C). This result indicates

that there is an equilibrium between 4a and 7a.

O2N N02
/ N o ———~ No reaction
N LN 65 °C, 24 h
Mé H EtOH
4a path C
— Ph (3
L = HNHS
O2N NO, NH,OAc HoN™ ™
)/ \L (15 equiv.) O.N NO, | path A Z NO,
NSNS0 | — |
\ 65°C, 24 h N
/  Ph :
Mé H cony | path A I\’}/ll O Phm N
4a © 3a (84%)
L 7a _
path C
+
_ - _
+ NH,
H2N H'/ 0N~ NO;
O,N NO, \EI
—_—
| NS0
'Tl O I\l/le
i Me 1 1 (16%)

Scheme 3. Conversion of the bicyclic compound 4a to nitropyridine 3a and

dinitropyridone 1
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The Mulliken population of the enaminopyridone 7a determined by DFT calculations
revealed that the 2-position is electron-deficient to be attacked by the amino group easily
(Figure 2). Thus, the bicyclic product 4a is predominantly formed via path B in the earlier
stage of the reaction; the bicyclic product 4a is a kinetically controlled product. When the
reaction mixture is heated for a longer time, the bicyclic product 4a is converted to the
dinitropyridone 1 via the intermediate 7a under equilibrium, leading to the stable aromatic
product 3a via path A; the product 3a is a thermodynamically controlled product. In the
present TCRT, competitive thermal decomposition of NHsOAc also proceeded, and
ammonia gas went away from the reaction mixture. When all NH4sOAc were consumed
by the TCRT or the decomposition, the TCRT could not proceed anymore because of
lacking a nitrogen source. Hence, further increasing the amount of NH4sOAc prolongs real

reaction time, which consequently increased the yield of the nitropyridine 3a.

Ph
H,N
path B
%N NO,
pathA 6 N 2/8

e RN\

(-0.017au) 7a  (+0.293 au)

Figure 2. Mulliken population of the enaminopyridone 7a determined by DFT
calculations (DFT B3LYP/6-31+G**)

2.4  Study on the effect of electron property of the substituent

The yield of nitropyridines 3 was not only affected by the amount of NH4OAc but also
affected by electron property of the substituent. Therefore, other substituted
acetophenones were employed to study the influence of the electronic property of the
ketones 2 for the present TCRT (Table 2). The acetophenones 2c and 2d having a strong
electron-donating methoxy group at the 4- and 2-position revealed high reactivity to

afford the corresponding nitropyridines 3c and 3d in high yields without the detectable
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bicyclic product 4c and 4d (entries 3 and 4). In the case of 3-methoxyacetophenone (2e),
the yield of the nitropyridine 3e decreased because the 3-methoxy group behaves as an
electron-withdrawing group for the carbonyl group by an inductive effect, which prevents
the approach to the electron-deficient dinitropyridone 1. The efficiency of the reaction
was improved by increasing the amount of NH4OAc (entries 5 and 6). 4-
Methylacetophenone and 4-chloroacetophenones (2f and 2g) also underwent the TCRT
to furnish the corresponding nitropyridines 3f and 3g in high yields, respectively (entries
7-9). In the case of the electron-poor 4-nitroacetophenone (2b), the nitropyridine 3b was
efficiently formed in 93% yield by using 15 equiv. of NHsOAc (entries 10 and 11).

The present TCRT was applied to the heterocyclic ketones 2h-m to afford bihetaryl
compounds 3h-m. While the reaction of the dinitropyridone 1 with 3-acetylpyridine (2i)
afforded the pyridylpyridine 3i exclusively, considerable amounts of the bicyclic products
4h and 4j were obtained, when the more electron-deficient ketones 2h and 2j were
employed (entries 12-14). To the contrary, the electron-rich ketones 2k-m showed high

reactivity leading to 3k-m in good yields, respectively (entries 15-17).
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Table 2. Ring transformation with other aromatic ketones 2

OZNZTNOZ . /L NH,OAC _ NO,

O~ 'N Ar (0] N

l\l/le 65 °it,02|1 h A §

1 2 (1 equiv.) 3

Yield (%)
Entry Ar R NH4OAc (equiv.) 3 4 344
1 Ph H a 5 43 46 89
2 Ph H a 15 79 0 79
3lallb] 4-MeOCgH,4 H c 5 95 0 95
4 2-MeOCgH4 H d 5 94 0 94
5 3-MeOCgHy4 H e 5 74 0 74
6 3-MeOCgH, H e 10 97 0 97
7 4-MeCgH, H f 5 88 0 88
8 4-ClICgH,4 H g 5 84 0 84
9 4-CICgH4 H 9 10 96 0 96
10 4-NO,CgHy4 H b 5 42 15 57
11 4-NO,CgH4 H b 15 93 2 95
12 4-Pyridyl H h 15 66 33 99
13 3-Pyridyl H i 15 97 0 97
14 2-Pyridyl H J 15 80 12 92
15 2-Furyl H k 5 87 0 87
16 2-Thienyl H I 10 85 0 85
17 2-Pyrrolyl H m 10 87 0 87
18 Ph Me n 15 31 0 31
19lalle] Ph Me n 15 98 0 98
20 Ph Pr o 15 34 0 34
21lallc] Ph Pr o 15 97 0 97

[a] Microwave heating was applied. [b] For 6 h. [c] at 80 °C for 2 h.
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3. Conclusions

In summary, the author has successfully developed a highly efficient and general
methodology for synthesis of 2-aryl-5-nitropyridines 3 in good to excellent yields using
three component ring transformation (TCRT) reaction of the dinitropyridone 1 with the
aromatic ketones 2 in the presence of NH4OAc. In this reaction, the bicyclic product 4
was isolated and the ratio of the nitropyridine 3 and the bicyclic product 4 was found to
be affected by the amount of NH4sOAc. Furthermore, the bicyclic product 4 was converted
to the nitropyridine 3 via the dinitropyridone 1 under equilibrium.

From environmental and economic points of view, the present TCRT has great
advantages. This method requires only simple manipulations, mild conditions during both
the reaction and work-up. Especially, solid NHsOAc is an easily treatable nitrogen source
than gaseous ammonia, and unreacted NH4OAc is easily removed from the reaction
mixture by thermal decomposition even when an excess amount of NH4sOAc is used.
Furthermore, this method is transition metal free, which enables to omit a purification
step for removal of the poisonous transition metal contamination.

This method also facilitates to modify the 2- and 3-positions of the nitropyridines 3 by
only changing the ketones 2, which affords nitropyridines having either an electron-rich
or an electron-poor (het)aryl group on demand. Hence, the present ring transformation
provides a new methodology for the synthesis of various kinds of (het)arylated

nitropyridines, which are not easily prepared by alternative methods.

4. Experimental section and characterization of compounds

4.1  Experimental section

General

The melting points were determined on a Yanaco micro-melting-points apparatus, and
were uncorrected. The dinitropyridone 1 was synthesized according to literature
procedures.’® 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

TMS as an internal standard. The *C NMR spectra were measured on a Bruker Ascend-
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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 the high resolution mass spectra were measured on a JEOL JMS-
DX303HF.

Crystal Structure Determination

X-ray diffraction data were collected on a Rigaku AFC7R diffractometer with graphite
monochromatized Mo-Ka radiation. Unit cell parameters were determined by least-
squares refinement of 22 automatically centered reflections. The data were corrected for
Lorentz and polarization effects. Direct methods (SIR-2008) were used to determine the
structure.B% Al calculations were performed using the CrystalStructurel!
crystallographic software package except for refinement, which was performed using
SHELXL-971%. Non-hydrogen atoms were refined with anisotropic displacement
parameters. Hydrogen atoms were placed in their idealized positions and refined as rigid
atoms with the relative isotropic displacement parameters. Crystallographic data for the
structure reported in this paper have been deposited with the Cambridge Crystallographic
Data Center as supplementary publication no.CCDC-976536. Copies of the data can be
obtained free of charge on application to CCDC, 12 UnionRoad, Cambridge CB2 1EZ,

UK (e-mail: deposit@ccdc.cam.ac.uk).

General procedure of TCRT

To asolution of the nitropyridone 1 (50 mg, 0.25 mmol) in ethanol (5 mL), were added
acetophenone (2a) (29 pL, 0.25 mmol) and NH4OAc (96.3 mg, 1.25 mmol), and then the
resultant mixture was heated at 65 ‘C for 24 h. After removal of the solvent, the residue
was washed with benzene (3 x 10 mL) to remove unreacted ketone 2a, which affords a
mixture of the nitropyridine 3a and the bicyclic product 4a. The mixture was extracted
with chloroform (3 x 10 mL) to give almost pure nitropyridine 3a (21.5 mg, 0.12 mmol,
43%) from the organic layer, the bicyclic product 4a was obtained as a residue (34.2 mg,

0.12 mmol, 46%). It is noted that all NHsOAc were consumed or competitively
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decomposed during reaction. The TCRT reaction of the dinitropyridone 1 with other

ketones was performed in a similar way.

Conversion of the bicyclic product 4a to the nitropyridine 3a and the dinitropyridone 1

To a solution of the bicyclic product 4a (30 mg, 0.09 mmol) in ethanol (5 mL), was
added NH4OAc (289 mg, 3.75 mmol), and the mixture was heated at 65 "C for 24 h. After
removal of solvent, the residue was extracted with chloroform (10 mL x 3) to give a
mixture of the nitropyridine 3a (15 mg, 0.075 mmol, 84%) and the dinitropyridone 1 (2.8
mg, 0.014 mmol, 16%).

4.2  Characterization of compounds

2,8-Diaza-2-methyl-4,6-dinitro-7-oxo-1-phenyl-bicyclo[3.3.1]nona-3-ene (4a)

Yellow powder; mp 227-228 °C (dec.). *H NMR (DMSO-ds, 400 MHz) § 2.23-2.46
(M, 2Hendo+2Hexo), 2.89 (S, 3Hendo+3Hexo), 2.86 (S, 3Hendo+3Hexo), 3.96-4.18 (m,
1Hendo+1Hexo), 5.30 (S, 1Hendo), 6.01 (d, J = 5.2 Hz, 1Hexo), 7.43-7.51 (M, 5Hendo*+5Hexo),
8.47 (S, 1Hendo), 8.55 (S, 1Hexo), 9.91 (S, 1Hendo+1Hexo); *C NMR (DMSO-ds, 100 MHz)
exo-isomer: ¢ 31.9 (CH), 35.0 (CHy), 38.9 (CH3), 72.2 (C), 87.2 (CH), 120.0 (C), 125.9
(CH), 128.9 (CH), 129.0 (CH), 147.6 (CH), 163.4 (C) (one signal was not observed due
to overlapping); endo-isomer: § 31.0 (CH), 32.5 (CH>), 38.2 (CH3), 71.8 (C), 84.4 (CH),
119.1 (C), 125.8 (CH), 128.8 (CH), 129.0 (CH), 146.6 (CH), 161.5 (C) (one signal was
not observed due to overlapping); MS (EI) m/z 318 (M, 3), 216 (100), 199 (42), 115 (46),
104 (49), 77 (54); IR (KBr, cm™): 1357, 1558, 1608, 1702, 3459; HRMS (EI, magnetic
field) Calcd for C14H14N4Os: 318.0964. Found: 318.0965.

