Synthesis and Functionalization
of 3-Nitropyridines

Dr. ing. thesis by
Harald Svensen

Norwegian University of Science and Technology
Department of Chemistry
Trondheim 2001

URN:NBN:no-1302



URN:NBN:no-1302



Acknowledgements

The work presented in this thesis was carried out at the Department of Chemistry
at the Norwegian University of Science and Technology (NTNU) in Trondheim
from January 1998 to December 2001. Financial support from the Norwegian
Research Council is gratefully acknowledged.

I would like to express my gratitude to my supervisor, Professor Jan M. Bakke for
his enthusiasm, support and inspiring discussions.

All my colleagues at the department are thanked for making a friendly and social
environment.

Present and former members of Professor Bakke’s group are thanked for fruitful
cooperation and interesting discussions. Dr. Eli Ranes and Dr. Jaroslav Riha are
thanked for introducing me to the field of nitropyridines and for the cooperation
on the nitration of pyridines and studies of the reaction mechanism. ERASMUS
students Raffaela Trevisan and Lorena Rodrigues Freire are tanked for their help
on the nitration and amination of 4-pyridinecarbaldehyde. Dr. Hanna H. S.
Gautun and ERASMUS student Miguel Gonzales-Garces Perez are thanked for
their cooperation on the transformation of nitropyridines. Thanks also go to Dr.
Helge Kjosen who recorded the MS spectra, and ing.Torild Krogstad who
recorded the GC-MS spectra.

Many people are thanked for their help during the process of writing this thesis.
Especially, siv. ing. Ingrid Sletvold is thanked for fruitful discussions and help
finding errors in this thesis. Dr. Einar S. Egeland and siv. ing. Janne Buhaug also
took part in the work of correcting and enhancing the quality of the text in this
thesis.

Finally I would like to thank my family for their support throughout my years of
education.

Harald Svensen
Trondheim, December 2001

URN:NBN:no-1302



URN:NBN:no-1302



TABLE OF CONTENS

Acknowledgements
Table of contens
List of Articles
Abbreviations & Symbols
Summary
L. INtrOdUCTION ... 1
2. Properties of pyridines ..........cccceeeuveeeeiiieiiiie e 3
2.1. Reactions of pyridines with electrophiles.........c.ccoceveverrieneneninennne. 4
2.1.1. Electrophilic attack at ring Ritrogen ..............cc.cccevveevevveveeennannn. 4
2.1.2. Electrophilic attack at ring carbom..............c...ccccooevuveevevevveacnnannn. 4
2.2. Reaction of pyridines with nucleophiles..............cceeeireeiieeniiinieeeens 5
2.3, RETEIENCES ...c.ueieiiieiie ettt 8
3. Nitration of pyridines ........ccccveeeriiieiiiieeniiee e 9
3.1 INtrOAUCTION . ....eeiiitieiieieie ettt 9
3.2. The nitration of pyridines with dinitrogen pentoxide and SO,/HSO5™ 10
3.2.1. Background for the present project..............ccccoevceveveevencurennnnns 10
3.2.2. Results and diSCUSSION ............cccceeveeiciiiciaiiiiiee et 11
3.3, CONCIUSION ..ouvtiiieiieeiieeitesitettee ettt sttt sbeesee b enns 17
3.4, RETEIONCES ...cuiiiieiieciiecieetet ettt e 18
4. The reaction mechanism of the nitration of pyridine............... 19
4.1. Previous inVeStiGations ..........ccveevveerveerreesveenieesreeereesseesseesseessnens 19
4.1.1. Reaction OULIINE ...............c.cccoevieiiaiiiee et 19
4.1.2. The migration of the Nitro QroUp ..........c.cccoveeeeeeeceeveeiiaeeeenn, 20
4.2. Result and diSCUSSION .......cceervieriieriieiieieeie ettt 22
4.2.1. NMR studies of nitration of 3-substituted pyridines .................... 22
4.2.2. Intermediates in nitration of 3-acetylpyridine..............c..c.......... 23
4.2.3. Intermediates in nitration of 3-methylpyridine.............c.............. 26
4.2.4. Yields in nitrations of 3-substituted pyridines ............................ 27
4.2.5. Viscosity of the SOIVERL.............c.ccccocveiciiiciaiiiiieieeeeeee e, 27
4.3, CONCIUSION ..eevriiiiiiesiiesiee sttt etee ettt ettt sate e sae e beeseenseenseenes 28
4.4 RETETENCES ...ttt 29

URN:NBN:no-1302



5. Selective vicarious nucleophilic amination of 3-nitropyridines 31

5.1, INIOAUCHION ...ttt st 31
5.1.1. Vicarious nucleophilic amination of nitroaromatics.................... 31
5.1.2. Amination of 3-nitropyridines.............cccocoveeeveecieecieecieniieeenens 35

5.2. Results and diSCUSSION .......eveiruierieiiiiieneesieeice et 36
5.2.1. Amination of 3-nitropyridine with hydroxylamine........................ 36
5.2.2. Amination of 3-nitropyridine (24) with 4-amino-1,2,4-triazole ... 39
5.2.3. Amination of 4-methyl-3-nitropyridine...............c..cccocovvcvvvvvennnann.. 40
5.2.4. Amination of 5-methyl-3-nitropyridine..............ccccccoevvvevvurennnnn. 41
5.2.5. Amination of methyl 3-nitroisonicotingte ................c..ccceeveeun... 42
5.2.6. Amination of 4-cyano-3-nitropyridine...............cc.ccceeevveeevueenneenn. 43
5.2.7. Amination of 4-(1,3-dioxolan-2-yl)-3-nitropyridine..................... 44
5.2.8. Amination of 4-acetyl-3-nitropyridine...............ccccooevceevcvencvennnn.. 45
5.2.9. Amination of 4-phenyl-3-nitropyridine..............ccccocevvevreneennnn.. 46
5.2.10. Amination of 5-phenyl-3-nitropyridine.............c...cccccovvvveeennnnn. 46
5.2.11. Amination of 4-nitroiSOqUINOLINe. ................cocoeeeveeeieenieeirieeneans 47
5.2.12. General trends and side reactions ..................c.ccocoeucencvenceennnne. 49

5.3, CONCIUSION ....oiiiieiieiteie ettt e 51

5.4 RETEICNCES ... ei ittt ettt e 53

6. The selective oxidative amination of 3-nitropyridines ............ 55

6.1, INErOAUCTION ....cotiiiieiieiieceee e e 55
6.1.1. Oxidative nucleophilic substitution of hydrogen .......................... 55
6.1.2. Mechanism of oxidative amination...................ccccccuceevceencvennannnnn 55

6.2. Oxidative amination of azaaromatic ............ccevceereerreereeeneereeseenneennes 57
6.2.1. INtFOAUCTION ... 57
6.2.2. Oxidative amination of 3-nitropyridines ..................ccceccvevvvvennnn.. 58

6.3. Results and diSCUSSION ........cocueriiiiiriiiieiieeenee e 59
6.3.1. Aminination of 3-nitropyridines with ammonia............................ 59

6.3.2. Oxidative amination of 3-nitropyridines with primary amines .... 63
6.3.3. Oxidative amination of 3-nitropyridines with secondary amines. 66

6.3.4. Limitations and Side reacCtions ..............ccccccueeeeveeeceeeeeeeeeeieeeneeennn 68
6.4, CONCIUSION ..ottt e e e e e e e e e e e e e e e e e e ee e e s e 69
0.5, RETETEINCES ..ottt e e e e e e e e e e e e e s e s e s seaaes 70

7. Nucleophilic alkylations of 3-nitropyridines 71
7.1. Introduction 71
7.1.1. Reactions of aromatic and heteroaromatic compounds with C-nucleo-

PRIIES oo 71

7.1.2. Reactions of 3-nitropyridines with C-nucleophiles ...................... 73
7.2. Results and diSCUSSION .......eveiruierieriiiiieseesieeieeeee et 76
7.2.1. Chloroform as nucleophile ...............cccccooviioieoininiiniieneneeee 76

URN:NBN:no-1302



7.2.2. Methyl chloroacetate and ethyl 2-chloropropionate as nucleophiles 80

7.2.3. GENEFrAl tFENdS .........c.cccoeiiiieiiiieiee e 82
7.3, CONCIUSION ...ttt e 83
T4 RETEIENCES ...c.uiiiieiieiieieeeeee ettt sttt et e 84

8. Transformations of 3-nitropyridines ...........ccccceeeeeuveeerreeennneenns 85
8.1, INtrOAUCTION. ...t 85
8.2. Results and diSCUSSION ....c..eveiriiiiiiiiieieiie et 86
8.3, CONCIUSION ..ottt ettt et e 89
8.4, RETEICNCES ... eieiieiieiiicie ettt e 90

9. Experimental ..........ccccooeeiiiiiiiiiniie e 91
9.1 GONETAL....c.iiiiiiiite e e 91
9.2 INIETALION ...ttt ettt ettt ettt ettt et e e ee e e e 92

9.2.1. General nitration proCeaures .................cccucureereeeeencesieneaeenenes 92

9.2.2. Nitration of substituted pyridines ..............ccccccoevveevevvecreneannn. 93
9.3. The reaction mechanism of nitration of pyridine.............ccecvervrnenns 100

9.3.1. From the reaction of 3-acetylpyridine.............c..cc.ccccoevvuvennnnn.. 100

9.3.2. From the reaction of 3-methylpyridine...............cc.cccoevuvenurn.. 101
9.4. Selective vicarious nucleophilic amination of 3-nitropyridines ...... 103

941 GENEFAL ... 103

9.4.2. AMINALION PFOCEAUFES .........ccoeeeeeeeiiaeiieiiesiieiee e 103

9.4.3. Amination of 3-Ritropyridines..............ccccccevvveeiieeveeveirierseenrannns 103
9.5. The oxidative amination of 3-nitropyridines ...........cccceeeveerveerreennen. 110

9.5.1. Oxidative aminations with Gmmonia ...............cccccceeeeevceneennnnn 110

9.5.2. Oxidative amination with n-butylamine...................c...cc.ccuo...... 112

9.5.3. Oxidative amination with diethylamine ..............c.cccccoccocenennn.n. 114
9.6. Nucleophilic alkylation of 3-nitropyridines.........c.cceceeeeerererereenns 117

9.6.1. Reaction with chloroform ...........ccccccoevvevvieviieniieiiiieiseeeveenn 117

9.6.2. Reaction of 3-nitropyridines with methyl chloroacetate............. 120

9.6.3. Reaction of 3-nitropyridine (24) with ethyl 2-chloropropionate 121
9.7. Tranformation of 3-nitropyridines 122

0.8, RETEIENCES ......eeeieiiiiieiieeeee ettt 124
List of Compounds
Appendixes

Appendix 1 Article 1

Appendix 2 Article 2

Appendix 3 Article 3

Appendix 4 Article 4

URN:NBN:no-1302



URN:NBN:no-1302



List of Articles

1. J. M. Bakke, E. Ranes, J. Riha and H. Svensen
The Synthesis of B -nitropyridine compounds
Acta Chemica Scandinavia, 53, 141 (1999)

2. J. M. Bakke, H. Svensen and E. Ranes
The reaction mechanism of the nitration of
pyridine compounds by N,O5-NaHSO5

J. Chem. Soc., Perkin trans. 2, 2477 (1998)

3. J. M. Bakke, H. Svensen and R. Trevisan
Selective vicarious nucleophilic amination of 3-nitropyridines
J. Chem. Soc., Perkin trans. 1, 376 (2001)

4. J. M. Bakke and H.Svensen
The oxidative amination of 3-nitropyridines
Tetrahedron Letters, 42,4393 (2001)

URN:NBN:no-1302



URN:NBN:no-1302



Abbreviations & Symbols

calcd
DMF
DMSO
e.g.

Et

g

GC
HRMS
Hz

IR

lit.

Me
MHz
mp.
MS
NMR
NOE
Ph
ppm
rel. int.
THF

NMR assignments:

v g —a

IR assignments:

w1

URN:NBN:no-1302

calculated
dimethylformamide
dimethyl sulfoxide

exempli gratia, for example
ethyl

gram

gass chromatography

High resolution mass spectroscopy
hertz

Infrared spectroscopy
literature

methyl

megahertz

melting point

Mass spectroscopy
Nuclear Magnetic Resonance
Nuclear Overhouser Effect
Phenyl

parts per million

relative intensity
Tetrahydrofuran

doublet

coupling constant
multiplet

singlet

medium
strong
weak



URN:NBN:no-1302



Summary

The goals for the project “Synthesis and Functionaliszation of 3-Nitropyridines”
were first to further optimize the procedures for nitration of 3-nitropyridines, and
then investigate some aspects of the mechanism. Further was the reactivity of 3-
nitropyridines investigated, especially the reactivity toward nitrogen
nucleophiles.

Pyridines can be nitrated by reacting the pyridine with dinitrogen pentoxide in an
organic solvent and then pour the slurry formed into an aqueous solution of
sodium bisulfite. After some hours of stirring, the 3-nitropyridine can be isolated.

X X
1. N205, CH2C|2 or CH3N02 N02

S | 2. NaHSOj3 , H,0/ MeOH N

After investigation of the effect of changes in sodium bisulfite concentration,
reaction medium and temperature a modified procedure for the nitration was
developed. In this procedure the pyridine compound was reacted with dinitrogen
pentoxide in dichloromethane or nitro methane and the resulting slurry poured
into a solution of bisulfite dissolved in methanol/water (3:1). After some hours of
stirring at room temperature the 3-nitropyridine was isolated.

The mechanism of the nitration of pyridines with dinitrogen pentoxide was
studied, and is shown in the next scheme. The author studied the migration of the
nitro group from the nitrogen to the  -carbon. It has been by others shown that
pyridine and dinitrogen pentoxide forms N-nitro pyridinium nitrate. Which is
attacked by the bisulfite nucleophile in either 2- or 4- position to give N-nitro-2-
dihydropyridine-2-sulfonate and N-nitro-1,4-dihydropyridine-4-sulfonate. The
nitro group in N-nitro-2-dihydropyridine-2-sulfonate migrates to the f -carbon, to
give via addition of one more bisulfite ion a tetrahydro intermediate. From this
the 3-nitropyridine is formed by loss of two bisulfite ions. The mechanism for the
nitro group migration was previously not known. The results presented in this
thesis together with previous results conclude with that the migration takes place
as a [1,5] sigmatropic shift.
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1151 shifty

Nine 3-nitropyridines and 4-nitroisquinoline was aminated by hydroxylamine
and 4-amino-1,2,4-triazole in a vicarious nucleophilic substitution reaction in
moderate to good yields. Both reagents selectively gave amination in the para
position to the nitro group.

R R
NO } NO
AN 2 HoN-X AN 2
_— Base _—
N Solvent HoN N

Oxidative amination of 3-nitropyridines in liquid ammonia at -33 °C is reported
in literature to give mixture of isomers. A new method for selective amination of
3-nitropyridine have been developed by performing the reaction at room
temperature. When 3-nitropyridine was reacted in DMSO/water (3:1) saturated
with ammonia in the presents of potassium permanganate, 2-amino-5-
nitropyridine was formed with high selectivity. A 66 % yield of 2-amino-5-
nitropyridine was isolated.
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R NHR4R5 R

NOs KM NO
s R1 —
N Solvent \T N
Ro

3-Nitropyridine and some 4-substituted 3-nitropyridines were oxidative aminated
by n-butylamine and diethylamine to give 2-alkylamino-5-nitropyridines. High
regioselectivity was achieved when the right reaction conditions were used.