2,8-Diaza-2-methyl-4,6-dinitro-1-(4-nitrophenyl)-7-oxo-bicyclo[3.3.1]nona-3-ene (4b)

Yellow powder (14 mg, 0.38 mmol, Yield 15%); mp 185-187 “C (dec.). *H NMR
(DMSO'dG, 400 MHZ) 5 223'244 (m, 2Hend0+2Hexo), 290 (S, 3Hendo+3Hexo), 402'422
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(m, 1Hendo+1Hexo), 5.35 (S, 1Hendo), 6.02 (d, J = 4.8 Hz, 1Hexo0), 7.75 (d, J = 8.8 HZ, 1Hendo),
7.76 (d, J = 8.8 Hz, 1Hex0), 8.34 (d, J=8.8 Hz, 1Hendo), 8.35 (d, J= 8.8 Hz, 1Hexo), 8.47 (s,
1Hendo), 8.56 (S, 1Hexo), 10.1-10.2 (br, 1Hendo+1Hexo); *C NMR (DMSO-ds, 100 MHz)
exo-isomer ¢ 31.8 (CH), 32.3 (CH), 34.7 (CHs), 72.1 (C), 87.1 (CH), 120.0 (2C), 125.9
(CH), 128.9 (CH), 129.0 (CH), 147.6 (CH), 163.4 (C); endo-isomer ¢ 31.0 (CH), 32.5
(CHy), 38.2 (CH3), 71.8 (C), 84.2 (CH), 119.6 (2C), 124.0 (CH), 127.8 (CH), 146.5 (CH),
147.7 (C), 161.5 (C); MS (EI) m/z 261 (100), 199 (67), 164 (55), 149 (50), 102 (57); IR
(KBr, cm™) 1349, 1558, 1616, 1693, 3444; HRMS (EIl, magnetic field) Calcd for
C14H13Ns07: 363.0815. Found: 363.0813.

2,8-Diaza-2-methyl-4,6-dinitro-7-oxo-1-(4-pyridyl)bicyclo[3.3.1]nona-3-ene (4h)

Yellow powder (26 mg, 0.083 mmol, Yield 33%); mp 232-233 °C (dec.). *H NMR
(DMSO-ds, 400 MHz) ¢ 2.23-2.44 (M, 2Hendo+2Hexo), 2.90 (S, 3Hendo+3Hexo), 4.02-4.24
(M, 1Hendo+1Hexo), 5.34 (S, 1Hendo), 6.01 (d, J = 5.2 Hz, 1Hexo), 7.46 (dd, J = 1.6, 6.4 Hz,
2Hendo), 7.51 (dd, J = 1.6, 6.4 Hz, 2Hexo), 8.48 (S, 1Hendo), 8.56 (S, 1Hexo), 8.71-8.74 (m,
2Hendo+2Hex0), 9.93-10.11 (br, 1Hendo+1Hexo); *C NMR (DMSO-ds, 100 MHz) exo-
isomer 6 31.7 (CH), 34.4 (CH2), 37.9 (CHs), 71.1 (C), 87.1 (CH), 120.4 (C), 121.0 (CH),
146.5 (C), 147.4 (CH), 150.5 (CH), 163.5 (C); endo-isomer: 6 30.9 (CH), 32.0 (CHy),
37.2 (CHs), 71.3 (C), 84.3 (CH), 119.5 (C), 120.9 (CH), 145.9 (C), 147.4 (CH), 150.4
(CH), 161.5 (C); IR (KBr, cm™) 1280, 1558, 1612, 1700, 3457; HRMS (El, magnetic
field) Calcd for C13H13NsOs: 319.0917. Found: 319.0915.

2,8-Diaza-2-methyl-4,6-dinitro-7-oxo-1-(2-pyridyl)bicyclo[3.3.1]nona-3-ene (4j)

Yellow powder (10 mg, 0.03 mmol, Yield 12%); mp 228-230 ‘C (dec.). *H NMR
(DMSO-dg, 400 MHZz) 6 2.24-2.40 (M, 2Hendo+2Hex0), 2.85 (S, 3Hendo), 2.86(S, 3Hexo),
4.02-4.04 (M, 1Hendo+1Hexo), 4.22-4.25 (M, LHendo*+1Hexo), 5.33 (S, 1Hendo), 6.01 (d, J =
5.2 Hz, 1Hexo), 7.51-7.53 (M, 1Hendo*1Hexo), 7.64-7.72 (M, 1Hendo+1Hexo), 7.98-8.04 (m,
1Hendo+1Hexo), 8.48 (S, 1Hendo), 8.56 (S, 1Hexo), 8.68-8.87 (M, HendotHexo), 9.67-9.82 (b,
1Hendo+1Hexo); 3C NMR (DMSO-ds, 100 MHz) exo-isomer ¢ 30.9 (CH), 33.0 (CH.), 38.4
(CHs), 72.3 (C), 87.3 (CH), 120.3 (C), 121.4 (CH), 124.4 (CH), 138.1 (CH), 147.2 (CH),
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149.1 (C), 149.4 (CH), 163.5 (C); endo-isomer ¢ 30.6 (CH), 31.7 (CH>), 38.1 (CH3), 72.0
(C), 84.4 (CH), 121.3 (C), 121.4 (CH), 124.4 (CH), 137.9 (CH), 146.3 (CH), 149.0 (C),
149.3 (CH), 1615 (C); IR (KBr, cm™) 1307, 1580, 1612, 1675, 3465; HRMS (El,
magnetic field) Calcd for C13H13NsOs: 319.0917. Found: 319.09109.

2-Phenyl-3-propyl-5-nitropyridine (30)

Yellow powder (58 mg, 0.24 mmol, Yield 97%); mp 90-92 ‘C. *H NMR (CDCls, 400
MHz) & 0.87 (t, J = 7.2, 14.4 Hz, 3H), 1.65 (tq, J = 7.6, 15.6 Hz , 2H), 2.75 (t, J = 7.6,
15.6 Hz, 2H), 7.48-7.51 (m, 5H), 8.40 (d, J = 2.6 Hz, 1H), 9.32 (d, J = 2.6 Hz, 1H); 13C
NMR (CDCl3, 100 MHz) ¢ 13.75 (CHa), 23.67 (CH>), 34.33 (CH>), 128.46 (CH), 128.70
(CH), 129.10 (CH), 131.93 (CH), 136.77 (CH), 138.88 (C), 141.90 (C), 143.11 (C),
164.44 (CH); IR (KBr, cm™) 1346, 1571, HRMS (El, magnetic field) Calcd for
C14H14N202: 242.1055. Found: 242.1052.
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Chapter 3. Synthesis of Nitrated Cycloalka[b]pyridines

In this chapter, nitrated cycloalka[b]pyridines were prepared by three component ring
transformation (TCRT) of dinitropyridone with cycloalkanones and NH4+OAc in high
yields. Furthermore, the modifications of the condensed ring such as the size and the

introduction of a double bond by only changing the cycloalkanone will also be discussed.

1. Introduction

Nitro compounds consist an important class of organic compounds that are widely
used in organic syntheses because of the diverse reactivities. Among them, nitrated
cycloalkal[b]pyridines have attracted much attention of many researchers because of their
unique reaction properties. These compounds have been reported as useful intermediate
metacyclophanes,! pharmacophores® and biologically active compounds.® Thus, an
efficient synthetic method for cycloalka[b]pyridines should also be received much
attentions.

The reaction of dinitropyridone 1 with aromatic ketones in the presence of NHsOAc
furnished the nitropyridines in good to excellent yields (as discussed in chapter 2).5 The
present TCRT has a great advantage with regard to the treatability of solid NH4sOAc
compared with gaseous ammonia, and extra NH4OAc is easily removed from the reaction
mixture by thermal decomposition. The successful results prompted the author to extend
the scope of this method to a series of cyclic ketones 2, which promisingly affords nitrated

cycloalka[b]pyridines 3 which are not easily prepared by other methods.
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Scheme 1. Synthetic applications of nitrated cycloalka[b]pyridines

2. Study on the TCRT of dinitropyridone with cyclic ketones and NH4OAc
affording nitrated cycloalka[b]pyridines.

2.1  The optimization of reaction conditions

When the dinitropyridone 1 was reacted with cyclohexanone 2a in the presence of 5
equiv. of NH4OAc at 65 °C for 24 h, the nitrated cyclohexa[b]pyridine 3a* was obtained
in a moderate yield, which was due to a shortage of the nitrogen source caused by
competitive thermal decomposition of NH4sOAc (Table 1, entry 1).°> This problem was
easily solved by increasing the amount of NH4OAc and the yield of 3a was increased up
to 95% (Entries 2 and 3). When microwave heating was used, nitropyridine 3a was

afforded efficiently within one hour (entry 4).
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Table 1. Synthesis of cyclohexa[b]pyridines 3 by TCRT

T QL e O

+ _— =

9] 'Tl e EtOH N
Me

N
65°C
1 2a (1 equiv.) 3a
Entry NH4OAc (equiv.) Time (h) Yield (%)
1 5 24 56
2 10 24 88
3 15 24 95
48l 15 1 97

[a]: Microwave was used

2.2  The application of TCRT to other cyclic ketones

This TCRT was then applied to other cyclic ketones 2b-g under the optimized
conditions for 2a (Table 2). Cyclopentanone 2b was less reactive then 2a, thus affording
cyclopentanone 3b 7 in only 67% yield (entry 1). In such a case, microwave heating was
particularly effective, and the reaction reached completion within a short time under
microwave heating (entry 2). In contrast, larger cycloalkanones 2c and 2d underwent the
TCRT efficiently to afford the corresponding cyclohepta- and cyclooctapyridines 3c® and
3d,® respectively in higher yields (entries 3-6). When unsymmetrical 2-
methylcyclohexanone 2e was employed, 8-methylated tetrahydroquinoline 3e was
obtained efficiently (entries 7 and 8). The reaction conditions were also applied to
unsaturated cyclic ketone 2f, thus affording 7,8-dihydroquinoline 3f, although microwave
heating was again necessary for efficient TCRT (entries 9 and 10). In contrast,
cyclopentanone 2g did not undergo TCRT despite the application of microwave heating
(entry 11).
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Table 2. Application of this TCRT to other cyclicketones

NH,OAc

ON__~ | N02+ (15 equiv.) A~ NO2
g}o ” N |
07N n EtOH n N
Me 65 °C
1 2 (1 equiv.) 3
Entry n Ketone Time (h) Product Yield (%)
NO,
=
1 1 b & 24 | 67
(@] ~
2l 2 N 87
3 @ 24 o NO2 94
3 c |
NS
408l © 1 N 91
NO,
=
5 4 d Q 24 | 85
N\
plel © 1 N 95

106! 3 N 89
A~ _NO;
11 1 g 4 | 0
NS
O N

[a]: microwave heating was used

2.3 A plausible mechanism

A plausible mechanism for this ring transformation is illustrated in Scheme 2. After
addition of the enol form of 2a at the 4-position of 1, the adduct 4a is transformed to the
enanine 5a by the reaction with ammonium ion. The intramolecular attack of the amino
group at the 6-position forms the tricyclic intermediate 6a, from which nitroacetamide is

eliminated to afford the nitropyridine 3a via aromatization of the intermediate 7a.
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Although another reaction path via the enamine 8a can be considered, the same product

3a is formed.
HO)
NH
H\{B/ H,N
2a ~ O,N NO,
O5N NS NO, O,N NO, |
[ o o
I o I Me
Me Me
1 4a 5a
NO, ~
NO, Me. NO,
N NO,
H X
NN | g N
H Me ’}‘
H
6a 7a 3a
HoN
OoN NO,
>, 3a
—>
l?l (@]
Me
8a

Scheme 2. A plausible mechanism for the formation of the condensed nitropyridine 3a

In the case of unsymmetrical 2-methylcyclohexanone (2e), two kinds of intermediate,
6e and 6e’ are possible (Scheme 3); however, the latter intermediate cannot afford the
aromatized product. Therefore, only 3e is formed via intermediate 6e. In the reaction
using cyclopentanone 2b and cyclohexenone 2f, the loss of the flexibility of 5b and 5f
make the formation of tricyclic intermediates 6b and 6f are difficult (Figure 1). In contrast,
cyclopentenone 2g did not afford the ring transformed product 3g because in this case,

the formation of a sterically restricted intermediate is necessary.
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Scheme 3. Two plausible intermediates derived from 1-mehtylcyclohexanone 2e
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Figure 1. The intermediate 5b and 5e
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3. Conclusions

In summary, the nitrated cycloalka[b]pyridines 3 were efficiently synthesized by
TCRT of the dinitropyridone 1 with cyclic ketones 2 in the presence of NH4OAc. Since
the method requires only simple manipulations and mild conditions, it will be a new

protocol for the synthesis of [b]-fused pyridine frameworks.

4. Experimental section and characterization of compounds

4.1  Experiment section

The melting points were determined on a Yanaco micro-melting-points apparatus, and
were uncorrected. The *H NMR spectra were measured on a Bruker Ascend-400 at 400
MHz with TMS as an internal standard. The 3C NMR spectra were measured on a Bruker
Ascend-400 at 100 MHz, and assignment was performed by DEPT experiments. The IR
spectra were recorded on a JASCO FT/IR-4200 spectrometer. The high resolution mass
spectrum was measured on a JEOL JMS-DX303HF. Microwave heating was performed
using Anton-Paar Microwave 300. All the reagents and solvents were commercially

available and were used as received.

General procedure of TCRT

To a solution of the dinitropyridone 1 (50 mg, 0.25 mmol) in ethanol (5 mL),
cyclohexanone 2a (26 pL, 0.25 mmol) and NH4OAc (289 mg, 3.75 mmol) were added,
and the resultant mixture was heated at 65 “C on the oil bath for 24 h. After removal of
the solvent, the residue was washed with benzene (3 x 10 mL) to afford 5,6,7,8-
tetrahydro-3-nitroquinoline (3a) (42 mg, 0.24 mmol, 95%) as a yellow powder. The
reactions of the dinitropyridone 1 with other ketones 2b-g were performed in a similar
way. When the reaction was conducted using microwave heating, the experiment was

conducted in a similar way.
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4.2  Characterization of compounds

7,8-Dihydro-3-nitroquinoline 3f.

Yellow powder (40 mg, 89%); mp 57-59 'C. *H NMR (CDClIs) ¢ = 2.49 (ddt, J = 2.8,
4.0.8.4 Hz, 2H), 2.99 (t, J = 8.4 Hz, 2H), 6.57 (dt, J = 4.0, 8.0 Hz, 1H), 6.74 (ddt, J = 0.8,
2.8, 8.0 Hz, 1H), 8.16 (dd, J = 0.8, 2.8 Hz, 1H), 9.19 (d, J = 2.8 Hz, 1H). °C NMR
(CDCl3) 6 = 22.6 (CH2), 26.5 (CH>), 128.9 (CH), 129.3 (CH), 131.3 (C), 139.1 (CH),
141.1 (C), 143.3 (CH), 158.8 (C). IR (KBr, cm™) 1261, 1577, 1509. HRMS (EI, magnetic
field) Calcd for CoHsN20O2: 176.0586. Found: 176.0586.
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Chapter 4. Synthesis of 2-Alkenyl/Alkynyl 5-Nitropyridines

In this chapter, a metal-free, facile, and efficient protocol for synthesizing a series of
2-alkenyl/alkynyl-5-nitropyridines 3 was developed by using a three-component ring
transformation of dinitropyridone 1 with a,B-unsaturated ketones 2 and NH4sOAc. As 2-
alkenyl/alkynyl-5-nitropyridines 3 are not easily prepared by Heck or Sonogashira

reactions, this method will be a supplementary to these reactions.

)\/g NH4OAC f ~ e
N |

EtOH R' N

1. Introduction

Among of nitroaromatic compounds, 2-alkenyl-5-nitropyridines'® and 2-alkynyl-5-
nitropyridines* are widely employed as precursors for pharmaceuticals and biologically
active compounds. In addition, alkynylnitropyridines are often found in nonlinear optical

materials® and organic semiconductors.®

| X N02 = | NOZ
NS
XN NN
Cl
Regulors of Vasolin Containing Protein (VCP) Antimicribial activity

Scheme 1. Synthetic application of 2-alkenyl-5-nitropyridines

Although the Heck,” Suzuki,® Stille,*® and Sonogashiral®!! reactions are used as

common protocols for alkenylation/alkynylation, poisonous and expensive transition
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metals should be used and a purification step to avoid metal contamination of the products
is necessary. In addition, the substrates for these reactions, 2-halo-5-nitropyridines, are
commonly prepared by halogenation of 5-nitro-2-pyridone.t?  2-Alkenyl-5-
nitropyridines are also available by condensation reactions using 5-nitropyridine-2-
carbaldehydes®® or 2-methyl-5-nitropyridines.'* However, somewhat troublesome multi-
step reactions are necessary for preparation of these starting materials. Therefore, the
development of a metal-free, facile, and efficient economical methodology for the
synthesis of alkenyl/alkynylpyridines is still challenging.

In the author’s course of study on the TCRT of dinitropyridone, the scope of substrates
was extended to a series of a,-unsaturated ketones 2, which facilitaes the introduction of
an alkenyl or an alkynyl group into the nitropyridine framework without using any

transition metal.

2. Study on the TCRT of dinitropyridone and a,p-unsaturated ketones and

ammonium acetate affording 2-alkenyl/alkynyl 5-nitropyridines

2.1  The optimization of reaction conditions

Dinitropyridone 1 was heated with 4-phenyl-3-buten-2-one (2a) at 65 "C for 24 h in
the presence of 15 equivalents of NHsOAc. After removal of the solvent, the residue was
washed with benzene (3 x 10 mL) to remove unreacted ketone 2a, and was treated with
column chromatography on silica gel (eluent: hexane/ethyl acetate = 95/5) to afford 5-
nitro-2-(2-phenylethenyl)pyridine (3a)” in 21% yield (Table 1, entry 1). In this TCRT,
the competitive thermal decomposition of NH4sOAc proceeds, and gaseous ammonia
escapes from the reaction mixture, which depletes the nitrogen source. Thus, when all
NH4OACc is consumed by TCRT or thermal decomposition, the reaction cannot proceed
further. Indeed, the low yield of nitropyridine 3a was improved by increasing the amount
of NH4OAc, which substantially prolonged the reaction time (Table 1, entries 2 and 3).
In addition, microwave heating was found to be more effective than conventional heating

to increase the yield of 3a within shorter reaction time (entry 4).
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Table 1. TCRT of dinitropyridone 1 with 4-phenyl-3-buten-2-one (2a) and NHsOAc

EtOH Ph X \N

65 °C
1 2a (1 equiv.) 3a

ON_~_NO, A/g NH,OAc _~_NO,
IT P Y —— |
o

Me

Entry NH4OAc (equiv.) Time (h) Temp. (°C) Yield (%) Recovery of 1 (%)

1 15 24 65 21 68

2 20 24 65 54 32

3 30 24 65 72 0
4l 15 4 80 82 trace

[a] Microwave heating was used.

2.2 A plausible mechanism

This TCRT is considered to proceed as illustrated in Scheme 2. The enol form of 2a
attacks the 4-position of dinitropyridone 1 to afford the adduct intermediate 4a, which is
then converted to enamine 5a by reaction with ammonium ion.*®*® The amino group of
5a intramolecularly attacks the 6-position, leading to bicyclic product 5a. After a ring
opening reaction of 6a, the elimination of nitroacetamide accompanied by aromatization

of intermediate 7a affords alkenylated pyridine 3a.
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2 fﬁ/ 2 — O2N NO, N O2N NO, .
—_— ‘ _ IE —_—
o ’T‘ O“2 N 6

Me o N '
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R : PhCH=CH

Scheme 2. A plausible mechanism for the formation of 2-ethenyl-5-nitropyridine 3a

2.3 The application of TCRT to other vinyl ketones

The application of this TCRT to other vinyl ketones 2b-f was also studied. Substituted
styryl ketones 2b and 2c underwent TCRT to afford the corresponding alkenylated
pyridines 3b and 3c, respectively (Table 2). Among styryl ketones 2a-c, methoxy
substituted ketone 2b revealed higher reactivity because electron-rich ketone 2b can
easily approach electron-poor dinitropyridone 1. When aliphatic ketone 2d was employed,
the reaction mixture was complex and alkenylpyridine 3d was not detected (entries 5 and
6). The reaction of mesityl oxide 2e also afforded a complex mixture, from which
alkenylpyridine 3e was isolated in low yield (entry 7). Although microwave heating was
somewhat effective for increasing the yield of 3e, the yield was still low because of side
reactions and the instability of product 3e (entry 8). These problems were solved by
employing more bulky alkyl group to afford alkenylpyridine 3f in high yield (entries 9
and 10).
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Table 2. Synthesis of 2-alkenyl-5-nitropyridines 3

0N~ NO; R NH,OAc R o~ N0
‘ + R1 S o > ‘

07 "N EtOH R "N
I\:Ie 2 (1 equiv.) 65°C 3
Entry R’ R? NH,4OAc (equiv.) Time (h) Tem. (°C) Yield (%)

1 p-MeOCgH,4 H b 30 24 65 94
2ol p-MeOCgH,4 H b 15 3 80 76
3 p-CICgHy4 H c 30 24 65 63
4l p-CICgH4 H c 30 4 80 75
5 H H d 30 24 65 0
plal H H d 30 2 80 0
7 Me Me e 30 24 65 18
glal Me Me e 15 2 80 25
9 2,6,6-trimethylcyclohexenyl H f 30 24 65 68
10 2 6,6-trimethylcyclohexenyl H f 30 6 80 79

[a]: Microwave heating was used.