Vicarious nucleophilic substitution with carbon nucleophiles like the anions of
chloroform, methyl chloroacetate and ethyl 2-chloropropionate were tried for
some 3-nitropyridines. For 3-nitropyridine all nucleophiles attacked preferably in
the 4-position. When the 4-position was blocked chloroform attacked mainly in
the para position to the nitro group. Methyl chloroacetate did not react with 4-
substituted substrates, and ethyl 2-chloro were not tried for 4-substituted
substrates

3-nitropyridine-4-yl carbamates are key intermediates in the synthesis of 3,4-
diaminopyridines and dihydro-2H-imidazo[4,5-c]pyridin-2-ones.Attemps to
produce methyl 3-nitropyridine-4-yl carbamate by a hoffman rearrangement of
isonicotinamide were abandoned due to poor yields.
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Introduction

1. Introduction

This project started in January 1998, and was a continuation of the project
“Nitration by the use of dinitrogen pentoxide” started in Prof. Bakke’s group by
Dr. Ingrid Hegbom in 1991 and continued by Dr. Eli Ranes (1994 - 1998) and Dr.
Jaroslav Riha (1997 - 2000). During this project it was found that pyridines could
be nitrated by dinitrogen pentoxide and sulfur dioxide/sodium bisulfite in good
yields.

When this project started several methods for the nitration of pyridine with
dinitrogen pentoxide were developed and most of the details for the mechanism
were established. But still some work on optimization of the nitration reaction
had to be done and some aspects of the mechanism was not known.

The project therefore had two main goals: to finish the work on the nitration of
pyridines, and then explore the chemistry of the 3-nitropyridines.

The work on optimization of the nitration reaction and studies of the reaction
mechanism were done in close cooperation with Dr. Eli Ranes and Dr. Jaroslav
Riha. The work of the author can not be presented without referring to the their
work.

In order to optimize the yield of the nitration reaction several parameters were
studied. This work is presented in Chapter 3. The author’s results together with
the results of Dr. Eli Ranes and Dr. Jaroslav Riha are published in Article 1.

The results from the studies of the reaction mechanism for the nitration are given
in Chapter 4. The reaction intermediates were identified by low temperature
NMR spectroscopy, and their concentrations as a function of time were
monitored. These results together with Dr. Eli Ranes’s results lead to a proposed
mechanism for the nitration.The results are published in Article 2.

The nitration method for pyridines developed in Prof. Bakke’s group have made a
whole range of 3-nitropyridines readily available for the first time. Especially
4-substituted 3-nitropyridines have previously been difficult to obtain. It was
therefore natural to study the reactivity of these compounds, to find new methods
for further funtionalization.

Since 3-nitropyridines are electron deficient compounds they should be
susceptible for nucleophilic attack. The two major methods for nucleophilic
substitution of hydrogen in arenes are vicarious nucleophilic substitution (VNS)
and oxidative nucleophilic substitution of hydrogen (ONSH).
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Introduction

In Chapter 5 the results from vicarious nucleophilic substitutions with nitrogen
nucleophiles are presented. Several substituted 3-nitropyridines were reacted
with two different amination reagents. The results are published in Article 3.

The results from oxidative amination of 3-nitropyridines with nitrogen
nucleophiles are presented in Chapter 6. Some 3-nitropyridines were oxidative
aminated by amines in the presence of an oxidizing agent. The results are
published in Article 4.

In Chapter 7 some introductionary experiments from reaction of carbon
nucleophiles with 3-nitropyridines are presented.

Some transformations of substituted 3-nitropyridines are described in Chapter 8.
All experimental details are given in Chapter 9, also data given in the articles.

Most compounds mentioned in this thesis are given a number, and a list of
compounds with number and structure are given at the end of the thesis.

2
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Properties of pyridines

2. Properties of pyridines

Pyridine (1) and its derivatives are among the most important heterocycles.
Pyridine (1) is a water-miscible liquid, with a boiling point of 115 °C, with an
unpleasant odor. It is an excellent polar solvent, a base (pK, = 5.23) and a donor
ligand in metal complexes. Most pyridines are thermally and photochemically
stable.

Pyridine (1) is the prototype of electron-poor six-membered heterocycles. The
replacement of a CH in benzene by N leads to far-reaching changes in typical
reactivity: pyridines are much more susceptible to nucleophilic attack and much
less susceptible to electrophilic substitution than benzene. When the ring nitrogen
is protonated electrophilic attack at ring carbons is even less favorable.

The pyridine skeleton is incorporated in a whole range of natural products,

pharmaceuticals, dyes and other commercial products'->34,

The pyridine ring plays a key role in many biological processes, most important
is the oxidation/reduction coenzyme nicotinamide (NADP). Pyridoxine (vitamin
Bg) is another important coenzyme. Nicotine, a highly toxic alkaloid, is the major
active component in tobacco. Isoniazide is a major antituberculosis agent.
Epibatidine, isolated from a South American frog, is promising as an analgetic
agent. Davicil is a fungicide, and Nemertelline is a neurotoxin from a marine

worm.
o HO
HO
Sl valiee
7 7
N/ N N/ N
Pyridine Nicotinamide Pyridoxine Nicotine
NH,
| NH
Ox_NH
Cl cl
N
X X |
pZ
= Cl ]
NG CI N N
Isoniazide Epibatidine Davicil

Nemertelline

Figure 2.1. Examples of important pyridine derivatives.
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Properties of pyridines

2.1. Reactions of pyridines with electrophiles

2.1.1. Electrophilic attack at ring nitrogen

The nitrogen in the pyridine ring is a good nucleophile and reacts with a whole
range of electrophiles. It can be protonated, nitrated, sulfonated, alkylated,
acylated, oxidized and halogenated (examples in Figure 2.2.). Some of these
compounds are used in organic synthesis as electrophile donors, e.g. in
brominations, sulfonations, nitrations and acylations.

) | D &) D
NG N gg® Y e e
by Brs NO, HSO; CHj

2 3 4 5

Figure 2.2. Examples of reaction products from reactions of pyridine (1) and
electrophiles.

2.1.2. Electrophilic attack at ring carbon

Electrophilic aromatic substitution at carbon is a difficult process. Pyridine (1) is
itself about a million times less reactive than benzene, and the pyridinium cation

(the major species under traditional electrophilic substitution conditions) is about

1072 times less reactive than benzene.*

When reaction occur, the 3- and 5-positions, which are less deactivated by the N-
atom, are preferentially attacked. The reaction is activated by electron donating
groups. Some typical electrophilic substitution reactions do not occur at all, such
as Friedel-Crafts alkylations and acylations.

Electrofilic aroamtic substitution of pyridine (1) gives poor yields (6 %) even

under vigorious conditions, such as potassium nitrate in oleum at 300 °C.’
Pyridines with one methyl substituent are not activated enogh to be nitrated, but
dimethylpyridines can be nitrated. Side chain oxidation is a problem in nitration

of methylpyridines.® Pyridines with strong electron donating substituents such as
hydroxy and amino groups can be nitrated in good yield. Nitration of 2-
aminopyridine (6) goes via a nitramine 7, which upon heating rearranges to either

2-amino-5-nitropyridine (9) or 2-amino-3nitropyridine (8)(Scheme 2.1.).”

4
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Properties of pyridines

N NO

| \ [j\ - 2 ﬁ E?[ 2

+

7 7 ~

N NHy 1250, NHNO, N NH; N NH;
6

Scheme 2.1. The nitramine rearrangement.

Pyridine N-oxide (10) can be nitrated in 4-position as shown in Scheme 2.2.

H NO, NO,
= KNO3 -H* =
\ﬁ H,SO, | ﬁ | — > \('3 |

6° 5 &
10 11 ] 12

Scheme 2.2. Nitration of pyridine N-oxide.

Pyridine (1) is sulfonated in low yield by concentrated sulfuric acid or oleum, but
addition of mercuric sulfate in catalytic quantities gives sulfonation in good
yield.®

3-Bromopyridine (13) can be produced in good yield by reacting pyridine (1)
with bromine in oleum.’ Direct chlorination is more difficult and 3-
chloropyridine (14) is produced in 33 % yield by reaction of pyridine (1) with
chlorine in the presence of aluminium chloride at 100 °C.°

2.2. Reaction of pyridines with nucleophiles

Since the pyridine ring is electron deficient compared to benzene it is also more
susceptible to nucleophilic attack. Nitropyridines are even more activated than
pyridines. Nucleophilic substitution usually proceeds via a two step sequence.
The first step is an addition of the nucleophile, followed by an elimination of the
leaving species, e.g. a halide or a hydride.

Only strong nucleophiles react with pyridine (1), e.g. amides and hydroxide ions,
and they preferentially react at the 2-position. The best known reaction is the
Chichibabin reaction (Scheme 2.3.), by which 2-aminopyridine (6) is formed

from pyridine (1) and sodium amide.!!
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Properties of pyridines

| Xy NaNH, | AN | X H,0 | N 4 NaOH
I H _-H /

N N 2 N~ SNH N”" “NH,

1 | (/N—H | 6

Na H

Scheme 2.3. The Chicibabin reaction.

Good leaving groups such as halides can be displaced by a number of
nucleophiles. One example is given in Scheme 2.4. where 2-chloropyridine (17)

is converted to 2-methoxypyridine (19) in 95% yield.'*

N Cl
17

AN MeONa | N A -cr AN
() et il R
MeOH, reflux ’}‘_} =
H

Scheme 2.4. Nuclephilic substitution of chlorine.

Hydride is a poor leaving group. Therefore, methods have been developed in
order to perform nucleophilic substitutions on activated pyridines (e.g.
nitropyridines), not functionalized with good leaving groups.

Vicarious nucleophilic substitution (VNS) permits the introduction of amino

groups ortho or para to the nitro group by reaction with methoxyamine as
illustrated in Scheme 2.5., where 2-methoxy-5-nitropyridine (20) is reacted with

methoxyamine and base to give 23.!2

NH,OMe, ZnCl +
N il
02 2 N ome NN 02
\ t- BUOK, DMSO / 2 | —
P ~ N [T | P
Meo™ N MeoT N H) N \QH/HJ' Me0” N7 NH,
20 22

Scheme 2.5. Vicarious nucleophilic substitution of hydrogen.

6
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Properties of pyridines

Oxidative nucleophilic substitution of hydrogen (ONSH) is another method.The
intermediate from the reaction of 3-nitropyridine (24) and the nucleophile is
oxidized by an oxidizing agent, e.g. potassium permanganate, and the pyridine

ring is then rearomatized by loss of a proton to give the the aminated 3-

nitropyridine (9). Low selectivity is often a problem in ONSH reactions.'3

Scheme 2.6. shows the reaction for the main isomer, but the other isomers are

also formed.
= | NO2  \h, = | NO;
N\ NS
N N NH,
24 9

Scheme 2.6. Mechanism for the formation of the main isomer (9) in the oxidative
nucleophilic substitution of hydrogen of 3-nitropyridine (24).

Pyridine N-oxide (10) and pyridinium salts (26) are more susceptible to
nucleophilic attack than pyridine (1) itself, as the positively charged ring nitrogen
can act as an electron sink. Pyridinium salts (26) can react with nucleophiles such
as hydroxide, chloride, amines, carbanions and sulfite. Pyridinium cations react
with hard nucleophiles mainly at the 2-position, and with soft nucleophiles at the

4-position,'> but in many cases mixtures are obtained (Scheme 2.7.).

H Nu
© X
- | o Nu | + o
@ H
N
) Y N
R R R

26 27 28
Scheme 2.7. Nucleophilic addition on pyridinium salts (26).
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Nitration of pyridines

3. Nitration of pyridines

3.1. Introduction

Nitration of pyridines by electrophilic aromatic substitution takes place with
great difficulty, and low yields are obtained even under very harsh conditions.
Typically nitration of pyridine (1) with potassium nitrate in fuming sulfuric acid
at 350 °C gave a 6 % yield of 3-nitropyridine (24).! Gaseous nitration with a
mixture of dinitrogen tetroxide and carbon dioxide at 115-120 °C gave a 7-10 %
yield of 3-nitropyridine (24).2 Pyridine (1) was nitrated with nitryl fluoride, in a
violent reaction, to give 24 in 10 % yield.?

In 1993 Suzuki and co-workers reported the nitration of pyridine (1) with
nitrogen dioxide and ozone in dichloromethane at room temperature. They
obtained a

3.5 % yield of 3-nitropyridine (24) and 1.2 % of 3,5-dinitropyridine (29).*

Bakke and co-workers reported in 1994 that pyridine (1) could be nitrated by
dinitrogenpentoxide in liquid sulfurdioxide to give a 63 % yield of 3-
nitropyridine (24) (Scheme 3.1.).5 Later this methode was modified and the yield
was increased to 77 %.% Suzuki showed in 1997 that the dinitrogen pentoxide
could be generated in situ.’

AN NOs TR
> | Do —
N H.0 N
N NOs |
1 NO, 24
30

Scheme 3.1. Nitration of pyridine (1) by N,Os and SO, or NaHSO; in water.

3-Nitropyridines can also be synthesized by oxidation of 3-aminopyridine (31)
with hydrogen peroxide in fuming sulphuric acid in 45 % yield.® Nitration of
2,6-dichloropyridine (32) with nitronium tetrafluoroborate gave a 11 % yield of
3-nitropyridine (24) after dehalogenation.’ 24 has also been prepared from 2-
chloro-3-nitropyridine (33).'°

Electron donating substituents like amino and hydroxy groups facilitate nitration
reaction. Electron withdrawing groups deactivate the pyridine ring and makes
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nitration even more difficult than for pyridine (1). For pyridines with substituents
such as acetyl, carbaldehyde, phenyl, carboxylic acid/esters and cyano, Bakke
and co-workers were the first to report nitration.>

3.2. The nitration of pyridines with dinitrogen pentoxide and SO,/
HSO;

3.2.1. Background for the present project

The metode for nitration of pyridine (1) with dinitrogenpentoxide was discovered
in Prof. Bakkes group in 1994, by Dr. Ingrid Hegbom. The work was continued
by Dr. Eli Ranes and Dr. Jaroslav Riha. Both the reaction mechanism and new
alternative procedures for the nitration reaction were studied in detail .>¢

The author started his work at the end of the projects of Dr Eli Ranes and

Dr. Jaroslav Riha. The work on the optimalization of the nitration reaction was
therefore done in close cooperation with them. The results can not be presented in
a complete way without refering to their work, as their results directly influenced
the direction of the present project. An overview of the nitration project is
therefore needed.

In 1994 Bakke and co-workers reported that pyridine (1) and some substituted
pyridines could be nitrated by reaction of the pyridine compound with dinitrogen
pentoxide (DNP) in liquid sulfur dioxide.’ The sulfur dioxide mixture was poured
over ice water and stirred at room temperature for some hours. Mechanistical
studies showed that this was not an electrophilic aromatic substitution.® It was
discovered that the pyridine (1) reacted with DNP to form N-nitropyridinium
nitrate (30), and that sulfur dioxide was essential in the next step where the nitro
groupe migrated to give 3-nitropyridine (24) (Scheme 3.2.).