2.4  Synthesis of 2-alkynyl-5-nitropyridines

This TCRT also facilitated alkynylation of the nitropyridine framework by using
alkynyl ketones as a substrate. Both aromatic and aliphatic alkynyl ketones 8a and 8b
underwent TCRT to afford 9a'!’ and 9b, in good yields, respectively (Table 3, entries
1-4). Next, the ring transformation using trimethylsilylethynyl ketones 8c was also
possible to yield 9¢,'! which is regarded as an equivalent of the unsubstituted ethynyl
group 9d (R = H). 1" As a results, desilylation also proceeded under the employed reaction
conditions to afford a mixture of 9¢c and 9d with high total yield (entries 5 and 6).
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Table 3. Synthesis of 2-alkynyl-5-nitropyridines 9

0N~ NO, NH40Ac _~_NO2
IT i z 0 .
1e) N EtOH N

. R Z

Me 65 °C R

1 8 (1 equiv.) 9

Entry R NH4OACc (equiv.) Time (h) Temp. (°C)  Yield (%)

1 Ph a 20 24 65 83
ola] Ph a 15 3 80 87
3 Et b 20 24 65 52
48l Et b 15 3 80 80
5 Me;Si c 20 24 65 ND
6l Me;Si c 15 4 80 42

[a]: Microwave heating was used.

3. Conclusions

In summary, a novel method for the synthesis of alkenylated/alkynylated
nitropyridines 3 and 9 was developed through the TCRT of dinitropyridone 1 with
unsaturated ketones 2 and NH4OAc. This method requires only simple manipulations
during both the reaction and work-up. Moreover, this method is metal-free, which enables
the omission of a purification step for removing poisonous transition metal contamination
and reduces the cost of preparation. Hence, this TCRT is considered supplementary to

other methods, including the Heck and Sonogashira reactions.
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4. Experimental section and characterization of compounds

4.1  Experimental section

The melting points were determined on a Yanaco micro-melting-points apparatus, and
were uncorrected. The *H NMR spectra were measured on a Bruker Ascend-400 at 400
MHz with TMS as an internal standard. The 3C NMR spectra were measured on a Bruker
Ascend-400 at 100 MHz, and assignment was performed by DEPT experiments. The IR
spectra were recorded on a JASCO FT/IR-4200 spectrometer. The high resolution mass
spectrum was measured on a JEOL JMS-DX303HF. All the reagents and solvents were

commercially available and were used as received.

General procedure of TCRT:

To a solution of the dinitropyridone 1 (50 mg, 0.25 mmol) in ethanol (10 mL), 4-
phenyl-3-buten-2-one (2a) (36.5 mg, 0.25 mmol) and NH4OAc (578 mg, 7.5 mmol) were
added, and the resultant mixture was heated at 65 "C for 24 h. After removal of the solvent,
the residue was washed with benzene (3 x 10 mL) to remove unreacted ketone 2a and
treated with column chromatography on silica gel (eluent: hexane/ethyl acetate = 95/5) to
afford 5-nitro-2-(2-phenylethenyl)pyridine (3a) (41 mg, 0.18 mmol, 72%) as a yellow
powder. The reactions of the dinitropyridone 1 with other ketones 2b-f or 8a-c were

performed in a similar way.

4.2  Characterization of compounds

2-(2-Phenylethenyl)-5-nitropyridine (3a)

Yellow powder (6.3 mg, 0.21 mmol, 82%). *H NMR (CDCls) § =7.21 (d, J = 16.0 Hz,
1H), 7.38-7.43 (m, 3H), 7.47 (d, J = 8.4 Hz, 1H), 7.62 (dd, J = 1.6, 8.4 Hz, 2H), 7.85 (d,
J =16.0 Hz, 1H), 8.43 (dd, J = 2.8, 8.4 Hz, 1H), 9.40 (d, J = 2.8 Hz, 1H); *C NMR
(CDCls) 6 = 121.6 (CH), 125.8 (CH), 127.8 (CH), 128.3 (CH), 128.9 (CH), 130.6 (CH),
135.6 (C), 138.1 (CH), 160.9 (C), 142.4 (C), 145.4 (CH), 138.9 (C).
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2-[2-(4-Methoxyphenyl)ethenyl]-5-nitropyridine (3b)

Yellow powder (60.8 mg, 0.24 mmol, 94%); mp 168-170 'C. *H NMR (CDCl3) § =
3.86 (s, 3H), 6.94 (d, J = 8.8 Hz, 2H), 7.10 (d, J = 16.0 Hz, 1H), 7.44 (d, J = 8.4 Hz, 1H),
7.57 (d, J = 8.8 Hz, 2H), 7.82 (d, J = 16.0 Hz, 1H), 8.40 (dd, J = 2.4, 8.4 Hz, 1H), 9.38
(d, J = 2.4 Hz, 1H); °C NMR (CDCls) 6 = 55.4 (CH3), 114.4 (CH), 121.2 (CH), 123.6
(CH), 128.5 (C), 129.3 (CH), 131.7 (CH), 137.8 (CH), 145.1 (C), 145.4 (CH), 160.9 (C),
161.4 (C). IR (KBr, cm™) 1343, 1508, 1569. HRMS (EI, magnetic field) Calcd for
C14H12N203: 256.0848. Found: 256.0844.

2-[2-(4-Chlorophenyl)ethenyl]-5-nitropyridine (3c):

Yellow powder (49 mg, 0.19 mmol, 75%); mp 169-171 °C. *H NMR (CDCls) 5 = 7.19
(d, J=16.0 Hz, 1H), 7.39 (d, J = 6.4 Hz, 2H), 7.48 (d, J = 8.4 Hz, 1H), 7.57 (d, J = 6.4
Hz, 2H), 7.84 (d, J = 16.0 Hz, 1H), 8.46 (dd, J = 2.4, 8.4 Hz, 1H) 9.41 (d, J = 2.4 Hz,
1H); 3C NMR (CDCls3) 6 = 121.8 (CH), 126.2 (CH), 128.9 (CH), 129.2 (CH), 131.8 (CH),
134.1 (C), 135.4 (C), 136.7 (CH), 142.5 (C), 145.5 (CH), 160.6 (C). IR (KBr, cm™) 1347,
1515.

2-(2-Methylpropen-1-yl)-5-nitropyridine (3e):

Because of the instability of the product 3e, we could not obtain pure 3e. *H NMR
(CDClz) 6 =1.13 (s, 6H), 5.03 (s, 1H), 7.34 (d, J = 8.4 Hz, 1H), 8.36 (dd, J = 2.8, 8.4 Hz,
1H), 9.33 (d, J = 2.8 Hz, 1H).

2-[2-(2,6,6-Trimethylcyclohexen-1-yl)ethenyl]-5-nitropyridine (3f):

Orange liquid (54 mg, 0.20 mmol, 79%). *H NMR (CDCls) 6 = 1.12 (s, 6H), 1.50-1.53
(m, 2H), 1.64-1.67 (m, 2H), 1.83 (s, 3H), 2.10 (t, J = 6.4 Hz, 2H), 6.58 (d, J = 16.0 Hz,
1H), 7.37 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 16.0 Hz, 1H), 8.38 (dd, J = 2.8, 8.4 Hz, 1H),
9.36 (d, J = 2.8 Hz, 1H); **C NMR (CDCls) 6 = 19.0 (CH2) 21.9 (CHs), 28.9 (CH3), 33.5
(CHy), 34.3 (C), 39.8 (CH>), 120.8 (CH), 129.8 (CH), 131.6 (CH), 134.3 (C), 137.0 (C),
138.0 (CH), 142.1 (C), 145.4 (CH), 161.6 (C). HRMS (ESI*, magnetic field) Calcd for
C16H21N203: 273.1597. Found: 273.1603.
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2-Phenylethynyl-5-nitropyridine (9a)%®

'H NMR (CDCls) 6 = 7.38-7.46 (m, 3H), 7.63 (dd, J = 1.6, 8.0 Hz, 2H), 7.68 (d, J =
8.8 Hz, 1H), 8.47 (dd, J = 2.4, 8.8 Hz, 1H), 9.43 (d, J = 2.4 Hz, 1H); °C NMR (CDCls)
o =87.7(C), 94.9 (C), 121.1 (C), 126.9 (CH), 128.6 (CH), 130.1 (CH), 131.3 (CH), 132.4
(CH), 142.6 (C), 145.5 (CH), 148.8 (C).

2-Butyn-1-yl--5-nitropyridine (9b):

Yellow power (35 mg, 0.20 mmol, 80%); mp = 87-89 °C *H NMR (CDCls) § = 1.29
(t, J = 7.6 Hz, 3H), 2.53 (q, J = 7.6 Hz, 2H), 7.51 (d, J = 8.8 Hz, 1H), 8.41 (dd, J = 2.8,
8.8 Hz, 1H), 9.30 (d, J = 2.8 Hz, 1H); C NMR (CDCl3) 6 = 13.1 (CHs), 13.3 (CHy),
79.1 (C), 98.1 (C), 126.7 (CH), 132.1 (CH), 142.4 (C), 145.3 (CH), 149.3 (C). IR (KBr,
cm™) 1353, 1516, 1590, 3038.

2-(2-Trimethylsilyl)ethynyl-5-nitropyridine (9¢)?*® (total 46.2 mg, 0.21 mmol, 84%): in
the reaction mixture, product 9¢c was obtained in only 24% because of the elimination of
-Si(CHs)s group, leading to the formation of 2-ethynyl-5-nitropyridine (9d) in 60 %. After
column chromatography, only compound 9d was obtained.

'H NMR (CDCls) 6 = 0.26 (s, 9H), 7.55 (d, J = 8.8 Hz, 1H), 8.38 (dd, J = 2.4, 8.8 Hz,
1H), 9.30 (d, J = 2.4 Hz, 1H).

2-Ethynyl-5-nitropyridine (9d)®

IH NMR (CDCls) 6 = 3.46 (s, 1H), 7.68 (d, J = 8.8 Hz, 1H), 8.47 (dd, J = 2.4, 8.8 Hz,
1H), 9.42 (d, J = 2.4 Hz, 1H); 3C NMR (CDCl3) § = 81.4 (C), 82.3 (CH), 127.5 (CH),
131.4 (CH), 131.7 (C), 145.4 (CH), 147.6 (C).
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Chapter 5. Synthesis of 3-Alkylated/Arylated 5-Nitropyridines

In this chapter, an alternative method for synthesis of 3-alkylated/arylated 5-
nitropyridines 3 was provided which includes the three component ring transformation
(TCRT) of dinitropyridone 1 with aldehydes 2 in the presence of NH4sOAc. This method
facilitates the modification of the substituent at the 3-position by only changing the
aldehyde. The use of solid NH4OAc as a nitrogen source instead of ammonia improves

this ring transformation as practically usable synthetic method.