0= Qe g

liquid SO2
N02
30
Scheme 3.2. Nitration of pyridine (1) with dinitrogen pentoxide in liquid sulfur
dioxide/water.
10
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Nitration of pyridines

Sulfur dioxide was found to act as nucleophile, which attacked in either 2- or 4-
position of the N-nitropyridinium nitrate (30), followed by a migration of the
nitro groupe.

Other nucleophiles were tried and a new procedure without use of liquid sulfur
dioxide was developed. In this procedure pyridine and DNP was reacted in an
organic solvent, such as nitromethane or dichloromethane, to form 30. This
reaction mixture was poured into a aqueous solution of sodium bisulfite, which
after some hours of stirring yielded 3-nitropyridine (24).

The nitration was found to go by the mechanistical path described in Scheme 3.3.
For a more detailed discussion of the mechanism see chapter 4.

H
= | N205 = | N02 36
SN N hs®  * o
3 o -
1 NO; No, NG H SC; l 2HS0;
N SN
NO, 24
35

Scheme 3.3. Reaction mechanism for nitration of pyridine (1).

3.2.2. Results and discussion

When this work started three different procedures for the nitration had been
reported.> Pyridine (1) was either reacted with dinitrogen pentaoxide (DNP) in
liquid sulfur dioxide and the reaction mixture poured into water before work-up
(Procedure A), reacted with DNP in a mixture of liquid sulfur dioxide and an
organic solvent and then poured into water (Procedure B) or reacted with DNP in
an organic solvent and poured into water containing a nucleophile (HSO5")
(Procedure C).

Dr. Eli Ranes showed in her dr. thesis'! that the yields from procedure C could be
improved by adjusting the pH in the aqueous bisufite solution (Procedure D). The
yield of 3-nitropyridine (24) was rised from 68 to 77 %, the yield of 4-acetyl-3-

11
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nitropyridine (37) was rised from 50 to 67 %. The author of this thesis
similtaniously worked with other methodes for improving the yields.

Procedure C and D gave good yields for some substrates, but 4-substituted
pyridines in many cases gave lower yields by procedure C and D compared to
procedure A. Further investigations were made in order to improve the yields
when the N-nitro pyridinium nitrates were reacted in aqueous bisulfite solutions.

Methyl isonicotinate (38) was used as a test substrate. The ester group is a
electron withdrawing substituent, and this substrate had not been investigated
before. Pyridines with other electron withdrawing functional groups as
carboxylic acid and nitrile had earier been nitrated in only 15-35% yield by
methode C and D. Methyl 3-nitroisonicotinate (42) was also a interresting
starting material for further transformation reactions, like Hoffmann and Curtius
rearrangements.

To further improve the yield the following parameters were studied:
1. The effect of concentration of the nucleophile
2. The effect of the reaction medium
3. The effect of the temperature

The effect of concentration of nucleophile

In procedure C the products from the nitration of methyl isonicotinate reaction
was the methyl 3-nitroisonicotinate (42), unreacted methyl isonicotinate (38) and
the by-product 3-pyridinesulfonic acid (43) (Scheme 3.4.). The mechanism of the
formation of this by-product is not known but the bisulfite ion is probably

involved.
(|:H3 C|3H3 (|3H3 ?H3
O (0] O (0] O (0] 0 o)
NO SO3H
\ 1 N205 | \ 2 \ 3 \
> + +
| N/ 2. NaHSO,/ H,0 N/ N/ N/
38 42 43 38

Scheme 3.4. Products from nitration of substituted pyridines

The effect of changes in the bisulfite ion concentration in the aqueous solution
was studied. The nitration of methyl isonicotinate (38) was used as a test reaction.
The nitration was done by 6 and 3 equivalents of sodium bisulfite. The isolated

12
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yield of methyl 3-nitroisonicotinate (52) was respectively 38 and 55 %

(Table 3.1.). The amount of recovered starting material was about the same, so
the increase in yield of nitrated product was caused by an decrease of the 3-
pyridinesulfonic acid (43). A further reduction of the bisulfite concentration to
1.5 equivalents resulted in a yield of nitrated product 42 of about 25 % (yield
from "H-NMR of reaction mixture). The main component in the product mixture
from this reaction was unreacted starting material. These experiments showed
that the concentration of bisulfite in the aqueous phase is very important.A too
high concentration leads to formation of the biproduct 43, and to low a
concentration increase the amount of unreacted starting material. Three
equivalents of sodium bisulfite seemed to be a good compromise.

Table 3.1 Yield of 4-methoxycarbonyl-3-nitropyridine (42) from nitration of
methyl isonicotinate (38) with different ammounts of sodium bisulfite in
the aqueous phase.

Eqv. Yield
NaHSO; (%)
6 38
3 55
1.5 ~25

The effect of the reaction medium

Before the present investigation all reactions of N-nitropyridinium nitrates (44)
with a nucleophile had been performed in an aqueous solution. It was therefore
interesting to investigate the effect upon changing the polarity of the reaction
mixture. The range of possible solvents was limited by solubility of sodium
bisulfite. A methanol/ water system was therefore chosen.

The reaction rate of the intermediates in the nitration reaction has been found by
Dr. Eli Ranes to be independent of the polarity of the reaction media.!' The rate
of the reaction giving the nitropyridine was therefore not expected to be
significantly affected by the change in polarity, but the rate of formation of the
main by-product, the pyridinsulfonic acid, could be affected.

Methyl 3-nitroisonicotinate (38) was nitrated with an increasing proportion of
methanol in the bisulfite solution. The results are shown in Table 3.2.

13
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Table 3.2 Yield of methyl 3-nitroisonicotinate (42) from nitration with different
proportions of methanol in a H,O/MeOH solution

% MeOH | Yield (%)
0 61
25 68
50 74
75 75

The results showed an increase of the yield of nitrated product when increasing
proportions of methanol were used. From 'H-NMR spectroscopy of the reaction
mixture, only traces of the 3-pyridinesulfonic acid (43) was found in the reaction
mixtures with 75% methanol (Figure 3.2.), in the reaction in 100% water some 3-
pyridinesulfonicacid was (43) observed (Figure 3.1.) This indicated that the
higher yield in methanol/water solutions than in a water solution could be
explained by that less of the intermediates react to the 43.

Another effect of using methanol/water as solvent is that the reaction mixture
becomes more homogenous, giving one phase instead of a two phase system of
water and nitromethane (or dichloromethane).

42
42

42

Figure 3.1. '"H-NMR specter of a reaction mixture from nitration of methyl
isonicotinate with N,Os and NaHSO; in water. Methyl 3-nitroisonicotinate (42):

Methyl 3-sulfonicacid isonicotinate (43), unreacted methyl isonicotinate (38).

14
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42

42
42

38

1.0000
g

©
N
o]

Figure 3.2./H-NMR specter of a reaction mixture from nitration of methyl
isonicotinate with N,Os and NaHSOj in 75% methanol in water. Methyl 3-
nitroisonicotinate (42), unreacted methyl isonicotinate (38)

The methode with use of 3 equivalents of bisulfite in a solution of 75% methanol
in water was named procedure E. This procedure was tried on several substituted
pyridines.

Table 3.3. shows the results from nitration of pyridine (1) and substituted
pyridines by the different procedures developed in Prof. Bakke’s group. The
results in the table is the collective work of the group. Procedure E was developed
by the author, but this methode has later been used on several substrates by other
members of the group. Some of the pyridine substrates have been nitrated by
several persons using the same method, in these cases the author have reported
his own results. The numbers in bold are nitrations performed by the author of
this thesis.

15
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Table 3.3.Results from nitration of pyridine (1) and substituted pyridines, by
different methods. Yields in bold are nitration done by the author.

Product A C D E
(%) (%) (%) (%)
3-Nitropyridine (24) 63 68 77 77
2-Methyl-5-nitropyridine (45) 42 19 36 36
3-Methyl-5-nitropyridine (46) 26 5 24 20
3-Acetyl-5-nitropyridine (47) 33 18
3-Chloro-5-nitropyridine (48) 15 11
4-Methyl-3-nitropyridine (49) 54 24 33 39
4-Acetyl-3-nitropyridine (37) 75 56 67 58
4-Benzoyl-3-nitropyridine (50) 74
3-Nitropyridine-4-carboxylic acid (51) 60 36 15 48
Methyl 3-nitroisonicotinate (42) 55 75
3-Nitropyridine-4-carboxamide (52) 50
3-Nitro-4-pyridinecarbaldehyde? (53) 35
4-Cyano-3-nitropyridine (54) 33 26 45
4-Phenyl-3-nitropyridine (55) 37 69
5-Phenyl-3-nitropyridine (56) 23
2,3-Dimethyl-5-nitropyridine (57) 46 14 37
2,4-Dimethyl-5-nitropyridine (58) 66 45 64
3,4-Dimethyl-5-nitropyridine (59) 58 14 20
3-Nitroquinoline (60) 16 7 10
4-Nitroisoquinoline (61) 32 35 32 42

A) Protected as the dioxolane

Table 3.3 shows that procedure E gave higher yields than procedure C and D for
some substrates. Procedure E was better for pyridine-4-carboxylic acid (62),
isoquinoline (63), methyl isonicotinate (38), 4-cyanopyridine (64), 4-
methylpyridine (65), 2,3- dimethylpyridine (66), 2,4-dimethylpyridine (67) and
3,4-dimethylpyridine (68). Procedure A gave in general better yields than
procedure E exceptions are pyridine (1), 4-cyanopyridine (64) and isoquinoline
(63). Procedure E is simple and do not require use of liquid sulfur (procedure A)
dioxide or adjustment of pH (procedure D). Procedure E may therefore be the
methode of choice in many cases.

16
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The effect of the temperature

The use of methanol-water solutions made it possible to run the reaction at low
temperature. The possibility that the rate of formation of 3-pyridinesulfonic acid
(41) was influenced by the temperature could then be checked.

methyl isonicotinate (38) was reacted with sodium bisulfite in a methanol/water
(3:1) solution at three different temperatures: 25, 5 and -20 °C . The reactions
were stopped after 68 hours, and the yields of 42 (from GC with internal
standard) were respectively 75, 58 and 40 %. NMR analysis of samples taken
from the reaction mixture before work-up showed that the reactions performed at
5 and -20 °C were not finished after 68 hours, the reaction intermediates could
still be seen in the 'H-NMR spectrum. This explained the lower yield in these
experiments compared with the reaction at 25 °C. A new experiment at -20 °C
was therefore performed. This experiment showed that even after 6 days the
reaction was not completed. It was therefore concluded that low temperature did
not seem to give any improvement in the yield, and even if the yield could be
improved the very long reaction time would make the reaction unpractical.

3.3. Conclusion

The effects of different parameters in the nitration of pyridines with N,Os and
then sodium bisulfite were investigated to optimize the yields.

The number of equivalents of sodium bisulfite was found to be important in the
nitration reaction. Too many equivalents gave more of the sulfonic acid by-
product (41), to few equivalents gave low conversion.

The effect upon changes in polarity of the reaction media were investigated.
When the reaction was performed in a 3:1 methanol/water solution instead of
only water the yield of methyl 3-nitroisonicotinate (42) was increased.

When the reaction was performed at low temperatures no significant
improvement was observed, and the reaction time became unpractical long, more
than 6 days.

From the results obtained, a new procedure for nitration of pyridine (1) and
substituted pyridines was developed. In this new procedure named E, the N-
nitropyridinium nitrate (44) was poured into a solution of methanol/water (3:1)
containing three equivalents sodium bisulfite. This reaction was performede at
room temperature.

17
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Procedure E can for many of the substrates compete well with previous presented
procedures for nitration in aqueous sodium bisulfite solutions. This procedure do
not require pH adjustments of the water phase and is therefore simple to perform.
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4. The reaction mechanism of the nitration of pyridine

4.1. Previous investigations
4.1.1.Reaction outline

The reaction mechanism for the nitration of pyridines with dinitrogen pentoxide,

has been studied in great detail by several members of Prof. Bakke’s group, and

several papers have been published.!?**> Most of the mechanistic studies were

done by Dr. Eli Ranes and Dr. Jaroslav Riha and are described in their Dr.
theses.®’” The mechanism is complicated, and it is not a normal electrophilic

aromatic substitution reaction.* The reaction was found to proceed as described

in Scheme 4.1.

z
\ ©

SO;
N leo?
© | "o NO
HSO 2
p N S0 ANH
“y mo () VA
N NG HsG ©0,8" N “scf
S H
1 NOs NO, \ H_ SOs 36
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. l 2 HSOS
N
NO NO
35 = | 2
NS
24

Scheme 4.1. Proposed mechanism for the nitration of pyridine with

binitrogenpentoxide. The step in bold shows the step investigated by

the author.

Pyridine (1) reacts with dinitrogen pentoxide (DNP) in an organic solvent to give

N-nitropyridinium nitrate (30). On reaction of 30 with an aqueous solution of
SO,/ xH,0-HSO5", 1,2-dihydropyridine (34) and 1,4-dihydropyridine (35)

compounds were formed. 34 reacted rapidly, via 70 (not observed by NMR), to
give the tetrahydropyridine derivative (36),which gives 3-nitropyridine (24) on

URN:NBN:no-1302
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further reaction. The decrease in the concentration of 35 was followed by an
increase in the concentration of 3-nitropyridine (24). Originally it was not known
wheter 35 reacted directly to 24, or was in an equilibrium with 30 and reacted
through intermediate 34 to give 24. Dr. Jaroslav Riha later showed that 35 was in

an equilibrium with 30, which again was in equilibrium with 34.

The reaction step in bold shows the step where the nitro group migrates from the
ring nitrogen to the B -position. The mechanism for this step was not known. In
this project the goal was to find the correct mechanism for the migration.

4.1.2. The migration of the nitro group

The migration of the nitro group could take place either as a concerted reaction
by a [1,5]-sigmatropic shift, by migration in a solvent cage of a nitronium ion
(34b) or by migration of a nitrogen dioxide radical (34¢) formed by a heterolytic
cleavage of the N-N bond. The three different routes are shown in Scheme 4.2.

Dr. Eli Ranes found that the ionic mechanism could be excluded because a
change in the ionic strength of the reaction medium did not change the reaction

rate of the 1,2-dihydropyridine intermediate (34).°

Kinetic results from the reaction of the 1,2-dihydropyridine intermediate (34),
obtained by dr. Eli Ranes, also pointed toward a concerted mechanism. But the
reaction by a radical pair with a homolytic cleavage of the N-NO, bond could not

be ruled out.®

20
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Scheme 4.2. Possible pathways for the nitro group migration from 1 to 3 position
in the reaction intermediates.

A fourth possible mechanism where the nitro group migrated via the nucleophile
in 2-position could be ruled out due to the fact that two stereoisomers (cis and
trans) of the 1,4- tetrahydrointermediate (36) were observed at low temperature

by Dr. Eli Ranes.® A mechanism with migration via the nucleophile in 2-position
would give only one stereoisomer.

21
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4.2. Result and discussion

4.2.1. NMR studies of nitration of 3-substituted pyridines

With 3-substituted pyridines, an attack of the nucleophile in either 2- or 6-
position gives two different isomers (74 and 75). This is in contrast to pyridine
itself and 4-substituted pyridines, which give only one isomer, either the
nucleophile attacks at the 2- or the 6-position. This gives rise to two different
possible intermediates (76 and 77) as shown in Scheme 4.3. These different
intermediates made it possible to study the regioselectivity of the nitro group
migration. A regioselective migration would point toward a 1,5-sigmatropic shift,
and low or no regioselectivity would indicate a radical pair mechanism.