O,N NO,
+ l - | P

o EtOH N

1. Introduction

3-Alkylated/arylated 5-nitropyridines are widely used as synthetic intermediates for
preparation of biologically active compounds such as cytokine inhibitors for treatment of
various diseases,! Wnt p-catein signalling pathway inhibitors,2 HIV integrase inhibitors,®
and dihydroorotate dehydrogenase (DHODH) inhibitors.*

Functional materials Whnt B-catein signaling pathway inhibitors
NO,
X
N NOQ |
| 7
— N
N

Synthetic precusor for pharmaceutical and agrochemical products

~NO2

P
N

Scheme 1. Synthetic application of 3-Alkylated/arylated 5-nitropyridines
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Despite their versatile and useful applications, versatile 3-alkylated/arylated 5-
nitropyridines, that are necessary for the screening, are not easily available because -
alkylation/arylation of the pyridine framework is particularly difficult. Thus, only a few
direct B-alkylation methods are known until now. One strategy is destroying the
aromaticity of the pyridine ring. Indeed, Giam et al. reported a direct alkylation method
of pyridine via the conversion to tetrakis(dihydropyridyl)aluminate with lithium
aluminum hydride.® Tsuge et al. also succeeded the benzylation via the double silylation
at the 1- and 4-positions.® With regard to direct phenylation, it has been realized by recent
considerable efforts although these methods still suffer from harsh conditions or low
regioselectivity.” So, 3-bromopyridine should be used as a substrate for alkylation using
organometallic reagents/catalysts.® Even though p-alkylation/arylation is successfully
achieved, the subsequent nitration also suffer from low reactivity of the pyridine
framework.

Meanwhile, the ring transformation has revealed high synthetic utility to obtain
nitrated compounds. Diels-Alder-type ring transformation has been widely used, among
which van der Plas et al. succeeded synthesis of 3-nitro-5-phenylpyridine using
nitropyrimidine and an enamine.® On the other hand, nucleophilic ring transformation
using 1-methyl-3,5-dinitro-2-pyridone (1) has also been employed since Ariga and his
co-workers reported at first time.1° Especially, TCRT of dinitropyridone 1 with ketones
4 in the presence of NH3 as a nitrogen source is an excellent method to synthesize 2-
substituted (or 2,3-disubstituted) 5-nitropyridines 5, which are practically used by many
researchers!! and pharmaceutical companies.> However, this method requires NHs
solution beforehand, and ammonolysis of pyridone 1 sometimes competitively occurs. In
order to solve these problems, the TCRT was conducted using easily treatable solid
NH4OACc as a nitrogen source instead of NHs, by which nitropyridines 5 (Scheme 1,
method a)*2 and nitroanilines!* were efficiently synthesized. With regard to TCRT of 1
with aldehydes 2 in the presence of NHs, only a few examples®® are known which is
presumably due to the side reactions caused by reactive aldehydes 2. It is considered that
3-substituted 5-nitropyridines 3 will be surely available by this protocol using NH4OACc;
the TCRT of dinitropyridone 1 with aldehyde 2 in the presence of NH4sOAc (Sheme 1,
method b).
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Scheme 2. TCRT of dinitropyridone

2. Study on the TCRT of dinitropyridone with aldehyde and NHsOAc
affording 3-alkyl/aryl-5-nitropyridines

2.1  The optimization of reaction conditions

Dinitropyridone 1 was allowed to react with butanal (2a) in the presence of 5 equiv.
of NH4OAc at 65 'C for 24 h in ethanol. After removal of the solvent, the residue was
extracted with benzene (10 ml x 3) to afford nitropyridine 3a'® in almost pure form,
however, the yield was only 26% (Table 1, entry 1). It is noticed that the competitive
thermal decomposition of NH4OAc also proceeded, and TCRT cannot proceed anymore
due to the lack of a nitrogen source when all amount of NH4OAc was consumed by TCRT
or thermal decomposition.'®* Thus, the use of larger amount of NH4OAc increased the
actual reaction time accompanying the increase of the yield of nitropyridine 3a (entries
2-3). In order to shorten the reaction time, microwave heating was used, which was
efficient for the TCRT of 1 with ketones 4. However, the yield of 3a became rather lower
because high reactivity of aldehyde 2a caused side reactions such as aldol and
Chichibabin®® reactions to give a complex reaction mixture (entry 4).
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Table 1. The TCRT of dinitropyridone 1 with butanal (2a) and NH4OAc

4

EtOH N
65°C, 24 h

1 2a 3a

Entry NH4OAc (equiv.) Yield (%) Recovery of 1 (%)

1 5 26 66

2 10 75 20

3 15 86 0
4lal 15 24 65

[a]: Microwave heating was used

2.2 A plausible mechanism

This TCRT is considered to proceed as illustrated in Scheme 2. The enol form of 4a
attack to the 4-position of 1 giving adduct 6a, which is converted to enamine 8a as a result
of the reaction with ammonium ion. The nucleophilic attack of the amino group to the 6-
position of enamine 8a giving nitropyridine 5a by the formation of bicyclic intermediate
9a, which undergoes the ring opening reaction and aromatization accompanied by the

elimination of good leaving group nitroacetamide via 10a.
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Scheme 3. A plausible mechanism

2.3 The TCRT of dinitropyridone with different kinds of aldehyde in the
presence of NHsOAc

To exame the scope of this method, the reaction of 1 with several kinds of aldehydes
2b-f were performed under the optimized conditions (Table 2). The TCRT using propanal
(2b) similarly proceeded to afford 3-methyl-5-nitropyridine (3b) in 52% yield although
it is diminished by the competitive self-condensation of 2b (entry 1). The self-
condensation could be avoided when bulkier aldehyde 2c was used, which resulted in 3-
isopropylpyridine (3¢)*°¢ up to 71% yield (entry 2). In the case of more sterically hindered
aldehydes 2d and 2e, the corresponding nitropyridines 3d*8 and 3e?° the efficiency of the

TCRT decreased (entries 3 and 4). This disadvantage was overcome by use of microwave
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heating and the yield of 3e increased up to 68% (entry 5). It was also possible to introduce

a phenyl group to the pyridine ring to give 3f° when phenylacetaldehyde 2f was employed

(entries 6 and 7).

Table 2. TCRT of 1 with other aldehydes 2 and NH4OAc

OoN NO
N~ 2 R NH4OAc R~ NO;
| + (15 equiv.) ’
o N ; =
I H (e} EtOH N
Me
65°C, 24 h
1 2 3
Entry R Yield (%) Recovery of 1 (%)
1 Me b 52 -
2 i-Pr c 71 16
3 Bn d 34 21
4 t-Bu e 29 63
5l t-Bu e 68 -
6 Ph f 47 44
71l Ph f 75 -

[a]: Microwave heating was used

Next, the conversion of the nitropyridine 3a to aminopyridine 11a was studied

because aminopyridines are widely used as synthetic intermediates for biologically

active compounds because the amino group facilitates further chemical conversion.?

5-Amino-3-ethyl-5-nitropyridine 11a2! was obtained in 82% yield upon treatment of

3a under hydrogen atmosphere at room temperature in the presence of Pd/C catalyst

(Scheme 4).
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3. Conclusions

In summary, we have successfully developed a facile and efficient method for
synthesis of 3-substituted 5-nitropyridines, which are not easily prepared by other
methods. This method requires only simple manipulations, single step reaction, and mild
conditions. Furthermore, the alkyl/aryl group at the 3-position can be easily modified by
only chaining aldehydes. These features improve the synthetic value of this method, and
it will be alternative approach to 3-substituted-5-pyridine frameworks.

4. Experimental section and characterization of compounds

4.1 Experimental section

General procedure of TCRT

To a solution of the dinitropyridone 1 (50 mg, 0.25 mmol) in ethanol (5 ml), were
added butanal (2a) (46 pl, 0.5 mmol) and NH4OAc (289 mg, 3.75 mmol), and then the
resultant mixture was heated at 65 "C for 24 h. After removal of the solvent, the residue
was extracted with benzene (10 ml x 3) to afford almost pure nitropyridine 3a (33.4 mg,
0.22 mmol, 86%) as yellow powder. The TCRT reactions of the dinitropyridone 1 with

other aldehydes 2b-f were performed in a similar way.
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4.2  Characterization of compounds

3-Enthyl-5-nitropyridine (5a)

Yellow powder. *H NMR (CDCls, 400 MHz) & 1.34 (t, J = 7.6 Hz, 3H), 2.82 (q, J =
7.6 Hz, 2H), 8.30 (dd, J = 2.0, 2.4 Hz, 1H), 8.76 (d, J = 2.0 Hz, 1H), 9.26 (d, J = 2.4 Hz,
1H); ¥*C NMR (CDCls, 100 MHz) 5 14.8 (CHs), 25.7(CH>), 129.9 (CH), 140.4 (C), 142.5
(CH), 144.2 (C), 154.8 (CH).

3-Methyl-5-nitropyridine (5b)

Yellow powder. *H NMR (CDCls, 400 MHz) § 2.50 (s, 3H), 8.29 (dd, J = 1.2, 2.4 Hz,
1H), 8.74 (d, J = 1.2 Hz, 1H), 9.26 (d, J = 2.4 Hz, 1H); 3C NMR (CDCls, 100 MHz) &
18.9 (CH3), 131.1 (CH), 134.4 (C), 142.4 (CH), 155.42 (CH), one C was not observed.

3-(1-Methylethyl)-5-nitropyridine (5c)

Yellow powder. *H NMR (CDCls, 400 MHz) & 1.34 (d, J = 6.8 Hz, 6H), 3.07-3.12 (m,
1H), 8.32 (dd, J = 2.0, 2.4 Hz, 1H), 8.78 (d, J = 2.0 Hz, 1H), 9.27 (d, J = 2.4 Hz, 1H); *C
NMR (CDCls, 100 MHz) & 23.7 (CHs), 31.6 (CH), 128.6 (CH), 142.6 (CH), 144.5 (C),
145.0 (C), 153.9 (CH);

3-Phenyl-5-nitropyridine (5d)

Yellow powder. *H NMR (CDCls, 400 MHz) § 7.50-7.57 (m, 3H), 7.64 (d, J = 7.6 Hz,
2H), 8.66 (dd, J = 2.0, 2.4 Hz, 1H), 9.13 (d, J = 2.0 Hz, 1H), 9.40 (d, J = 2.4 Hz, 1H);
13C NMR (CDClz, 100 MHz) & 127.3 (CH), 128.3 (C), 128.9 (CH), 129.4 (CH), 129.5
(CH), 135.2 (C), 143.3 (CH), 149.5 (C), 153.1 (CH).