Nu
R
N
NO, S N N N
73 | - H

Scheme 4.3. Possible intermediates in nitration of 3-substituted pyridines with
dinitropentoxide.

The intermediates formed when 3-substituted pyridines were nitrated with
dinitrogen pentoxide and further reacted by sodium bisulfite were therefore
studied by low temperature NMR spectroscopy. Low temperature was needed in
order to slow down the reaction rate, so that the lifetime of the intermediates
would be long enough to obtain good NMR spectra.

22
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3-Acetylpyridine (78) and 3-methylpyridine (87) were chosen as substrates for
this study. They were the 3-substituted pyridines which had been nitrated with
best yields. Since the acetyl group is an electron-withdrawing group, and the
methyl group a electron-donating group, this would give an indication of whether
the electron-donating or withdrawing effect influenced the selectivity and the
reaction rate.

4.2.2.Intermediates in nitration of 3-acetylpyridine (78)

The nitration reaction for 3-acetylpyridine (78) was performed in an NMR tube,
using a 1:1 mixture of deuterated water and deuterated methanol as solvent.The

tube was inserted into the NMR probe cooled to -30 °C. At this temperature the
reaction rate was so low that the intermediates could be identified by "H NMR, as
well as, 'H-'H and 'H-'3C-correlation NMR spectroscopy.

Reaction of the 3-acetyl-N-nitropyridinium nitrate (79) with the nucleophile gave
the three intermediates 80, 81 and 82 as shown in Scheme 4.4.ina0.4:1.0:0.15
ratio. Intermediate 81 and 82 reacted rapidly with similar first order rate constant

(~4x10* s at 0 °C). The concentration of 80 was relatively constant, but with
a slow decrease during the reaction.

Hscig/ 79 \ 5

HOsS H O lHSOS-

80 ’}‘ SO3H
NO,
81

Scheme 4.4. Intermediates from the reaction of 3-acetyl-N-nitropyridinium
nitrate (79) with sodium bisulfite.
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In Figure 4.1. the variation of concentration of the different intermediates with

time are shown. The temperature was -30 ° C during the first 55 minutes, 0 °C for
the next 180 minutes and then +7 °C.

1,5

13 |

Area / Area TMS

01 50 100 150 200 250 300 350

Time (min)

Figure 4.1. Variation of concentration of the different intermediates with time.
The temperature was - 30 °C the first 55 minutes, 0 °C the next 180
minutes and then +7 °C.

Intermediate 82 was only observed at a low concentration, and it was therefore
not possible to have a certain identification of the product of its reaction.
However as the concentration of 82 decreased, an approximate equivalent
increase in concentration of 5-acetyl-3-nitropyridine (47) was observed. This
could suggest that 82 via its tetrahydropyridine intermediate (86) (not observed)
reacted to 47.

The decrease in concentration of 81 was accompanied by an increase in the
concentration of intermediate 83. The migration of the nitro group from the N- to

24
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the B -position is therefore regioselective. Intermediate 81 reacts via 85 to 83 and
not to 84 via 86 (Scheme 4.5.)
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Scheme 4.5. Reaction pathway for the migration of the nitro group in
intermediate 81 to intermediate 83.

In order to distinguish between intermediate 83 and 84 (Figure 4.2.), 'H-'*C
correlation NMR spectroscopy was used. In intermediate 83 proton 4 and 5 are

both bonded to sp? hybridized carbons, compared to 84 where proton 5 is bonded
to an sp® hybridized carbon. From 'H-!3C-correlation NMR spectroscopy one
found that proton 4 and 5 were bonded to carbons at respectively 131 and 123
ppm, typical shifts for sp? hybridized carbons. Together with the other NMR
results one could therefore conclude that 83 was the intermediate observed.

H CHg
OoN 4

5 X~

H Xy No

H H

N N

HO3S |  SO3H HO3S |  SO3H
83 84

Figure 4.2.Possible tetrahydro intermediates in nitration of 3-acetylpyridine (78)
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In the nitration of 3-acetylpyridine (78), 3-nitropyridine (24) was observed as a
by-product, when the NMR tube was left at room temperature overnight.
3-nitropyridine (24) was probably formed from intermediate 83, which by loss of
acetic acid and bisulfite gave 24 (Scheme 4.6.).

o) H3C
— NO»
N ZN—No, | N .
| - - + CH,COOH + 2 HSO,

H H H N/
N
| SOsH HO3S E, SO3H
NO» 24

83

81

Scheme 4.6. Possible reaction path for the formation of 3-nitropyridine (24) in
the nitration of 3-acetylpyridine (78).

4.2.3.Intermediates in nitration of 3-methylpyridine.

The results from 3-methylpyridine (87) were analogous to the those from 3-
acetylpyridine (78), but the reaction was considerably faster than with 78. This

made it necessary to run the NMR experiments at -50 to -55 °C in order to slow
down the reaction so it was possible to study the intermediates.

The 1,2-dihydropyridine intermediate (88a) from attack of the nucleophile on the
same side as the methyl group, and the 1,4-dihydrointermediate (88b) (Figure
4.3.) were the only dihydropyridine intermediates observed and even these

reacted fast at -55 °C. Good 'H and 'H-'H correlation spectra were obtained so

that the structures could be assigned. The '3C -!*H correlation spectra were in
accordance with the suggested structures for the intermediates.

The 3-methyl-1,4-tetrahydropyridine intermediate 89 was also identified by 'H

and 'H-'H correlation NMR at -55°C. 'H-!3C correlation spectra were in
accordance with the suggested structure (Figure 4.3.).

SO3H
CHs CH3 CHs
solNs e
NO», NO»y NOy
88a 88b 89

Figure 4.3. Intermediates in the nitration of 3-methylyridine.
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4.2.4. Yields in nitrations of 3-substituted pyridines

Generally nitration of 3-substituted pyridines gives low yields, around 15-35 %.
This can be explained from the results obtained from the low temperature NMR
spectroscopy studies. The nucleophile attacks at both the 2- and 6-position of the
3-substituted N-nitropyridinium nitrate (72). This gives two different
1,2-dihydrointermediates (74 and 75), which again react selectively to give two
different tetrahydro intermediates (76 and 77). Only one of them can give the 5-
substituted 3-nitropyridine (90) (Scheme 4.7.).

O,N

AR s HSOE e Y
H T T T H H -2 HSO3”
90,8” "N 00,87 N s09 N
R =~ NO; i O,N R
HSO5™ 75 76 7 |
\@ ~
HSOg N
No2
s HSO3 90
72 \N
so
| 3 N
SC3
NO, 4
74 77

Scheme 4.7. Reaction scheme for the reaction of 3-substituted N-nitropyridinium
nitrate with sodium bisulfite.

4.2.5. Viscosity of the solvent

White® has reported that in the nitramine rearrangement, in which the nitro group
is believed to migrate as a radical in a solvent cage, the yield of the reaction was
dependent of the viscosity of the solvent. Use of glycerol with high viscosity
increased the yield of nitrated product. This was explained by less tendency of the
intermediate solvent cage radical to dissociate in the high viscosity solution. If
the nitro group in the nitration reaction investigated in this chapter migrated as a
radical in a solvent cage, a similar result would be expected. Pyridine (1) was
therefore nitrated in a water solution and in a 60% glycerol solution in water. The
yields (from 'H-NMR with internal standard) was respectively 66 and 62%.
Similarly methyl isonicotinate (38) was nitrated in a 75% methanol in water and a
60% glycerol in water solution and the yields was respectively 63 and 57%.
These experiments show that increased viscosity did not increase the yield of
3-nitropyridines. These results, therefore did not support the theory that the nitro
group migrates as a radical in a solvent cage.
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4.3. Conclusion

The mechanism for the nitration of pyridine compounds has been investigated,
especially the migration of the nitro group was studied. Based on previous
investigations by other members of Prof. Bakke’s group'>**3 and the results
presented in this thesis, the mechanism is believed to be as described in

Scheme 4.8.
NO,
A NEH
SN s
[1,5] % 70
| A lHSOC;)
H
e
HS(i3/ NS0, _ N(I-)Iz
= | N,Os = | NO. H H
34
SN SN HSOy 08" N 83
o 3 ) H
1 NO; NO, N\ HsS 36
30
@ 2HsOY
N
NO, N0,
35 |
N\
N
24

Scheme 4.8. Reaction mechanism for the nitration of pyridine (1) with
dinitropyridine and sodium bisulfite.

Pyridine (1) reacts with N,O5 to form N-nitro pyridinium nitrate (30), which in
the aqueous solution is attacked by bisulfite to form either the 1,2-dihydrointer-
mediate (34) or 1,4-dihydrointermediate (35). The 1,4-dihydrointermediate (35)
is in an equilibrium with the N-nitropyridinium nitrate (30).> The 1,2-dihydroint-
ermediate (34) undergoes a [1,5] sigmatropic shift to give 70, which after
addition of another bisulfite group forms 36, which by loss of two bisulfite
groups yields the nitropyridine (24).

The low yields for 3-substituted pyridines were explained by the proposed
mechanism.
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Selective vicarious nucleophilic amination of 3-nitropyridines

5. Selective vicarious nucleophilic amination of
3-nitropyridines

5.1. Introduction

5.1.1. Vicarious nucleophilic amination of nitroaromatics

The concept of vicarious nucleophilic substitution of hydrogen in electron

deficient arenes was introduced by Makosza in the late 1970s.! The concept is
that the nucleophile carries a good leaving group (X) at its nucleophilic center.

This creates the possibility that the o H-adduct can eliminate both the leaving
group and the sp-hydrogen to give back the aromatic system.?

The example in Scheme 5.1. shows a nitrogen nucleophile, with a leaving group
X, reacting with 3-nitropyridine (24). 2-amino-5-nitropyridine (8) is obtained
after a base induced elimination of the sp>-hydrogen and X.

l -HX
o
N0 NEL)
A
< H o
HN" N L >
8

H N
92

Scheme 5.1. Mechanism for the vicarious nucleophilic substitution of hydrogen,
where X is a good leaving group.

The kinetics of the vicarious nucleophilic substitution reaction is described in
Scheme 5.2. The deprotonation of the nucleophile and protonation of the anionic

products are both fast and therefore not kinetically important under the applied

conditions.?
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S <
08 & eo\®/o
NO, N N
k1 k2 )
+ONuX — + X +BH
k-1 B
93 H Nu Nu
X
94 95

Scheme 5.2. Reaction scheme for vicarious nucleophilic substitution.

The overall rate for formation of 95 is assumed to be

W51 — 4 V(93] 5.1)

where kyyg is the observed rate constant.

As described in Scheme 5.2. the reaction can be divided into two steps. The rate
of formation of 95 from intermediate 94 can be expressed as:

OS] — , 1511941 (52)

Since it can be assumed that the ¢ H-adduct 94 is short lived, the steady-state
approximation can be applied, as described in equation 5.3:

d[3¢4] = ky - [Nul-1931—k_, - [94]1—k, - [B] - [94] = 0 (5.3)

Rearrangement of equation 5.3 gives the following expression for [94]:

[94] = IM (5.4)
k| +k,-[B]
Equation 5.4 is then inserted into equation 5.2:
d[95] _ ko ki [Nul-[93][B] (5.5)

di k +k, [B]
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This gives the following expression for kyyg:
ki-k,-[B]
ko= —L 2 70 (5.6)
NSk +k,y - [B]

Equation 5.6 can be simplified under certain conditions to Equation 5.7 and 5.8:2

k .

s = - o+ (81 when 221 (5.7)
— -1

kyys = Ky when k(5] » 1 (5.8)

-1

In equation 5.7 the reaction rate is first order in base concentration, and it
depends also on the base strength via the value of k,. In equation 5.7 the rate is

proportional to the equilibrium constant of the addition, K = k,/k ;. This can be
considered as a thermodynamic controlled process.? In equation 5.8. the base
does not effect the overall rate, and the VNS rate is identical with the rate of
formation of o H-adduct. This represents kinetic control in the reaction.

Nitrogen nucleophiles are relatively week nucleophiles compared to carbanion
nucleophiles, and normally have high & _; values. One would therefore normally

have the situation described in equation 5.2. for nitrogen nucleophiles, a
termodynamic controlled system, favouring the product having the most

termodynamic stable ¢ H-adduct. For nitroarenes this normally is para to the nitro
group.

Vicarious nucleophilic substitutions with nitrogen nucleophiles have proved to be
a useful tool for direct amination of nitroarenes.’® Reagents used are
hydroxylamine (96), 4-amino-1,1,2,4-triazole (98), 4-alkylamino-1,2,4-triazoles
(97) and sulfenamides (99) (Figure 5.1.).

HoN e
N \
HoN—~OH « WN « v R—S—NH,
96
97 98 99

Figure 5.1. Reagents used in vicarious nucleophilic amination of nitroarenes:
hydroxylamine (96), 4-amino-1,2,4-triazole (97) and 4-alkylamino-
1,2,4-triazoles (98) and sulfenamides (99).
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With use of hydroxylamine (96) the hydroxy anion is the leaving group together
with the sp3-proton. Price and Voong aminated 1-nitronaphthalene (100) with 96
to give 4-nitro-1-naphthylamine (101) in 55-60% yield (Scheme 5.3.).!!

NH,OH N2
B ———
EtOH
N
100 "2 NO2

101
Scheme 5.3. Amination of nitronafthalene (100) with hydroxylamine (96)

For 4-amino- or alkylamino-1,2,4-triazole (97, 98) the aromatization is facilitated
by the elimination of the 1,2,4-triazole ring. It has been reported that amination of
nitrobenzenes is regioselective when 4-amino-1,2,4-triazole is used, giving

exclusively the para-isomer.*>

Katrizky and Laurenzo aminated substituted nitrobenzenes (102) in good yield
with 4-amino-1,2,4-triazole (97) as aminating agent (Scheme 5.4.).4

NH2
N
o 7
N-N
R 97 R
NO
2 BU'OK NO2
DMSO HoN
102 103

Scheme 5.4. Amination of substituted nitrobenzenes (102) with 4-amino-1,2,4-
triazole (97).

Sulfenamides (RSNH,) (99) have also been proved to be effective in amination of

nitroarenes.® These reagents are stable if they have electron-withdrawing
substituents at the nitrogen atom.The reaction is not as selective as with 4-amino-

1,2,4-triazole (97).
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5.1.2. Amination of 3-nitropyridines

2-Amino-5-nitropyridines have previous been synthesized by oxidative
amination of nitropyridines in liquid ammonia,’ and by nitration of
aminopyridines. The nitramines formed were rearranged to amino-nitro
pyridines.® The disadvantage with both of these methods is the mixtures of
isomers obtained, which have to be separated.

Hydroxy, methoxy and halogens can be exchanged by an amine. Therefore, if the
the para hydroxy, methoxy or halogen substituted 3-nitropyridine are available,
one can produce the corresponding 2-amino-5-nitropyridine.

Seko and Miyake have reported the amination of a few 2- and 6-substituted
3-nitropyridines by use of O-methylhydroxylamine (104) as the aminating
agent.” However, 3-nitropyridine (24) and 4- or 5-substituted 3-nitropyridines
were not aminated by this method. The 6-substituted 3-nitropyridines were
aminated mainly in the 2-position, and the 2-substituted 3-nitropyridines mainly
in the 6-position.

Makosza and Bialecki aminated some nitropyridines by sulfenamides (99).
Amination of 4-ethoxy-3-nitropyridine (105) gave 2-amino-4-ethoxy-5-
nitropyridine (106) in 75% yield and amination of 6-methoxy-3-nitropyridine
(107) gave 2-amino-3-nitro-6-methoxypyridine (108) in 42% yield.'°
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5.2. Results and discussion

As shown in Chapter 5.1.2., there are three main reagents for amination of
nitroarenes: hydroxylamine (96), 4-amino-1,2,4-triazoles (97 and 98) and
sulfenamides (99). 96 and 97 have not previously been used on 4- or 5-
substituted 3-nitropyridines. Some sulfenamides (99) have earlier been used on 4-
ethoxy-3-nitropyridine (105) in good yield.

96 and 97 are both commercial available, but 99 have to be prepared from the

respective thiolates with ammonia and sodium hypochlorite.® Therefore it was
practical to do the vicarious nucleophilic amination using first hydroxylamine
(96) and then 4-amino-1,2,4-triazole (97) as aminating agents.

The procedures for amination by 96 and 97 were first optimized for
3-nitropyridine (24). This compound was available in a multigram scale in our
laboratories, from large scale nitration experiments. The procedures found to give
the best yields for amination of 3-nitropyridine (24) were then used on eight
substituted 3-nitropyridines and 4-nitroisoquinoline (61). The amination of the
different substituted 3-nitropyridines were not optimized for each substrate.

For experimental details see Chapter 9, where the procedures, melting points and
spectroscopical data for all products are given.

5.2.1. Amination of 3-nitropyridine with hydroxylamine

NO»
| "2 NH,OH (96) | X
Base =
N/ Solvent H2N N
24 8

Scheme 5.5. Amination of 3-nitropyridine (24) with hydroxylamine (96).

3-Nitropyridine (24) was reacted with hydroxylamine (96) as described by Price
and Voong.11 Ethanol was used as solvent and potassium hydroxide as base The

reaction mixture was heated at 50 °C for 2 hours. 2-Amino-5-nitropyridine (8)
was isolated in a 28 % yield (Entry 1, Table 5.1) as the only product in the
organic phase after extraction. This selectivity is in contrast to the poor selectivity

in the oxidative amination of 24 in liquid ammonia/KMnOy,.'
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Table 5.1 Results from amination of 3-nitropyridine (24) with hydroxylamine
(96)

Ekv. Ekv Cata- Temp. Rx.time Isolated
Solvent Base Base NH,OH lyst (°C) (h) yield (%)

1 EtOH KOH 5 3 - 50 2 2823

2 EtOH KOH 5 3 - 50 2 420

3 EtOH KOH 5 3 - 50 2 45¢

4 EtOH KOH 1 3 - 50 2 mixture
5 EtOH KOH 3 3 ZnCl, 50 2 51

6 EtOH KOH 5 3 ZnCl, 50 2 52

7  EtOH KOH 5 3 ZnCl, 22 16 54

8 MeOH BulOK 4 3 ZnCl, 22 16 42

9 H,O KOH 7 3 ZnCl, 22 16 26

10 DMSO ButOK 2 L5 ZnCl, 0 2 mixture
11 EtOH KOH 5 3 CuCl, 22 16 21

a) KOH added to a solution of hydroxylamine (96) and 3-nitropyridine (24)
b) Hydroxylamine (96) added to a solution of KOH and 3-nitropyridine (24)
b) 3-Nitropyridine (24) added to a solution of KOH and hydroxylamine (96)

Since the yield in the amination was low, further optimalization was necessary. In
the original procedure the base was added to a stirring solution of the nitroarene

and the hydrochloric salt of hydroxylamine. This gives a high concentration of

3-nitropyridine (24) compared to the concentration of base, and this could lead to
side reactions as inter- and intramolecular oxidations of the ¢ H-adduct by 24 (see

chapter 5.2.12. for a further discussion of side reactions).

In order to prevent these side reactions, the procedure was changed so that the
hydroxylamine (96) was added to the solution of base and 3-nitropyridine (24).
This would ensure that the base concentration was high compared to the
concentration of 24. This new procedure increased the yield to 42% (entry 2,
Table 5.1.), again with the same regioselectivity.

To make sure that the concentration of unreacted 3-nitropyridine (24) was low

compared to concentration of ¢ -adduct, the procedure was changed so that 24
was added to the solution of base and hydroxylamine (96) (entry 3, Table 5.1.).

URN:NBN:no-1302
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Now the yield was 45% of 2-amino-5-nitropyridine (8). An attempt to reduce the
amount of base to 1 equivalent resulted in a mixture of starting compound and
product (entry 4, Table 5.1.).

Seko and Miyake used the Lewis acid zinc dichloride as a catalyst in their
reactions with O-methylhydroxylamine (104) and claimed it to be essential for
the reaction.’ A slight increase in the yield was obtained when zinc dichloride
was used as a catalyst (entry 3 vs. entries 5, 6 and 7, Table 5.1.)

When the reaction was performed at room temperature instead of 50 °C, the
reaction time was increased from 2 to 16 hours, but the yield was essentially the
same (entry 6 vs. 7, Table 5.1.)

Since the yield still was only moderate by use of potassium hydroxide in ethanol,
some attempts to increase the yield by changing the base or/ and the solvent was
done.

Use of a stronger base such as potassium tert-butoxide in dry methanol, to give
potassium methoxide, resulted in a slightly lowering of the yield to 42 % (entry 8§,
Table 5.1.).

Water was tried as solvent and potassium hydroxide as base, but then only a 26%
yield of 2-amino-5-nitropyridine (8) was obtained (entry 9, Table 5.1).

Finally when the reaction was done in DMSO and with potassium zerz-butanol as
base a complex mixture of products was obtained.(entry 10, Table 5.1)

Attempts to change the Lewis acid from ZnCl, to CuCl, gave a yield of only
21 % (entry 11, Table 5.1).

In conclusion, the best yield (54 %) was obtained when 3-nitropyridine (24) was
added to a stirring solution of hydroxylamine (96) and base. Use of ethanol as
solvent and potassium hydroxide as base gave the best yield. Stirring at room
temperature overnight gave a slightly better yield than heating at 50 °C for 2
hours. These were therefore the conditions used in reactions with other
substrates, as described in the following chapters.

The advantage of this procedure was the use of inexpensive and ready available
reagents. No inert atmosphere was required, and the pure product was obtained
directly by evaporation of the organic phase after extraction, without further
purification.
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5.2.2. Amination of 3-nitropyridine (24) with 4-amino-1,2,4-triazole (97)

HoN< "IN
\=
NO NO
| AN 2 97 | AN 2
_— Base =
N Solvent HoN N
24 8

Scheme 5.6. Amination of 3-nitropyridine (24) with 4-amino-1,2,4-triazole (97).

Katrizky and Laureno have shown that 4-amino-1,2,4-triazole (97) can be used in

vicarious nucleophilic amination of substituted nitrobenzenes (102).*> We
therefore wished to investigate whether this method could be used on 3-
nitropyridine (24) and other substituted 3-nitropyridines.

3-Nitropyridine (24) was aminated with 4-amino-1,2,4-triazole (97) (Scheme
5.6.). First the original procedure by Katrizky was used and then different bases
and solvents were tried. The results are given in Table 5.2. In all reactions 2-
amino-5-nitropyridine (8) was the only isomer observed. The regioselectivity was
as good as for the amination with hydroxylamine (96).

Table 5.2. Results from amination of 3-nitropyridine (24) by 4-amino-1,2,4-
triazole (97).

Entry Solvent Base Rx time (h) Yield (%)
1 DMSO t-BuOK 5 76
2 DMSO t-BuOK 5 742
3 DMSO KOH 5 56
4 MeOH t-BuOK 5 -—--
5 MeCN t-BuOK 5 26
6 DMF t-BuOK 5 44

a) Base added to a stirring solution of 24 and 97.

When 3-nitropyridine (24) was aminated by the Katrizky procedure,*> 2-amino-
S-nitropyridine (8) was obtained as the only product in 76% yield (entry 1,
Table 5.2). The only change from the original procedure was that the reaction
was run in a more dilute solution. In some introductory experiments this seemed

39

URN:NBN:no-1302



Selective vicarious nucleophilic amination of 3-nitropyridines

to be favorable. This can be explained by that 3-nitropyridine (24) has a higher
reactivity than nitrobenzene (93) toward nucleophiles, as 24 is more electron
deficient.

In entry 1, 24 was added to a stirred solution of potassium ferz-butanol and
4-amino-1,2,4-triazole (97) in DMSO. When the procedure was changed so that
the base was added to a DMSO solution of 24 and 97, the yield was 74% (entry
2,Table 5.2.).

Use of potassium hydroxide as base instead of potassium zerz-butanol reduced the
yield to 56 % (entry 3, Table 5.2). When the reaction was performed in methanol
instead of DMSO, no product was observed (entry 4, Table 5.2).

Acetonitrile and DMF as solvents gave yields of 26 and 44%, respectively
(entries 5 and 6, Table 5.2.).

In conclusion, the original procedure used on nitrobenzene (93) proved to be the
best also for 3-nitropyridine (24). This procedure was therefore used for the 5-
and 4-substituted 3-nitropyridines aminated in the following chapters.

5.2.3. Amination of 4-methyl-3-nitropyridine (49)

4-Methyl-3-nitropyridine (49) was first aminated with hydroxylamine (96) and
potassium hydroxide in methanol with ZnCl, as catalyst.

CHg CHj
NO . NO
AN 2 HoN-X A 2
— Base | —
N Solvent HoN N
49 109

Scheme 5.7. Amination of 4-methyl-3-nitropyridine (49).

After heating to 50 °C for 2 hours, 2-amino-4-methyl-5-nitropyridine (109)
could be isolated in a 25 % yield. When the reaction conditions were changed to
stirring at room temperature overnight the yield increased to 42 %.

By following the reaction on GC, this reaction was found to be slower than the
reaction with 3-nitropyridine (24), and extra base and hydroxylamine had to be
added to get complete conversion. The difference in reactivity can be explained
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by the fact that the methyl substituent is electron-donating and therefore makes
4-methyl-3-nitropyridine (49) less electrophilic than 3-nitropyridine (24).

Amination of 4-methyl-3-nitropyridine (49) with 4-amino-1,2,4-triazole (97) in
DMSO and potassium #-butoxide as base gave a 61% yield.

In both systems the isomer with the amine para to the nitro group was the only
isomer obtained. No diamination was observed. The melting point and
spectroscopic data for the product from both methods were in accordance with
data reported in literature.

2-Amino-4-methyl-5-nitropyridine (109) has previous been made by nitration of
2-amino-4-methylpyridine (110) followed by rearrangement of the resulting
nitramine. This gave a 2:1 mixture of 2-amino-4-methyl-5-nitropyridine (109)
and 2-amino-4-methyl-3-nitropyridine (111). After sublimation a yield of 47 %

109 was isolated.®

5.2.4. Amination of 5-methyl-3-nitropyridine (46)

5-Methyl-3-nitropyridine (46) was aminated by hydroxylamine (96) in ethanol
with potassium hydroxide as base and ZnCl, as catalyst.

HaC NO
HaC NO . 3 2
3 | X 2 HoN-X | N
Base =
=
N Solvent HoN N
46 112

Scheme 5.8. Amination of 5-methyl-3-nitropyridine (46).

A 56% yield of 2-amino-3-methyl-5-nitropyridine (112) was obtained as the only
product. The reaction was monitored by GC, and more base and hydroxylamine
(96) had to be added to get a complete conversion.

46 was also aminated with 4-amino-1,2,4-triazole (97) in DMSO with potassium
tert-butoxide as base. After five hours the reaction was not complete and more
base and 97 was added, and the reaction stirred for one more hour. 112 was
isolated in a 59 % yield.

The low reactivity in both reactions can be explained by the electron donating
methyl group, and also by possible steric hindrance from the methyl group in the
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5-position on the 3-nitropyridine. But in spite of this possible steric hindrance the
regioselectivity was the same. The para isomer was the only observed isomer.

The melting point and spectroscopic data for the products obtained from both
methods were in accordance with literature data.

2-Amino-3-methyl-5-nitropyridine (112) has previous been synthesized by

nitration of 2-amino-3-methylpyridine (9), followed by a rearrangement of the
resulting nitramine. This gave 90 % yield of 112.%

5.2.5. Amination of methyl 3-nitroisonicotinate (42)

Methyl 3-nitroisonicotinate (42) was aminated by hydroxylamine (96) in dry
methanol with sodium methoxide as base and ZnCl, as catalyst.

HaC™ 0 HaC” N
N NO5 HoN-X SN NO,
Base |
N/ Solvent HoN N/
42 113

Scheme 5.9. Amination of methyl 5-nitroisonicotinate (42).

Methanol as solvent and methoxide as base were chosen because an attack on the
ester group from the base would give the methyl ester back and not the acid as
would be the case if hydroxide was the base. This reaction gave methyl 2-amino-
S-nitroisonicotinate (113) in a 30 % yield.

Amination of 42 in DMSO with 4-amino-1,2,4-triazole (97) and potassium-tert-
butoxide, gave only a 11 % yield of 113.

Esters can react with nitrogen nucleophiles as hydroxylamine, giving the

N-hydroxyamides. An example is shown in Scheme 5.10.!7 This would give
water soluble by-products which are eliminated by extraction.
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CHs
| 0\ NH_
0x© NHo0H (96) OH
KOH
MeOH
114 115

Scheme 5.10. Reaction of methyl benzoate (114) with hydroxylamine (96) to give
N-hydroxy benzamide (115).

No literature references were found for methyl 2-amino-5-nitroisonicotinate

(113). Elemental analysis was in good accordance with calculated values. The
spectroscopical data was also in accordance with the suggested structure.

5.2.6. Amination of 4-cyano-3-nitropyridine (54)

Amination of 4-cyano-3-nitropyridine (54) both with hydroxylamine (96) and
4-amino-1,2,4-triazole (97) gave a mixture of several products.

CN CN
NO NO
X 2 HoN-X AN 2
+ Several
— Base —
N Solvent HoN N by-products
54 116

Scheme 5.11. Amination of 4-cyano-3-nitropyridine (54)

For the reaction with 97 a GC-MS of the product mixture was performed. One of
the peaks in the GC chromatogram had a MS spectrum with a peak at 164 m/z. 2-

Amino-4-cyano-5-nitropyridine (116) has a M peak at 164 m/z, so probably
some of the desired product was formed. The products in the reaction mixture
were not separated.

One possible side reaction for 54 is substitution of the nitro group. Dr. Eli Ranes
showed in her Dr. thesis that when 54 was reacted with sodium azide in DMSO,

3-azido-4-cyanopyridine (117) was formed in 82% yield.'?
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Cyano groups can also react with nitrogen nucleophiles as shown in Scheme
5.12.1® This reaction would produce by-products in the amination reaction.

N HN NH

I Nk
NHoOH

96

OH

118 119
Scheme 5.12. Reaction of 4-cyanobenzene (118) with hydroxylamine (96).