3-(1,1-Dimethylethyl)-5-nitropyridine (5e)

Yellow powder, boiling point 248 — 250 °C. *H NMR (CDCls, 400 MHz) & 1.44 (s,
9H), 8.46 (dd, J = 2.4, 2.4 Hz, 1H), 8.97 (d, J = 2.4 Hz, 1H), 9.27 (d, J = 2.4 Hz, 1H); *C
NMR (CDCls, 100 MHz) & 30.8 (CHs), 34.1 (C), 127.8 (CH), 142.1 (CH), 144.2 (C),
147.5 (C), 152.8 (CH); IR (KBr, cm-1) 1353, 1532; HRMS. Calcd for CoH12N20::
180.0899. Found: 180.0899.
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2-Phenyl-5-nitropyridine (5f)

White solid. *H NMR (CDCls, 400 MHz) & 4.11 (s, 1H), 7.19 (d, J = 8.4 Hz, 2H), 7.29
(d, J=8.4Hz, 1H), 7.35 (d, J = 8.4 Hz, 2H), 8.24 (dd, J = 1.6, 2.4 Hz, 1H),8.79 (d, J =
1.6 Hz, 1H), 9.29 (d, J = 2.4 Hz, 1H); 3C NMR (CDCls, 100 MHz) § 38.6 (CH3), 127.2
(CH), 128.8 (CH), 129.1 (CH), 130.9 (CH), 137.9 (C), 142.9 (CH), 155.1 (CH), two C

could not be observed.

5-Enthyl-3-pyridineamine (11a)
Yellow powder. *H NMR (CDCls, 400 MHz) & 1.22 (t, J = 7.6 Hz, 3H), 2.53 (q, J =
7.6 Hz, 2H), 4.43 (s, 2H), 6.84 (s, 1H), 7.85 (s, 1H), 7.94 (s, 1H); (these protons should

appeare as dd, d, and d but actual signals appeared as singlet.

The conversion of 3-ethyl-5-nitropyridine (5a) to 5-amino-3-ethylpyridine (11a)

To a solution of nitropyridine 5a (70 mg, 0.46 mmol) in ethanol (5 ml), was added Pd/C
powder (5 wt% Pd, 50 mg), and the reaction was carried at room temperature for 40 h
under hydrogen atmosphere. After removal of Pd/C powder and solvent by filtration and
vacuum pressure, respectively, the residue was extracted with chloroform (10 ml x 3) to
give 5-amino-3-ethylpyridine (11a)?* (46 mg, 0.38 mmol, 82%) as yellow powder.
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Chapter 6. Synthesis of N,N,2,6-Tetrasubstituted Nitroanilines

This chapter deals with the ring transformation (TCRT) of dinitropyridone with
aliphatic ketones in the presence of NH4OAC as a nitrogen source, which afforded various
kinds of 2,6-disubstituted-4-nitroanilines. Not only the benzene ring but also the amino
group of the nitroalinine framework could be easily modified by only changing a ketone
and a nitrogen source, namely, N,N,2,6-tetrasubstituted 4-nitroanilines were synthesized
in good to excellent yields.

O,N NO, R! R! NO, R1 NO,
Z | NH,OAc | S
+ — + N
o= N 0 EtOH HoN
R2 R2 R2
1. Introduction

2,6-Disubstituted 4-nitroanilines are useful synthetic intermediates for functional
materials such as inhibitors of cholesterol acyl transferase,! n-conjugated polymers,? and
key intermediate for synthesis of antimicrobial activities compounds® and B-diketiminate
ligand.* Moreover, the push-pull electronic property is crucial for developing potential
organic nonlinear optical materials. Generally, 2,6-disubstituted 4-nitroanilines 8 are
prepared from the corresponding anilines by nitration under harsh conditions, in which
protection and deprotection of the amino group are necessary.® Furthermore, the
preparation of 2,6-disubstituted anilines is also restricted due to the limitations of Friedel-
Crafts alkylation;® 1) monoalkylated product undergoes further alkylation to afford
polyalkylated products, 2) it is difficult to introduce two different alkyl groups, 3) primary
alkyl groups longer than the ethyl group cannot be introduced, 4) a phenyl and a vinyl
groups cannot be introduced, and 5) aminated and nitrated benzenes do not facilitate the
alkylation. Therefore, the development of an efficient synthetic method for 2,6-

disubstituted 4-nitroanilines still remains a significant challenging.

70



Antifungal Agents Nonlinear Optical Properties

NO, NO,

Pd(ll)-a-Diimine Catalyst for Polymerization of Olefins

7N\

O,N NG N NO,
Pd
/Gl

Scheme 1. Synthetic applications of nitroaniline derivatives

As discussed in chapter, the TCRT of dinitropyridone 1 with aromatic ketones 2 in the
presence of NH4sOAc affording nitropyridines from good to excellent yields (Scheme 2).
This reaction is initiated by the nucleophilic attack of the enol form of 2 followed by
conversion to enamine 4. When the amino group of enamine 4 attacks the 6-position
(route a), 2-arylated 5-nitropyridines 3 are formed via bicyclic intermediates 5 (Scheme
2).” However, the B-carbon of enamine 4 cannot attack the 6-position (route b) because it
would form a sterically strained four membered ring.

On considering this reaction mechanism, it is predicted that another ring
transformation would occur when aliphatic ketones 6 having two a-hydrogens, viz. a-
and a‘-, are employed instead of aromatic ketones 2 (Scheme 3). In this ring
transformation, both the amino group and the -carbon can attack the 6-position in the
case of enamine 9, which leads to the formation of nitropyridines 7 (route c) or

nitroanilines 8 (route d).
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Scheme 2. TCRT of dinitropyridone 1 with aromatic ketones 2 in the presence of
NH4OAc, leading to the formation of 6-arylated nitropyridines 3.
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Scheme 3. TCRT of dinitropyridone 1 with aliphatic ketones 6 in the presence of
NH4OAc, affording disubstituted nitropyridines 7 and nitroalines 8.
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2. Study on TCRT of dinitropyridone with aliphatic ketones and NH4OAc

affording nitroaniline derivatives

2.1  The optimization of reaction conditions

When dinitropyridone 1 was allowed to react with 3-pentanone (6a) in the presence of
5 equiv. of NH4OAc in ethanol at 65 °C for 24 h, nitroaniline 8a’ was obtained in 50%
yield accompanied by 44% yield of nitropyridine 7a’ as a result of two kinds of TCRTs
(Table 1, entry 1). When 10 equiv. of NH4OAc were used, the ratio of 8a to 7a was
considerably increased without decreasing the total yield (entry 2), which indicates the
presence of equilibrium between intermediates 10 and 11, Kinetically and
thermodynamically controlled intermediates, respectively, which can interconvert via
enamine 9. In the present TCRT, competitive thermal decomposition NHsOAc also
proceeded to afford ammonia which went out from reaction mixture as a gas. When all
NH4OAc was consumed, the TCRT could not proceed anymore due to the lack of the
nitrogen source. Thus, increasing of the amount of NH4sOAc prolonged actual reaction
time, which resulted in the predominance of nitroaniline 8a. However, no more change
was observed even though larger amounts of NH4OAc were used (entry 3). It was also
found that heating for 24 h is necessary for the completion of the TCRT (entries 4-6).
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Table 1. Optimization of reaction conditions for the TCRT

NH4OAC NO - NO2
ﬁ .
~
EtOH  H,N N
65 °C

1 6a
Entry NH4OAc (equiv.) Time (h) Yield (%)

8a 7a
1 5 24 50 44
2 10 24 83 13
3 15 24 86 13
4 10 18 70 14
5 10 12 64 13
6 10 6 55 13

2.2 Synthesis of 2,6-disubstitued 4-nitroanilines

Application of this TCRT to other ketones 6b-i was studied under the conditions
optimizited for 6a (Table 2). When acetone (6b) was used as a substrate, two kinds of
TCRT proceeded similarly to afford nitroaniline 8b” in 51% and nitropyridine 7b” in 47%
yields, respectively (entry 2). It was possible to modify the 2- and 6- positions of the
nitroaniline framework by only changing the ketone 6 (entries 3-9). Notably, this TCRT
facilitates the introduction of a propyl or a phenyl group into the benzene ring, which
cannot be achived by Friedel-Crafts reaction. As a result, symmetrical and unsymmetrical
nitroanilines 8f-i’ were easily prepared although the yield of 8i was low which is
presumably becauce steric repulsion by phenyl groups prevent the formation of 11i
(entries 6-9).
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Table 2. Application of this TCRT to other aliphatic ketones

NH4OAC
Ij/ (10 equlv )
EtOH
65°C, 24 h
1 6 (1 equiv.)
1 2
R1 N02 R AN N02 R AN N02
+ + -
HoN N N
R2 R2 R1
8 7 7
Entry R R? Yield (%)
8 7 7
1 Me Me a 83 13 0
2 H H b 51 47 0
3 Et H c 66 10 8
4 i-Pr H d 58 0 31
5 Pr H e 83 9 6
6 Et Et f 67 24 0
7 Pr Pr g 74 22 0
8 CgHs Pr h 62 24 13
9 CgHs CeHs i 8 81 0

2.3 Synthesis of N,N,2,6-tetrasubstituted 4-nitroanilines

As mentioned above, two kinds of TCRTs competitively occurred to form 5-
nitropyridines 7 and 4-nitroanilines 8. In these reactions, NHsOAc serves as both a
nitrogen source and ketone 6 activator. We believe that a combination of amine 12 and

acetic acid, used instead of NH4OAc, can carry out these roles, thus achieving the
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modification of the benzene ring as well as the amino group of the nitroaniline framework.
In this case, only nitroanilines 13 will be formed as a TCRT product, because the
aromatization of the intermediate, which is required for the formation of nitropyridines,
is prevented by the N-substituents (R3 and R*).

Propylamine 12A was added to a solution of dinitropyridone 1, 3-pentanone (6a), and
acetic acid in ethanol, and the resulting solution was heated at 65 °C for 24 h. After the
usual work-up, 2,6-dimethyl-4-nitro-N-propylaniline (13Aa) was obtained in 99% yield
(Table 3, entry 1). This method was applied to the secondary amines, pyrrolidine 12B and
diethylamine 12C, to afford N,N,2,6-tetrasubstituted 4-nitroanilines 13Ba and 13Ca,
respectively, in excellent yields (entries 2 and 3). Methyl ketones 6b-d also underwent
this TCRT using a combination of either propylamine or pyrrolidine with acetic acid to
afford the corresponding nitroanilines 13 in moderate to excellent yields (entries 4-9).
Moreover, these reactions could induce modifications at the 2- and 6-positions using
ketones 6e-h, by which a propyl or a phenyl could be introduced to the nitroaniline

framework (entries 10-15).
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Table 3. TCRT of dinitropyridone 1 with aliphatic ketones 6 using the mixture of

amine 12 and acetic acid.

Moy NOz RS R3R4N(g ;iﬁ:?H R Ne2
= + % - R j@/
1) o EtOH N
NO, R2 24 h, 65°C R R2
1 6 13
Entry Ketone 6 Amine 12 Product Yield
R R2 R3 R* (%)

1 Me Me a Pr H 13Aa 99
2 Me Me a -(CHy)4- 13Ba 98
3 Me Me a Et Et 13Ca 98
4 Et H b Pr H 13Ab 83
5 Et H b -(CH3)4- 13Bb 68
6 Pr H c Pr H 13Ac 77
7 Pr H c -(CHy)4- 13Bc 87
8 Pr H c Et Et 13Cc 51
9 i-Pr H d Pr H 13Ad 83
10 Et Et e Pr H 13Ae 69
11 Et Et e -(CHy)4- 13Be 68
12 Pr Pr f Pr H 13Af 81
13 Pr Pr f -(CHy)4- 13Bf 59
14 CgHs Pr g Pr H 13Ag 80
15 CeHs CeHs h Pr H 13Ah 32
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3. Conclusions

In summary, we have developed a new preparative method for 2,6-disubstituted 4-
nitroanilines 8 and 13 by the TCRT of dinitropyridone 1 with aliphatic ketones 6 in the
presence of NH4OAc. In this reaction, a number of ketones 6 are usable as substrates,
which facilitate the modification of the nitroaniline framework. In addition, this TCRT
requires only simple experimental manipulations and mild reaction conditions, which is
advantageous from the viewpoint of practical use. These features facilitate the
construction of a library of compounds that are not easily available by other methods.
Furthermore, modification of the amino group was successfully achieved by using a
combination of amine 12 and acetic acid. Consequently, the tailor-made synthesis of

N,N,2,6-tetrasubstituted 4-nitroanilines 8 and 13 became possible on demand.

4. Experiment section and characterization of compounds

4.1  Experimental section

General information

The melting points were determined on a Yanaco micro-melting-points apparatus, and
were uncorrected. The dinitropyridone 1 was synthesized according to literature
procedures. 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
TMS 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 the high resolution mass spectra were measured on a JEOL JMS-
DX303HF.
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The reaction of dinitropyridone 1 with aliphatic ketones 6 in the presence of NH4sOAc:

To a solution of the dinitropyridone 1 (50 mg, 0.25 mmol) in ethanol (5 mL), were
added 3-pentanone 6a (26 pL, 0.25 mmol) and NH4sOAc (96.3 mg, 1.25 mmol), and then
the resultant mixture was heated at 65 °C for 24 h. After removal of the solvent, the
residue was washed with benzene (3 x 10 mL) to remove unreacted ketone 6a, which
affords a mixture of the nitropyridine 7a and the nitroaniline 8a. The separation of
products was performed by column chromatography on silica gel (eluent: hexane/ethyl
acetate = 95/5) to afford 7a (18.3 mg, 0.11 mmol, 44%) and 8a (20.8 mg, 0.13mmol,
50%), respectively. The TCRT reactions of the dinitropyridone 1 with other ketones were

performed in a similar way.

The reaction of dinitropyridone 1 with aliphatic ketones 6 in the presence of the

combination of amine 12 and acetic acid:

Propylamine (12A, 103 pl, 1.25 mmol) was added to a solution of dinitropyridone 1
(50 mg, 0.25 mmol), 3-pentanone 6a (26 pL, 0.25 mmol)) and acetic acid (72 ul, 1.25
mmol) in ethanol (5 ml), and the resultant solution was heated at 65 °C for 24 h. After
removal of the solvent, the residue was washed with benzene (3 x 10 mL) to afford 2,6-
dimethyl-4-nitro-N-propylaniline 13Aa (51.5 mg, 0.245 mmol, 99%) as a yellow powder.
The reactions of the dinitropyridone 1 with other ketones 6b-e and/or other amines were

performed in a similar way.

4.2 Characterization Data

2,6-Dimethyl-4-nitro-N-propylaniline (13Aa)
Yellow powder; mp 64-66 C. *H NMR (CDCls, 400 MHz) § 1.01

H.
N7, 3=7.2Hz 3H), 1.61 (tq, J = 6.8, 7.2 Hz, 2H), 2.30 (s, 6H),
3.26 (t, J = 6.8 Hz, 2H), 3.68-3.79 (br, 1H), 7.86 (s, 2H); °C NMR
(CDCl5, 100 MHz) § 11.3 (CHs), 19.4 (CHs), 24.5 (CH2), 49.3 (CH),

NO,

125.1 (CH), 125.3(C), 139.5 (C), 152.7 (C); IR (KBr, cm™) 3426, 1591,
1386; HRMS (EI, magnetic field) Calcd for C11H16N202: 208.1212. Found: 208.1213.
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2-Ethyl-4-nitro-N-propylaniline (13Ab)
Yellow powder; mp 66-68 C. *H NMR (CDCls 400 MHz) § 1.04 (t,

H. A~
N J=7.6Hz, 3H), 1.30 (t, J = 6.8 Hz, 3H), 1.75 (tq, J = 7.6, 7.6 Hz , 2H),
2.47 (t, J = 7.6 Hz, 2H), 3.24 (g, J = 6.8 Hz, 2H), 4.28-4.49 (br, 1H),
6.53 (d, J = 8.8 Hz, 1H), 7.97 (d, J = 2.8 Hz, 1H), 8.01 (dd, J = 2.8, 8.8
NO,

Hz, 1H); 3C NMR (CDCl3, 100 MHz) § 11.5 (CHs), 12.1 (CH3), 22.4
(CH2), 23.2 (CHy), 45.3 (CH>), 107.9 (CH), 123.8 (CH), 124.5 (CH), 126.2 (C), 137.6
(C), 151.0 (C); IR (KBr, cm™) 3403, 1591, 1382; HRMS (EI, magnetic field) Calcd for
C11H16N202: 208.1212. Found: 208.1211.

4-Nitro-N, 2-dipropylaniline (13Ac)
Yellow powder; mp 60-62 'C. *H NMR (CDCls, 400 MHz) 6 1.02

Ho o~
N (t, J=7.2Hz, 3H), 1.03 (t, J = 7.2 Hz, 3H), 1.71 (m, 4H), 2.42 (t, J
=7.2Hz, 2H), 3.24 (tq, J= 7.2, 8.0 Hz, 2H), 4.29-4.38 (br, 1H), 6.54
(d, J=9.2 Hz, 1H), 7.95 (d, J = 2.4 Hz, 1H), 8.05 (dd, J = 2.4, 9.2
NO,

Hz, 1H); *C NMR (CDCls, 100 MHz) § 11.5 (CHs), 14.0 (CHs), 20.9
(CH2), 22.4 (CH2), 32.6 (CH2), 45.3 (CH2), 108.1 (CH), 124.5 (CH), 124.8 (C), 124.9
(CH), 139.5 (C), 151.1 (C); IR (KBr, cm™) 3402, 1530, 1383; HRMS (EI, magnetic field)
Calcd for C12H18N202: 222.1368. Found: 222.1370.

2-(1-Methyl)ethyl-4-nitro-N-propylaniline (13Ad)
Yellow powder; mp 64-65 °C. *H NMR (CDCls; 400 MHz) §

H.
N 1.01 (t, J=7.2 Hz, 3H), 1.29 (d, J = 6.8 Hz, 6H), 1.76 (tg, J = 6.8,
7.2 Hz , 2H), 2.80 (sep., J = 6.8 Hz, 1H), 3.24 (t, J = 6.8 Hz, 2H),
4.48-4.58 (br, 1H), 6.54 (dd, J = 2.4, 9.6 Hz, 1H), 8.01 (d, J = 2.4
NO,

Hz, 1H), 8.03 (d, J = 9.6 Hz, 1H); 3C NMR (CDCl3, 100 MHz) &
11.5 (CHs), 21.8 (CHs), 22.3 (CH>), 45.3 (CH,), 108.4 (CH), 121.6 (CH), 124.2 (CH),
131.0 (C), 137.7 (C), 150.5 (C); IR (KBr, cm™) 3415, 1527, 1308; HRMS (EI, magnetic
field) Calcd for C12H1sN202: 222.1368. Found: 222.1369.
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2,6-Diethyl-4-nitro-N-propylaniline (13Ae)
Yellow powder; mp 71-73 °C. *H NMR (CDCls 400 MHz) §

H.
N7 101 (t,3=7.2Hz, 3H), 1.31 (t, J = 7.6 Hz, 6H), 1.64 (tq, J = 7.2,
7.2 Hz, 2H), 2.66 (g, J = 7.6 Hz, 4H), 3.10 (t, J = 7.2 Hz, 2H), 3.64-
3.78 (br, 1H), 7.90 (s, 2H); *C NMR (CDCls, 100 MHz) 6 11.4

NO,

(CHs), 13.7 (CHs), 24.4 (CHy), 25.1 (CHy), 50.4 (CHy), 122.8
(2CH), 132.6 (C), 140.7 (C), 151.9 (C); IR (KBr, cmt) 3419, 1588, 1324;

4-Nitro-N,2,6-tripropylaniline (13Af)
Yellow powder; mp 72-74 °C. *H NMR (CDCls, 400 MHz) §

H
~ /\/
N 1.01 (t, J = 7.2 Hz, 6H), 1.01 (t, J = 7.2 Hz, 3H), 1.60-1.72 (m,
6H), 2.61 (t, J = 7.6 Hz, 4H), 3.12 (t, J = 7.2 Hz , 2H), 7.88 (s,
2H): 3C NMR (CDCls, 100 MHz) 6 11.4 (CHs), 14.0 (CHs), 22.6
NO,

(CH>), 24.3 (CH>), 34.4 (CH>), 54.4 (CH2), 123.6 (CH), 131.2 (C),
140.4 (C), 152.1 (C); IR (KBr, cm™) 3419, 1588, 1324; HRMS (EI, magnetic field) Calcd
for C15H24N202: 264.1836. Found: 264.1836.

4-Nitro-6-phenyl-N,2-dipropylaniline (13Ag)

Yellow powder; mp 67—69 °C. *H NMR (CDCls, 400 MHz)
O NN 50724 3= 7.6 Hz, 3H), 1.05 (1, J = 7.2 Hz, 3H), 1.36 (tq, J
O =7.2,7.6 Hz, 2H), 1.72 (tq, J = 7.2, 7.6 Hz , 2H), 2.61 (t, J =
7.6 Hz , 2H), 2.71 (t, J = 7.2 Hz , 2H), 3.62-3.95 (br, 1H),
7.33-7.44 (m, 5H), 7.90 (d, J=2.4 Hz , 1H), 7.98 (d, J = 2.4
Hz, 1H); C NMR (CDCI3, 100 MHz) 6 11.1 (CHs), 14.1 (CHs), 22.1 (CH2), 23.9 (CH>),
34.1 (CHy), 43.4 (CHy), 124.5 (CH), 125.9 (CH), 127.6 (CH), 128.1 (CH), 128.5 (CH),
129.3 (C), 129.6 (C), 139.1 (C), 139.7 (C), 151.1 (C); IR (KBr, cm™) 3415, 1586, 1321;

HRMS (EI, magnetic field) Calcd for C1sH22N202: 298.1681. Found: 298.1682.

NO,
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4-Nitro-2,6-diphenyl-N-propylaniline (13Ah)

Yellow powder; mp 69—71 °C. *H NMR (CDCls, 400 MHz)
O H\Nf 00.52 (t,J=7.2 Hz, 3H), 1.15 (tq, J = 7.2, 7.2 Hz, 2H), 2.17
(s, 1H), 2.46 (t, J = 7.2 Hz, 2H), 7.39-7.46 (m, 10H), 8.02 (s,
2H); 3C NMR (CDCls, 100 MHz) 6 10.8 (CHs), 23.4 (CH>),
NO, 48.8 (CH>), 126.5 (CH), 128.0 (CH), 128.9 (CH), 129.1 (CH),
129.5 (C), 138.8 (C), 138.9(C), 150.4 (C); IR (KBr, cm™) 3393, 1487, 1321; HRMS (ElI,

magnetic field) Calcd for C18H22N202: 332.1525. Found: 332.1529.