5.2.7. Amination of 4-(1,3-dioxolan-2-yl)-3-nitropyridine (53)

As the aldehyde group of 4-pyridinecarboxaldehyde (120) is very reactive, it has
to be protected in order to be nitrated and aminated. The aldehyde was protected
with ethyleneglycol to give 4-(1,3-dioxolan-2-yl)-pyridine (121), which was
nitrated to give 4-(1,3-dioxolan-2-yl)-3-nitropyridine (53) (for details see Chapter
2).

53 was aminated with hydroxylamine (96) in ethanol with KOH as base and
ZnCl, as catalyst. 2-Amino-4-(1,3-dioxolan-2-yl)-5-nitropyridine (122) was
obtained in 47 % yield as the only isomer.

O

HoN X H
NO» NO»

H

Base

\
//
Solvent HoN N

53 122

O
AN
=
N

Scheme 5.13. Amination of protected 4-carbaldehyde-3-nitropyridine (53).

53 was also aminated with 4-amino-1,2,4-triazole (97) in DMSO with potassium
t-butoxide as base. 122 was obtained in a 47 % yield.
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Elemental analysis was in good accordance with calculated values. The
spectroscopical data were also in accordance with the suggested structure.
No literature references were found for 122.

5.2.8. Amination of 4-acetyl-3-nitropyridine (37)

An attempt to aminate 4-acetyl-3-nitropyridine (37) with hydroxylamine (96) in
ethanol with KOH as base resulted in a mixture of several products on GC. The
carbonyl group is electrophilic and is easily attacked by nucleophiles. The
4-acetyl-3-nitropyridine (37) was therefore protected with ethyleneglycol to give
4-(2-methyl-1,3-dioxolan-2-yl)-3-nitropyridine (123) in 86 % yield.

123 was aminated with hydroxylamine (96) in ethanol with KOH as base and
ZnCl, as catalyst. Additional 96 and base had to be added to get complete

conversion. 2-Amino-4-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine (124) was
isolated in a 63 % yield as the only isomer.

o> o T

H3C o] o)
NO X NO
| N 2 Base | AN 2
=
N/ Solvent HoN N
123 124

Scheme 5.14.Amination of protected 4-acetyl-3-nitropyridine (123) to yield
2-amino-4-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine (124).

123 was also aminated with 4-amino-1,2,4-triazole (97) in DMSO with ¢-
butoxide as base. 124 was obtained in a 65%.

Elemental analysis was in good accordance with calculated value. The
spectroscopical data were also in accordance with the suggested structure.
No literature references were found for 124.

124 was deprotected in a 66% hydrochloric acid solution in a 98 % yield of
2-amino-4-acetyl-5-nitropyridine (125). No literature references were found for
125. Spectroscopical data for the product were in accordance with the suggested
structure.
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5.2.9. Amination of 4-phenyl-3-nitropyridine (55)

4-Phenyl-3-nitropyridine (55) was aminated with hydroxylamine (96) in ethanol
with KOH as base and ZnCl, as catalyst. Additional 96 had to be added in order
to obtain complete conversion. 2-Amino-4-phenyl-5-nitropyridine (126) was
obtained in a 64 % yield.

HoN-X
NO» B
X ase SN NO»
_ Solvent | P
5N5 HoN™ N
126

Scheme 5.15. Amination of 4-phenyl-3-nitropyridine (55) to yield
2-amino-4-phenyl-5-nitropyridine (126).

55 was also aminated with 4-amino-1,2,4-triazole (97) in DMSO with potassium
tert-butoxide as base. 126 was obtained in 79 % yield.

Elemental analysis was in good accordance with calculated values. Melting point
and spectroscopic data were in accordance with the proposed structure. No
references for 126 were found in literature.

5.2.10. Amination of 5-phenyl-3-nitropyridine (56)

5-Phenyl-3-nitropyridine (56) was aminated with hydroxylamine (96) in ethanol
with KOH as base and ZnCl, as catalyst. 2-Amino-3-phenyl-5-nitropyridine
(127) was isolated in 35 % yield.
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NO5 HoN-X
N Base | ~N
—_—
N/ Solvent N/
56 127

Scheme 5.16. Amination of 4-phenyl-3-nitropyridine (56) to yield
2-amino-3-phenyl-5-nitropyridine (127).

5-Phenyl-3-nitropyridine (56) was also aminated with 4-amino-1,2,4-triazole
(97) in DMSO with potassium tert-butoxide as base. 2-Amino-3-phenyl-5-
nitropyridine (127) was isolated in 66% yield.

Melting point and spectroscopical data were in accordance with literature.

127 has previous been synthesized from reaction of 5-nitropyrimidine (128) with
o-phenylacetamidine (129) in 86% yield.'® Neither of the starting compounds in
this synthesis are commercially available.

5.2.11. Amination of 4-nitroisoquinoline (61)

4-Nitroisoquinoline (61) was aminated with hydroxylamine (96) in ethanol with
KOH as base and ZnCl, as catalyst. 1-Amino-4-nitroisoquinoline (130) was

isolated as the only isomer in 23% yield.

NO» NO»
N HoN-X N
N Base N
130
61 Solvent NH,

Scheme 5.17. Amination of 4-nitroisoquinoline (61) to yield 1-amino-
4-nitroisoquinoline (130).
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4-Nitroisoquinoline (61) was also aminated with 4-amino-1,2,4-triazole (97) in
DMSO with potassium tert-butoxide as base. 1-Amino-4-nitroisoquinoline (130)
was isolated as the only isomer in 65 % yield.

Elemental analysis was in accordance with the suggested structure. The melting
point was found to be 277.0-280.0 °C. A Japanese patent reports a melting point
at 283-287 °C,'3 but another reference reports the melting point to be

approximately 250 °C.'* The spectroscopical data were in accordance with the
literature data.

Since there were no reports in the literature of the other possible isomer, 3-amino-
4-nitroisoquinoline (131), NMR analyses were necessary to prove that the

isolated product was 130 and not 131 (Figure 5.2.). The '"H-NMR-spectrum of the
product showed a singlet at 8.97, apparently belonging to the proton in the

pyridine ring. From a 'H-'3C correlation spektra the corresponding carbon signal
was assigned to be the signal at 147 ppm in the '*C-spectrum. A gated decoupled

I3C-NMR spectrum was recorded to study the coupling constants of this carbon
in order to find out whether it was carbon 1 in 131 or carbon 3 in 130.

NO» NO5
NH

X2 S

N AT I=183Hz
8 /D J =180 -190 Hz

H NH»
J=5Hz
130

131

Figure 5.2.Two possible isomers for the product from amination of
4-nitroisoquinoline (61) with expected coupling constants respectively
for carbon 1 in 131 and carbon 3 in 130.

Carbon 3 in 130 do not have any geminal or vicinal protons, so the only expected
coupling would be to the proton which it is directly bounded to. Carbon 1 in 131
would in addition to coupling to the carbon it is bounded to, also have a small
coupling to the proton at carbon 8. Dr. Jaroslav Riha showed in his dr. thesis'®
that in 4-amino-3-chloroisoquinoline (132) carbon 1 had a coupling constant of
5.1 Hz to the vincinal proton at carbon 8. Gated decoupled 3C-NMR
spectroscopy of the observed carbon showed a doublet with a coupling constant
of 183 Hz. No small coupling constant at around 5 Hz was observed.
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The conclusion is therefore that the obtained product was the para isomer 130.

5.2.12. General trends and side reactions

The yields of substituted 2-amino-5-nitropyridines (134) from amination of ten
different nitropyridines (133) with both hydroxylamine (96) and 4-aminotriazole
(97) are given in Table 5.3. Details are presented in the chapters describing each

—_—

substrate.
R
NO»
AN HoN-X
/ Base
N
133

Solvent

HoN

NO
AN 2

=
N

134

Scheme 5.18. Amination of substituted 3-nitropyridine (133).

Table 5.3 Yields (isolated) for the amination of R-3-nitropyridine (133) to give
R-2-amino-5-nitropyridine (134).

R X= X= 4-amino- R Details in
(133) NH,OH 1,2,4-triazole (134) chapter:
H (24) 54 76 H (8) 52.1.,52.2.
4-CH; (49) 42 61 4-CHj; (109) 5.2.3.
5-CHj; (46) 56 59 3-CH; (112) 5.2.4.
4-CO,CH; (42) 30 11 4-CO,CH; (113)  5.2.5.
4-CN (54) mix mix 4-CN (116) 5.2.6.
4-CHOA (53) 47 47 4-CHOA (122) 5.2.7.
4-COCH;A (123) 63 65 4-COCH5A (124) 5238
4-Ph (55) 64 79 4-Ph (126) 5.2.9.
5-Ph (56) 35 66 3-Ph (127) 5.2.10.
4-nitroisoquinoline 23 65 1-Amino-4-nitro ~ 5.2.11.
(61) isoquinoline (130)

A) Protected as dioxolan

URN:NBN:no-1302

49



Selective vicarious nucleophilic amination of 3-nitropyridines

It is difficult to find some general trends for the effect of the different
substituents, because there are several side reactions that can influence the yields.
Three possible side reactions are substitution of the nitro group, inter or intra
molecular oxidation of the o -Hadduct (Scheme 5.19.) or reactions on the
substituents.

Electron withdrawing substituents make the nitropyridine more electrophilic.
Such substrates would react faster with the nucleophiles than 3-nitropyridine
itself. However if the ring becomes to electron deficient the nitro group might be
substituted. It have been reported that the nitro group in 4-cyano-3-nitropyridine

(54), can be substituted with an azide in good yield.'? This is one possible
explanation of the poor yields of 54 and methyl 3-nitroisonicotinate (42)

When the system is activated by an electron withdrawing substituent the rate of

the inter- or intramolecular oxidation of the ¢ -adduct may also be higher, leading
to by-products like 135, 136 and 137 (Scheme 5.19.).

Intramolecular |
>

NO NO,
Z | ? NHR AN R 136
NS H = —
N ) N
24
e O (Y U

Intermolecular

135

Scheme 5.19. Pathway for inter- and intramolecular oxidation of the o —adduct
(92) in the oxidative aminations of 3-nitropyridine (24)

For the 4-cyano-3-nitropyridine (54) and methyl 3-nitroisonicotinate (42) the

nucleophile could react with respectively the carbonyl or cyano group to give by-

products. 617

The amination procedure with hydroxylamine (96) is probably more suitable than
the 4-amino-1,2,4-triazole (97) for large scale synthesis. It uses inexpensive
reagents, no inert atmosphere is needed and extraction gives the products without
further purification. The 4-amino-1,2,4-triazole (97) procedure require use of
DMSO as a solvent and use of an inert atmosphere.

In general 97 gave better yields than hydroxylamine (96). Methyl 5-nitroisonico-
tinate (42) was the only substrate for which 96 gave the best yield. The 4-amino-
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1,2,4-triazole (97) system is particularly better for 5-phenyl-3-nitropyridine (56)
and 4-nitroisoquinoline (61).

In general the amination reaction was much faster with the 4-amino-1,2,4-triazole
(97) system. This indicates that this system is a more powerful aminating system.
A stronger base is used and the 1,2,4-triazole ring is probably a better leaving
group than the hydroxyl group. This could explain the better yields for 56, which
has a large phenyl group that could cause steric hindrance for the nucleophilic
attack.

4-amino-1,2,4-triazole (97) is also a bulkier nucleophile than hydroxylamine (96)
and this may lead to less substitution of the nitro group.

Many of the aminated products have not been reported before. The vicarious
nucleophilic amination is competitive for all the products reported earlier except
for the 2-amino-3-methyl-5-nitropyridine (112). For 112 the nitramine
rearrangement gives only the para isomer, as the two ortho positions are blocked.

5.3. Conclusion

Nine different substituted 3-nitropyridines together with 4-nitroisoquinoline (61)
have been aminated by two different methods. Both methods gave selectively
substituted 2-amino-5-nitropyridines. With a few exceptions the substrates were
aminated in good yield. Several of the products reported have not been previously
reported. Especially the 4-substituted 2-amino-5-nitropyridines have been
difficult to synthesize by other methods.

By this a general method for the selective preparation of 3- and 4-substituted 2-
amino-5-nitropyridines was obtained. This selectivity is difficult to achieve by
other methods as the nitramine-rearrangement or oxidative aminations.

The use of hydroxylamine (96) is the simpler and cheaper method. All the
reagents are inexpensive, the procedure is simple and does not require an inert
atmosphere, and the work-up procedure is very easy. This procedure should
therefore be suitable for large scale preparations.

The use of 4-amino-1,2,4-triazole (97) gave better yields for most of the
substrates, but require the use of inert atmosphere and DMSO as solvent. This
procedure could be the preferred procedure for small-scale preparations.
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6. The selective oxidative amination of 3-nitropyridines

6.1. Introduction

6.1.1. Oxidative nucleophilic substitution of hydrogen

Nucleophilic substitution of halogens in halonitroarenes is a well known process
of great practical value, and has been known for more than 100 years.!>* Later
one found that in present of an oxidating agent one could selectively substitute a
hydrogen instead of the halogen. The two different reaction paths are outlined for
p-chloronitrobenzene (138) in Scheme 6.1. The oxidative nucleophilic
substitution of hydrogen (ONSH) takes place by that the nucleophile attack at a
carbon attached to a hydrogen and forms a o™ adduct (139). Since a hydride
anion can not act as a leaving group, 139 must be oxidized and deprotonated to
give back the aromatic system.

Cl Nu Nu

cl / NOy NO,y
140 141
+ Nu

cl
NO, cl
138 o
H —_—
) Nu Nu
N02 N02
139 142

Scheme 6.1. Two different routes for reaction of p-chloronitrobenzene (138) with
a nucleophile.

6.1.2. Mechanism of oxidative amination

An outline of the mechanism is given in Scheme 6.2.with nitrobenzene (143) as
example. The nucleophile adds reversible to the ring carbon to form a ¢ adduct
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(144). This adduct can either react further to the products of the nucleophilic
substitution of hydrogen or it can dissociate back to the starting compounds. A

hydride anion is removed from the o adduct by oxidation to give the substituted

product.
k1 I(2
+ NU —— o H —
K, NG Ox Nu
NO, NO> NO»
143 144 145

Scheme 6.2. Reaction scheme for the oxidative nucleophilic substitution of
hydrogen.

The overall rate for formation of product 145 is assumed to be

d[14s] _

i koxan - [Nul-[143] 6.1

where kgxan 1S the observed rate constant

The reaction is assumed to follow the pathway in Scheme 6.2. If the
concentration of oxidant is assumed to be constant during the reaction, and the
steady state approximation can be used on intermediate 144, then:

ki ky - [Ox]
k -1 2 6.2
For details on how the expression for kgxan Was found see Chapter 5.1.1.
Equation 6.2 can be simplified under certain conditions to Equation 6.3 and 6.4:

k .
koxam = Ell-k2~[0x] when k2 [le] «1 (6.3)
koxam =k when M » 1 (6.4)

-1

In equation 6.3 the reaction rate is first order in oxidating agent concentration,
and it depends also on the oxidating agent strength via the value of k,. The rate is

proportional to the equilibrium constant of the addition (KM =k /k _,), this can be
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considered as a thermodynamic controlled process. In equation 6.4 the oxidating
agent does not effect the overall rate and the oxidation rate is identical with the

rate of formation of ¢ H-adduct (144). This represents kinetic control in the
reaction.