2-Ethyl-4-nitro-1-pyrrolidinobenzene (13Bb)

Yellow powder; mp 79-81 “C. *H NMR (CDCl3, 400 MHz) § 1.21 (t,
Q J=17.6 Hz, 3H), 1.98-2.01 (m, 4H), 2.79 (g, J = 7.6 Hz , 2H), 3.42-3.46
(m, 4H), 6.66 (d, J = 9.2 Hz, 1H), 7.93 (dd, J = 2.8, 9.2 Hz, 1H), 7.99 (d,
J=2.8Hz, 1H) ; *3C NMR (CDCls 100 MHz) § 14.5 (CH3), 25.7 (CH>),
NO, 27.1 (CH2),51.2 (CH>), 113.7 (CH), 123.1 (CH), 126.6 (CH), 130.4 (C),
138.7 (C), 153.7 (C); IR (KBr, cm™) 1597, 1309; HRMS (EI, magnetic field) Calcd for

C12H16N2032: 220.1212. Found: 220.1211.

4-Nitro-2-propyl-1-pyrrolidinobenzene (13Bc)
Yellow powder; mp 74-76 °C. *H NMR (CDCls 400 MHz) § 0.96 (t,
Q J=7.6Hz, 3H), 1.64 (tq, J = 7.6, 7.6 Hz, 2H), 1.94-2.00 (m, 4H), 2.73 (t,
J = 7.6 Hz, 2H), 3.20-3.45 (m, 4H), 6.56 (d, J = 9.2 Hz, 1H), 7.94 (dd, J
=2.4,9.2 Hz, 1H), 7.97 (d, J = 2.4 Hz, 1H); *C NMR (CDCl3, 100 MHz)
NO, 013.8 (CHs), 23.2 (CHy), 25.7 (CH), 36.4 (CH2), 51.1 (CH), 113.6 (CH),
123.1 (CH), 127.3 (CH), 128.6 (C), 138.4 (C), 153.6 (C); IR (KBr, cm™) 1517, 1340.

2,6-Diethyl-4-nitro-pyrrodinobenzene (13Be)
Yellow powder; mp 75-77 °C. *H NMR (CDCl3; 400 MHz) §
Q 1.27 (t, J = 7.2 Hz, 6H), 2.00-2.04 (m, 4H), 2.69 (q, J = 7.2 Hz,
4H), 3.19-3.21 (m, 4H), 7.94 (s, 2H); 3C NMR (CDCl3 100 MHz)

d 14.8 (CHs), 24.9 (CH2), 26.4 (CH>), 51.4 (CH,), 121.9 (CH),
NO,
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145.0 (C), 145.6 (C), 151.7 (C); IR (KBr, cm™) 1517, 1340; HRMS (EI, magnetic field)
Calcd for C14H20N202: 248.1525. Found: 248.1524.

4-Nitro-2,6-dipropyl-1-pyrrolidinobenzene (13Bf)
Yellow powder; mp 76-78 "C. *H NMR (CDCls, 400 MHz)
Q 00.99 (t,J=7.2 Hz, 6H), 1.67 (tq, J = 7.6, 7.6 Hz, 4H), 2.00-
2.04 (m, 4H), 2.59 (t, J = 7.6 Hz , 4H), 3.17-3.20 (m, 4H),
7.91 (s, 2H); °C NMR (CDCl3 100 MHz) 6 14.3 (CH3), 23.8
NO2 (CH>), 26.4 (CHy), 34.1 (CHy), 51.6 (CHz), 122.4 (CH), 144.2
(C), 144.7 (C), 152.0 (C); IR (KBr, cm™) 1516, 1341; HRMS (EI, magnetic field) Calcd
for C16H24N202: 276.1838. Found: 276.1839.

4-Nitro-2,6-dipropylaniline (89)
NH, Yellow powder; mp 93-95 °C. *H NMR (CDCls 400 MHz)
01.05(t,J=7.6 Hz, 6H), 1.74 (tg, J = 7.6, 7.6 Hz, 4H), 2.49
(t,J=7.6 Hz,4H), 4.27-4.31 (br, 2H), 7.89 (s, 2H); *C NMR
NO, (CDCl3z, 100 MHz) ¢ 14.0 (CHs), 21.1 (CHa), 33.2 (CH>),
123.3 (CH), 125.1 (C), 138.6 (C), 148.3 (C); IR (KBr, cm™) 3494, 3396, 1592, 1482;
HRMS (EI, magnetic field) Calcd for C12H1sN202: 222.1368. Found: 222.1693.
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Chapter 7. Development of a New Substrate for Three Component

Ring Transformation

1. Introduction

The synthesis of fluoro compounds has rapidly gained increasing attention during the
past decades because of their many applications in the agrochemical®* and pharmaceutical
industries.? Indeed, CFs is often found in small molecule drug such as sitagliptin (Januvia),
celecoxib (Celebrex), and emtricitabine (Atripla) because it can improve the binding
affinity, physicochemical properties and metabolic stabibilty of molecule (Scheme 1).2
Thus, an efficient synthetic method for fluorinated organic compounds should also be

received much attentions.

Scheme 1. Several top-selling drugs contain CF3 group

As mentioned so far, the three component ring transformation (TCRT) of
dinitropyridone becomes a powerful method for synthesis of various kinds of nitro
compounds such as arylated nitropyridines, nitrated cycloalka[b]pyridines, nitroanilines

and so on. The successful results promoted the author to develop a new substrate for this
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TCRT, by which a nitro group at 5-position of dinitropyridone is replaced by CFz group,

namely, 3-nitro-5-trifluoromethyl-N-methylpyridone will be developed.

2. The preparation of the new substrate

3-Nitro-5-trifluoromethyl-N-methyl-2-pyridone (5) was prepared with a few steps as
descript in the literature.* The new substrate was synthesized as illustrated in Scheme 2.

CF3 (CH53);0BF
= 3/3 4 CF;
- | 2 . = | BF4 Et3N ~
MeO~ "N CHClI, MeO NN CH30OH
|
1 Me
3
ﬁCFs Nitration R OZNI/E/CFS
0P N HNO; 0PN
I\|/Ie Me
4 5

2.1 The preparation of 2-methoxy-5-trifluoromethyl-N-methylpyridinium

tetrafluoroborate

At first, trimethyloxonium tetrafluorobonate 2 was added to 3-methoxyl-5-
trifluoromethylpyridine 1 in CH2Cl2. Then, the resultant mixture was kept at room
temperature for 22 h. The solid trimethoxonium tetrafluoroborate gradually dissolved, the
solution clarified, and a new precipitate gradually formed. Finally, the obtained solid was
rinsed with hexane to remove any unreacted starting materials and the solvent was
removed by pipette and residual was dried in vacuo to provide the 2-Methoxy-5-

trifluoromethyl-N-methylpyridinium tetrafluoroborate 3 in 98% yield.
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2.2 The preparation of 5-Trifluoromethyl-N-methylpyridone tetrafluoroborate

To a vial containing a stir bar, obtained solid 3 and methanol, trimethylamine was
sequentially added. The resultant mixture was stirred at room temperature for 24 h. After
removing the solvent by vacuum, the residue was purified by column chromatography
(hexane: EtOAc = 95: 5) to afford 5-trifluoromethyl-N-methyl-2-pyridone 4 in 87% yield

as a colourless wax.
2.3 The preparation of 3-Nitro-5-trifluoromethyl-N-methyl-2-pyridone

The nitration of compound 4 was performed upon treatment with nitric acid (Table 1). It
is noticed that the nitration did not proceed when normal nitric acid was used (entries 1
and 2). On the other hand, fuming nitric acid was found to be more useful and the
efficiency of the reaction was improved by conducting nitration with larger time (entries
3-5). Finally, a new substrate for TCRT, namely, 3-nitro-5-trifluoromethyl-N-

methylpyridone 5 was developed.

Table 1. The nitration of 5-trifluromethyl-N-methylpyridone 4

ﬁCFS Nitration O2N I/TCFS
HNO3 0P N

\J

(@) l}l |
Me Me
4 5

Entry HNO3 Temp.(°C)  Time (h) Yield (%)

1 Nomal 35 40 No reaction
2 Nomal 60 24 Trace

3 Fuming 60 6 Trace

4 Fuming 60 15 25

5 Fuming 60 24 46
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3. The reaction of 3-nitro-5-trifluoromethyl-N-methylpyridone
3.1  The aminolysis of 3-nitro-5-trifluoromethyl-N-methyl-2-pyridone

The electron deficiency and electrophilicity of substrate 5 was estimated before
beginning the study on TCRT reactions by the reaction with amine such as polyamine
(Table 2). Unfortunately, the reaction of 5 with propylamine did not proceed at any
reaction conditions as shown in Table 2. These fact indicate that the substrate 5 is less
electrophilic than dinitropyridone, by which the reaction of the substrate 5 with

nucleophilic reagents occur with difficulty.

Table 2. The aminolysis of 5

OoN ﬁ/CFs PrNH;
N SoIvent,Temp.,Time'

O |
Me
5

Entry Slovent  Time (h) Temp.(°C) Result Recovery of 5 (%)

1 pyridine 5 50 No reaction 93
2 CH3;OH 5 50 No reaction 92
3 CH3;0H 24 65 No reaction 68
48l CH3OH 3 80 No reaction 94
5lal CH30OH 3 100 No reaction 88
6lel CH3OH 1 150 Not detected -

[a]: microwave heating was used
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3.2 The reaction of 3-nitro-5-trifluoromethyl-N-methyl-2-pyridone with with p-

methoxyacetophenone in the presence of NHsOAc

Compound 5 was also allowed to react with electron-rich p-methoxyacetophenone in
the presence of NHsOAc under different reaction conditions as shown in table 3. However,
the reaction did not proceed even though larger amount of NH4OAc were employed or

under microwave heating conditiond.

Table 3. The reaction of 3-nitro-5-trifluoromethyl-N-methyl-2-pyridone 5 with with p-

methoxyacetophenone in the presence of NH4OAc.

O,N CF; O
= | NH,OAc
_|_ -
0] N Solvent, Temp., Time
Me MeO
5

Entry Slovent NH4OAc (equiv.) Time (h) Temp.(°C) Recovery of 5 Result

1 EtOH 15 24 65 98 No reaction
2 EtOH 15 24 80 97 No reaction
3 EtOH 30 3 80 97 No reaction
48l EtOH 30 3 80 93 No reaction
5@ CH,0H 30 3 80 98 No reaction
6lel  CHCI, 30 3 80 98 No reaction

[a]: microwave heating was used

4. Conclusion
Although a new substrate for TCRT was developed, however, any useful results have

not been obtained until the date.
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