6.2. Oxidative amination of azaaromatics>°

6.2.1. Introduction

Van der Plas and Wozniak have reported oxidative amination of a number of
azaaromatics.>® Reaction with KNH, or NH; as nucleophiles in liquid ammonia
and KMnOj, as oxidizing agent makes a whole range of aminated azaaromatics
available. The regioselectivity can, in some cases, be controlled by using the right
reaction conditions, especially the temperature is important. Generally at low
temperature the regioselectivity is under kinetic control and the position of
addition is determined by the electron density at the ring carbons. However, at
higher temperatures the position of addition is more determined by the
thermodynamic stability of the ¢ ' adduct formed.” This is illustrated in Scheme
6.3. where low temperature amination of quinoline (147) gives 1-aminoquinoline
(148) via attack at the less electron dense carbon 2. At higher temperature attack
at carbon 4, giving the most termodynamic stable ¢ H-adduct, is favoured and 4-
aminoquinoline (146) is formed.

NH,
Xy, 1- KNHy/ NH, m 1. KNH,/ NH, N
N <~ 2.KMnO
& 2 KMno, N 4 N NHy
o
146 +10° 147 - 60 148

Scheme 6.3. Amination of quinoline by KNH, in NH~z/ KMnO, at different

temperatures.’

In some cases the o H-adducts are stable enough to be identified by 'H- and '3C-

NMR spectroscopy. This shows that the reactions go via these o adducts, and
by studying the stability of these adducts it is possible to predict what will be the
preferred product when the reaction are under termodynamic control. In Scheme
6.3. the o adduct 149 from attack at C4 carbon has the most stable resonance

structures, leaving one aromatic ring intact in two of the resonance structures
(149a and 149b, Figure 6.1.).
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H NH, H. NH,
| ¢°
<>
© —
N N)
149a 149b

Figure 6.1. Resonance structures of the most termodynamic stable o' adduct
(149) from amination of quinoline (147)

6.2.2. Oxidative amination of 3-nitropyridines

Wozniak and coworkers have aminated some 3-nitropyridines by the liquid
ammonia/ KMnO, method at -33 °C.” Amination of 3-nitropyridine gave a
mixture of 2-amino-3-nitro-pyridine (9) (33 %, yield), 4-amino-3-nitro-pyridine
(150) (24 %, yield), 2-amino-5-nitro-pyridine (8) (19%,yield) and 2,6-diamino-3-
nitropyridine (151) (2 %, yield) (Scheme 6.4.).

NO»
O T O GG
—
N NH,, -33 °C NH, H2N
24 151

Scheme 6.4. Oxidative amination of 3-nitropyridine (24) by liquid ammonia /
KMnO, at -33 °C

In this reaction no intermediate o -adduct was observed by '"H-NMR
spectroscopy. The equilibrium between 3-nitropyridine (24) and the amino

o " adduct were assumed to be so far to the left that its concentration was too low
to be detected by 'H-NMR spectroscopy. The authors concluded that the
observed regioselectivity could be explained by coulombic interactions.This
means that the system is under kinetic control and that the nucleophilic attack is
controlled by the electron density at the different ring carbons.

Some substituted 3-nitropyridines were aminated by the same method.” 4-
Chloro- 3-nitropyridine (152) gave 8 % yield of 2-amino-4-chloro-3-
nitropyridine (153), 54 % yield of 2-amino-4-chloro-5-nitropyridine (154), 10 %
yield of diaminated product (155) and some substitution of the chloro substituent.
When the 6-position was blocked by a substituent, attack in 2-position was highly
favoured over the 4-position.
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Wozniak and Szpakiewicz also reported that when 3-nitropyridine (24) was

reacted with methylamine and potassium permanganate at -7 °C, a 65% yield of
2-methylamino-5-nitropyridine (156) and 3% of the di-methylaminated product

(157) were obtained.® Some chloro, methoxy and amino substituted
3-nitropyridines could also be metylaminated.

6.3. Results and discussion

6.3.1. Aminination of 3-nitropyridines with ammonia

Reported amination of 3-nitropyridine (24) with KMnO, in liquid ammonia at

-33 °C gave a mixture of isomers.” The possible intermediates leading to the three
different isomers (8, 9 and 150) are shown in Scheme 6.5.

NO, - - H NH,
NH -
‘ NS K, 3 % NO, P NO, NO,
_ + + ‘
N k.4 N/ NS H _—
24 H,N N NH, N
158 159 160
k2 | KMnO,
NH,
N
‘ O N0 N0
+ + |l
=
= =
HN N N NH, N
8 9 150

Scheme 6.5.Outline of the reaction steps in the oxidative amination of
3-nitropyridine with ammonia/KMnO,.

At low temperature these oxidative nucleophilic substitutions of hydrogens
(ONSH) are often under kinetic control, and the nucleophilic attack is controlled
by the electron density of the ring carbons. Calculations have shown that when
the system is under charge control attack at carbon 2 (159) is favored over carbon
6 (158) witch again is favored over carbon 4 (160).” Some examples in the
literature have indicated that at higher temperatures the selectivity is under
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termodynamic control.’> We therefore wished to investigate the amination with
ammonia/KMnO, at higher temperatures.

The low boiling point of ammonia made use of other solvents necessary.

There are also some limitations due to the reaction conditions. The use of the
strong oxidizing agent KMnO, made the use of alcohols and other easily
oxidizable solvents impossible, since they would be readily oxidized and
deactivate the KMnQO,. Another limitation was the solubility of ammonia in the
solvents to be used. A third problem was oxidation of the nucleophile (ammonia).
In liquid ammonia, the solvent also being the nucleophile, some oxidation of
ammonia was no problem. But when other solvents were used the concentration
of ammonia was important. Oxidation of ammonia might then lower the
concentration of the nucleophile considerably.

3-Nitropyridine (24) was aminated by ammonia and KMnO, in different solvents

and under different conditions (Scheme 6.6.). The results from these oxidative
aminations are given in Table 6.1.
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Solvent 2

NHy
NO, NO NO NO» OoN NO,
2 2
/
N KMNO, - N N N” “NHp NTONHN
24 8 150 9 161

Scheme 6.6.Product from amination of 3-nitropyridine (24) with ammonia/
KM}’IO4

Table 6.1. Reaction of 3-nitropyridine (24) with ammonia in the presence of
KMnO, to give 2-amino-5-nitropyridine (8), 2-amino-3-nitropyridine
(9), 4-amino-3-nitropyridine (150) and di-2-(5-nitropyridyl)amine

(161)..
Reaction Composition (%) GC
time (h) Conversion
Solvent Conditions (%) GC 8 o 150 161
Water, NH 3 28% Stirring 20 20 7 3 10 -
Water, NH 5 28% Supersonic 3 80 68 1 11 -
mixing
DMSO, NH; 3 80 43 02 37 -
atmosphere
DMSO/t-BuOK 50/ 6 78 59 - 19 -
50, NH; atmosphere
DMSO/Water 75/25, 15 85 37 - 1 47
NH; 7%
DMSO/Water 75/25, Stream of 15 90 88 - 2 -
NH; 7% NHj passed
through 66°

a) Isolated yield

Use of ammonia (28 %) in water at room temperature was tried. This resulted in a
low conversion even with a large excess of both KMnO,4 and ammonia. A
mixture of the three isomers were observed by GC. The ratio was similar to the
ratio observed in liquid ammonia at -33 °C,” but slightly less of the 4-amino-3-
nitropyridine (150) was observed. A major problem in this reaction system was
the low solubility of 3-nitropyridine (24) in the water solution, making this
reaction partly heterogeneous. This system seemed to be under kinetic control
(equation 6.4, chapter 6.1.2.).
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In order to increase the homogeneity of the system, supersonic mixing was used.
This greatly increased the rate of reaction and, the conversion increased from 20
to 80 %. A much higher selectivity was also observed. The para isomer (8) was
the favoured isomer, in contrast to the liquid ammonia system’ where it was the
minor isomer.

By using DMSO as a solvent the problem with solubility of 24 was solved, but
the solubility of ammonia in DMSO was not very good. The reaction in DMSO
was therefore performed under a NH; atmosphere. Now the reaction was fast and
the conversion good, but the selectivity between 8 and 150 was poor. Only traces
of the 2-amino-3-nitropyridine (9) was observed. This low selectivity was
probably caused by the high activity of the permanganate anion in DMSO, due to
the high degree of solvatisation of the permanganate anion in the polar aprotic
DMSO solution. The ¢ -adducts were oxidated before an equilibrium was
obtained (kinetic control), as described in equation 6.4 in chapter 6.1.2.

An experiment with a 50/50 mixture of DMSO/ ¢-butanol under a NH;
atmosphere was tried in an attempt to increase the solubility of NH; in the solvent
and reduce the activity of KMnO,. The reaction was slower (6 vs. 3 hours) and
the selectivity between 8 and 150 was better (59/19 vs. 43/37), but still not good.

To obtain thermodynamic control in the system k,[Ox] must be considerably
smaller than k _; (Equation 6.3, chapter 6.1.2.). This means that the equilibrium
reaction must compete effectively with the oxidation of the ¢ -adduct. In a
thermodynamic controlled system the product originating from the most stable
o -adduct will be the main product obtained. One could assume that the adduct
with the nucleophile in para position to the nitro group would be the most stable
isomer for steric reasons. In the benzene series it has been shown that a nitro
group in para position to the carbon attacked by the nucleophile is more capable
of resonance stabilization, than a nitro group in the ortho position'?.

By changing the solvent to a DMSO/water (saturated with ammonia) system, the
activity of KMnO, should be further reduced, making sure that the rate of
oxidation of the adducts is not too fast compared to the rate of equilibrium.The
experimental results showed that the reaction was slower, and in this case a high
selectivity for the para-isomer (8) was obtained.

In this system the initial concentration of ammonia was 7 %, and during the
reaction this was reduced both by reaction with 3-nitropyridine (24) and by
oxidation with KMnOy,. This allowed the amine 8 formed in the reaction to

effectively compete with ammonia as a nucleophile. Therefore the di-2-(5-nitro-
pyridyl)amine (161) was formed as the main product (Scheme 6.7.).
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—_ = —>
KMnO, KMnO, “ NG
NH
161

Scheme 6.7. Route to formation of di-2-(5-nitropyridyl)amine (161).

This side reaction was suppressed by bubbling NH; into the solution and thereby
maintaining a constant concentration of ammonia, and now the 2-amino-5-

nitropyridine (8) was obtained with good selectivity in a good yield. The isolated
yield of 8 was 66 %.

These result show that the oxidative amination of 3-nitropyridine can be selective
if the right reaction conditions are used. In order to get high selectivity one must
have a system under thermodynamic control.

6.3.2. Oxidative amination of 3-nitropyridines with primary amines

Wozniak and Szpakiewicz reported that several nitropyridines reacted with
KMnOj, in liquid methylamine at -7 °C. Reaction of 3-nitropyridine gave a 65%
yield of 2-methylamino-5-nitropyridine (156) together with a 3% yield of
2,6-dimethylaminopyridine (157).8 Based on these results and the results
presented in chapter 6.3.1. from the oxidative amination with ammonia, 3-
nitropyridine (24) was reacted with KMnO, in liquid n-butylamine (162) at room
temperature (Scheme 6.8.).

HoN™ N
NO, 2 162 NO2
® - ®
NG KMnO, AN N

Scheme 6.8. Oxidative amination of 3-nitropyridine (24) by n-butylamine (162)
and KMnO,
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From this reaction a 92 % isolated yield of 2-butylamino-5-nitropyridine (163)
was obtained. GC analysis of the reaction mixture showed only around 2% each
of the two ortho isomers.This procedure was very simple, 3-nitropyridine (24)
was dissolved in the n-butylamine (162) and some more KMnO4 was added
every hour until the conversion was complete. No inert atmosphere was used.

NO H2N1/cg\/\ NO
X2 N | X2
=
N~ KMnO, NN N
55 166

Scheme 6.9. Oxidative amination of 4-phenyl-3-nitropyridine (55) by n-
butylamine (162) and KMnO,

4-Phenyl-3-nitropyridine (55) was reacted with n-butylamine (162) and KMNO,
as described for 3-nitropyridine (24). 2-n-Butylamino-4-phenyl-5-nitropyridine
(166) was isolated in a 75% yield. Only trace of the ortho-isomer (167) was
observed by GC. The reaction was also performed with a mixture of DMSO/ n-
butylamine (1:1). This reaction was faster and 166 was isolated in 81% yield.

t-Butyl N-(3-nitropyridin-4-yl) carbamate (168) was reacted with n-butylamine
(162) as solvent and nucleophile and with KMnO, as oxidant (Scheme 6.10.).

o ﬁ
I >< A
HN 0 H2N/1§/\ 07 NH

NO
NO» > AN 2
| N KMnO, |
—
N DMSO ZNTSNH N

Scheme 6.10.Oxidative amination of 4-(tert-Butoxycarbonylamino)-3-
nitropyridine (168) with n-butylamine (162) and KMnO,

After four hours of stirring, no conversion was observed so DMSO was added to
give a 1:1 solution of n-butylamine/ DMSO. After two more hours the reaction
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was stopped. A 56% yield of t-Butyl N-(2-n-butylamino-5-nitropyridin-4-yl)
carbamate (169) was isolated. Some unreacted starting material (168) was
recovered. No other products were observed. This experiment shows that
oxidative amination can be used on substrates with sensitive substituents, like
carbamates, in reasonable yields.
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6.3.3. Oxidative amination of 3-nitropyridines with secondary amines

The result from reaction of different 3-nitropyridines by n-butylamine made it
natural to try the oxidative amination of 3-nitropyridines with a secondary amine.
KMnO, was therefore added to a stirred solution of 3-nitropyridine in
diethylamine (170). In this reaction no conversion of the 3-nitropyridine (24) was
observed. The solubility of KMnQ, in diethylamine (170) was low. Mixtures of

170 and other solvents were therefore used in the amination reaction (Scheme
6.11.). The results are given in Table 6.2.

Et_,
NO NO
X O2  Diethylamine (170) /Ej/ 2 @/Noz @ 2
| e | £
N/ KMnO, t\N N/ + N/ + N/ N t
| |
Et 171 172

24 Solvent

173  Et

Scheme 6.11. Oxidative amination of 3-nitropyridine (24) by diethylamine (170)
and KMnO,.

Table 6.2 Results from oxidative amination of 3-nitropyridine (24) with
diethylamine (170) at 20 °C.

Solvent Conversion para-isomer ortho-isomers
(% in diethylamine) 24 h GC (%) (%, GC) (%, GC)
171 172 +173
100% Diethylamine 0 —— e
50% DMF 90 75 25
5% DMF 70 87 13
75% Ethyl acetate 6 90 10
75% Diglyme 65 45 55
50% Diglyme 52 66 34
75% Water <t e e
75% DMSO 98 (60%) 98 2
A) Isolated yield

Use of polar solvents like DMF and diglyme increased the conversion, probably
due to increased solubility of and thereby also increased activity of KMnO,.

Reaction in DMF and diglyme gave acceptable conversion after 24 hours, but the
selectivity was very low. Ethylacetate gave a low conversion, probably because
of low solubility of KMnO,. When water was used as solvent a very low
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conversion was observed. In this reaction heat was evolved probably from
oxidation of diethylamine by KMnO,.

When the reaction was performed in 75 % DMSO the conversion was almost
complete and the selectivity for the para isomer was very good (98:2). Work-up
of this reaction gave a 60 % isolated yield of 2-diethylamino-5-nitropyridine
(171).

The reaction system with DMSO/diethylamine (170) (75/25) was used on some
4-substituted 3-nitropyridines (40) (Scheme 6.12.). The results are given in Table

6.3.
R
R
NO,
NO, DMSO/ Diethylamine N
AN
_— Et_ _
N/ KMnO4 ’I‘ N
40 et 174

Scheme 6.12. Amination of 4-substituted 3-nitropyridines (40) with diethylamine
(170)/ KMnO,.

Table 6.3 Reaction of 4-R-3-nitropyridines (40) with diethylamine (170)/DMSO

25/75 and KMnOyat 22 °C.
R Product Yield (%)
CN 2-Diethylamino-4-cyano-5-nitropyridine (175) 41
COOCH;  2-Diethylamino-4-methoxycarbonyl-5-nitropyridine (176) 48
COCH; A 4-Acetyl-2-diethylamino-5-nitropyridine® (177) 72

A) Protected with ethylene glycol

As seen in Table 6.3., the DMSO/diethylamine (170) system gave moderate to
good yields for the different 4-substituted-3-nitropyridines (174). The
4-cyano-3-nitropyridine (54) gave a 41 % yield of 2-diethylamino-4-cyano-
S-nitropyridine (175). This is not a high yield, but compared to the vicarious
nucleophilic substitutions in Chapter 5. were no aminated product was observed
for the 4-cyano-3-nitropyridine (54) it is an important improvement. The yield for
4-methoxycarbonyl-3-nitropyridine (42) was 48 %. This is also higher than the
yield in the vicarious nucleophilic substitution. For the protected
4-acetyl-3-nitropyridine (123) the yield is similar to the yields in the vicarious
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nucleophilic substitution. No literature data for the products in Table 6.3. were
found.

6.3.4. Limitations and side reactions

The use of KMnO, makes some limitations for these reactions. As mentioned
earlier solvents that is easily oxidized can not be used, because the solvent would
be oxidized instead of the ¢ H-adducts.This exclude all alcohols, except ¢-butanol.
Also DMSO can be oxidized to dimethyl sulfone (178). This was observed., and
dimethyl sulfone (178) was identified by its signal at 3,15 ppm in '"H-NMR
spectra.'? This made the use of excess KMnO, necessary and made the work-up

procedure more complicated, since 178, which is a solid, had to be separated
from the amine product. Oxidations with KMnO4 produced solid MnO, which

had to be removed during the work-up.

The amines used as nucleophiles can be oxidized by KMnO,. In acidic solution
the majority of amines are resistant to oxidation, but in alkaline solution the
primary, secondary and tertiary amines are usually attacked with ease. KMnO,
removes hydrogen from the amino group to give a radical which subsequently
undergoes various transformations.” With primary amines, the radical formed by
loss of hydrogen usually rearranges to an imine. The imine can hydrolyze to
ammonia and carbonyl compounds.’ With secondary amines the radical first
dimerizes to a tetra-substituted hydrazine which may then undergo further
reactions.” Ammonia itself is slowly oxidized by permanganate to a mixture of
products, mainly nitrogen, nitrites, and nitrates.!!

The product from the oxidative amination can also react either as a nucleophile to
give a dimer, or be oxidized. Both these reactions would decrease the yield of the
desired amination product. Reaction to dimer was normally no problem since a
large excess of the nucleophile was used. An exception was ammonia in DMSO/
water where the initial concentration of the nucleophile was low. Here oxidation
of ammonia was a problem. The problem with oxidation of the amine product,
must be controlled by a correct balance between amount of KMnO, and the
amine nucleophile. The concentration of product must be low compared to the
concentration of the nucleophile.

These several possible side reactions in the oxidative amination of
3-nitropyridines, makes it important to optimize each reaction. Small changes in
properties of the amine or the nitropyridine substrate might change the delicate
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balance between desired oxidative amination and undesired side reactions,
lowering the yields.

6.4. Conclusion

New methods have been developed to selectively aminate 3-nitropyridine (24) in
the para position, providing 2-amino-5-nitropyridine (8) in good yield, with high
regioselectivity. This is in contrast to oxidative aminations with liquid ammonia
and KMnOj, at -33 °C, which give a 33:24:19 mixture of the three possible

regioisomers.” The selectivity was achieved by performing the reaction at room
temperature and using DMSO as the solvent.

n-Butylamine (162) and diethylamine (170) were also used as nucleophiles in
oxidative amination, yielding 2-alkylamino-5-nitropyridines (179) with high
regioselectivity. Sometimes the amine was used as both solvent and nucleophile,
but in many cases a mixture of DMSO/amine was the best solvent. For
diethylamine (170) other solvents than DMSO was tried without success.

The high regioselectivity is explained by that under the reaction conditions used,
the reaction is under thermodynamic control and not kinetic control as in liquid

ammonia at -33 °C.

The method developed makes it possible to aminate 3-nitropyridines with
substituents that is not stable under the basic conditions used in the vicarious
nucleophilic substitution reactions. E.g. 4-cyano-3-nitropyridine (54) and methyl
3-nitroisonicotinate (42) were aminated in respectively 41 and 48 % yield.
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7. Nucleophilic alkylations of 3-nitropyridines

7.1. Introduction

7.1.1. Reactions of aromatic and heteroaromatic compounds with
C-nucleophiles

Carbon-carbon bond formation is of great importance in organic synthesis. Much
work has been done on reaction of carbon nucleophiles with nitroarenes,
especially nitrobenzenes. Some work has also been done on 3-nitropyridines.

If the nitropyridine contains a good leaving group such as methoxy or a halogen,
this group can be substituted with a carbon nucleophile, forming a new carbon-

carbon bond as shown in Scheme 7.1.2

O| Q o) o)
OMe >0 181 0”3 H3C\O O/CH3
N02
XX 1. Na, Et,0 N NO,
=
N 2. DMF N/
180 182
91 %

Scheme 7.1. Substitution of the methoxy group in 4-methoxy-3-nitropyridine
(180) by the dimethyl malonate anion.>

If the substrate does not contain a leaving group, nucleophilic substitution can be
done by e.g. vicarious nucleophilic substitution of hydrogen (VNS) and oxidative
nucleophilic substitution of hydrogen (ONSH).
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Vicarious nuleophilic substitution

w L = Leaving group
RA{ ) W = Electron withdraving groupe
L R = H or Alkyl

Figure 7.1. Carbon nucleophile for vicarious nucleophilic substitutions

Many carbanions with the structure [R(W)-C-L]" (Figure 7.1.), where L
represents a leaving group (Cl, PhO, PhS, etc.) and W is an electron withdrawing
group (CN, COR, COOR, SO,Ar, etc.) stabilizing the formation of the

carbanion, have been used in vicarious substitution of hydrogen.! One example is
shown in Scheme 7.2. where Cl is the leaving group (L), and SO,Ph is the

electron-withdrawing group (W).3

(e}
NO3 Cl/\S//\ NO>
/7" Ph
183 ©
/O
1. KOH ZaS
' Cl 184 9 ‘pn
Ci 2. DMSO
138 69 %

Scheme 7.2. Vicarious nucleophilic substitution on 4-chloronitrobenzene (138)
with chloromethyl phenyl sulfone (183).3

With the proper nucleophile the vicarious substitution is faster than conventional
substitution of halogen or other good leaving groups.’

Oxidative nucleophilic substitution

Makosza and co-workers reacted nitroarenes with the 2-phenylpropanenitrile

carbanion (185) in an oxidative nucleophilic substitution of hydrogen.’ Scheme
7.3. shows the reaction between nitrobenzene (143) and the 185, which gave a
90% yield of 2-(4-nitrophenyl)-2-phenylpropanenitrile (186).
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NC Na'* NO2

NO
2 \ - KMnO 4 NC
+ /C—Ph ”
3
H3C Ph

_70
143 185 8°C

Chy186

90%

Scheme 7.3. Oxidative nucleophilic substitution of nitrobenzene (83) with 2-
phenylpropanenitrile carbanion (185).°

7.1.2. Reactions of 3-nitropyridines with C-nucleophiles

Makosza and Owczarczyk reacted 3-nitropyridine (24) and 2-substituted

5-nitropyridines (187) with chloroform and potassium #-butoxid.* This yielded
the corresponding dihalides (188) (Scheme 7.4.) in a vicarious nucleophilic
substitution reaction. For 24 the hydrogen in 4-position was replaced. In 2-
methoxy-5-nitropyridine (107) the hydrogen in position 6 was replaced and with
2-chloro-5-nitropyridine (189), the substitution occurred both at 4 and 6 position.
The total yields were from 72 to 90 %.

Cl Cl
NO CHC|3
| X2 2 tBuOK N2
e
/ THF / DMF 1 : 1 ‘ _—
0,

-78 °C

187 188

Scheme 7.4. Reaction of 3-nitropyridines(24) with chloroform and potassium
t-butoxide.*

Makosza and co-workers also reacted 4-ethoxy-3-nitropyridine (105) with ethyl
dichloroacetate (190) and potassium #-butoxide in DME The product was ethyl

chloro-(4-ethoxy-5-nitropyridine-2-yl)acetate (191) in 71% yield (Scheme 7.5.).
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OEt
SN Niz ] ﬁ t-BuOK
NG \O/\CHCIZ ouF
105 190

Et

Scheme 7.5. Reaction of 4-ethoxy-3-nitropyridine (105) with ethyl
dichloroacetate (190).

Makosza and Ludwiczak reacted 4-methoxy-3-nitropyridine (105) and
chloromethyl phenyl sulfone (183) in DMSO with potassium z-butoxide as base®.
4-ethoxy-3-nitro-2-[(phenylsulfonyl)methyl]pyridine (192) was isolated in 77 %
yield. Notice that the nucleophile attacked in the ortho position to the nitro group,
in contrast to ethyl dichloroacetate (190) which attacked in the para position
when the 4-position was blocked (Scheme 7.5. vs. Scheme 7.6.).

Ot
OEt 0 NO»
NO, | t-BuOK, DMSO N

N Ph—S _— =
+ —/\ —
G ‘cl cl y
N 192 L
105 183 \

Ph

Scheme 7.6. Reaction of 4-methoxy-3-nitropyridine (105) with chloromethyl
phenyl sulfone (183).

Some examples of oxidative nucleophilic substitution of 3-nitropyridines is also
known. Makosza and Stalinski reacted 4-ethoxy-3-nitropyridine (105) with the

carbanion of 2-phenylpropanenitrile (185) in the presence of KMnO, as oxidant’.
2-(Ethoxy-5-nitropyridine-2-yl)-2-phenylpropanenitrile (192) was isolated in a
43% yield.
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OEt
OFt o 1. NaNH,, NH, “
02 2. DMF N 2
L N H Ph
N/ CH3 3. KMnO, N/
105 185 HaC™ on 192
Scheme 7.7. Reaction of 4-ethoxy-3-nitropyridine (105) with
2-phenylpropanenitrile carbanion (185) and KMnO,.”
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7.2. Results and discussion

As 3-nitropyridines now are readily available from the nitration method
developed in Prof. Bakkes group, it was natural to study their reactivity toward
carbon nucleophiles. Especially 4-substituted 3-nitropyridines (40) have been
particularly difficult to obtain, and therefore very little chemistry have been done
on these compounds. A good starting point was to use known procedures and try
them on new substrates. Since Makosza and Owczarczyk? have used chloroform

as a vicarious nucleophilic substitution on some 3-nitropyridines, this was tried
first.

7.2.1. Chloroform as nucleophile

No 4-substituted 3-nitropyridines (40) were reacted with chloroform by Makosza
and Owczarczyk. They studied the regioselectivity for the reaction with
3-nitropyridine (24) and 2-substituted 5-nitropyridines (187).* For these
compounds the hydrogen in 4- and/or 6-position were substituted depending on
the substituent.

Two problems are described for these reactions. The first is the stability of the
chloroform carbanion, which can dissociate to dichlorocarbene (193). The second
problem is the instability of nitroarene dihalide carbanions, produced in the VNS
reaction.These are known to undergo a variety of reactions, mainly via single-
electron transfer, which can result in dimerization and polymerization.

As a start Makosza and Owczarczyk’s results* were repeated (Scheme 7.8.).

3-Nitropyridine (24) was reacted with chloroform, with potassium #-butoxide as

base, at -78 °C in a 1:1 mixture of THF and DMF. 4-Dichloromethyl-3-
nitropyridine (194) was isolated in a 57% yield (Scheme 7.8.).

Cl Cl
CHCI
NO 3
X 2 t-BuOK 02
| — THF /DMF 1: 1 , /
N N
24 -78 °C 194
Scheme 7.8. Vicarious nucleophilic substitution of 3-nitropyridine (24) with
chloroform.

This was in accordance with Makosza and Owczarczyk’s results. The 'H-NMR
spectrum of the product was in good accordance with the "H-NMR data reported
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in literature.* The 4-position was clearly the favored position for substitution in
3-nitropyridine (24).

Since 4-substituted 3-nitropyridines (40) have not been reacted under these
conditions before, their reactivity and regioselectivity were studied.

4-(2-Methyl-1,3-dioxolan-2-yl)-3-nitropyridine (123) was reacted with
chloroform in THF/DMEF (1:1) at -78 °C with potassium z-butoxide as base

(Scheme 7.9.).
(™ 0
O—f~cH,4 0 CH3
B No2 ok O
P T T o L
123 -78°C 105

Cl
Scheme 7.9. Vicarious nucleophilic substitution of 4-(2-methyl-1,3-dioxolan-2-
vl)-3-nitropyridine (123) with chloroform.

2-(Dichloromethyl)-4-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine (195) was
isolated in a 83% yield. GC analysis of the crude product showed only traces (1-
2%) of other products, which were not isolated and characterized. The position of

the substituents were assigned by 'H-NMR spectroscopy. No references to this
compound were found in literature.

4-Phenyl-3-nitropyridine (55) was reacted with chloroform in THF/DMF (1:1) at
-78 °C with potassium t-butoxide as base (Scheme 7.10.).

CHCI 5
o NO2 uok
e
N THF /DMF 1:
55 197 cl

-78 °C

Scheme 7.10. Vicarious nucleophilic substitution of 4-phenyl-3-nitropyridine
(55) with chloroform.
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An approximately 5:1 mixture of 2-(dichloromethyl)-4-phenyl)-5-nitropyridine
(196) and 2-(dichloromethyl)-4-phenyl)-3-nitropyridine (197) was isolated in
72 % total yield. 11 % of the starting compound was recovered. The two isomers

were not separated, and were identified by "H-NMR spectroscopy. GC-MS of the
product mixture showed two compounds which both had the right molecular ion.

4-Methyl-3-nitropyridine (49) was reacted with chloroform in THF/DMF (1:1) at
-78 °C with potassium #-butoxide as base (Scheme 7.10.).

CHg CHj
CHCI
NO 3 NO
A 2 t-BUOK | XX 2
_— =
& THF / DMF 1 : 1 ol e
-7 0
49 8°C L 198

Scheme 7.11. Vicarious nucleophilic substitution of 4-methyl-3-nitropyridine
(49) with chloroform.

GC analyses of the crude product showed that if contained approximately 60 %
starting material (49) and 40 % product (198). Purification of the crude product
yielded 38 % of 2-(dichloromethyl)-4-methyl-5-nitropyridine (198). The

structure of 198 was assigned by '"H-NMR spectroscopy.

The low reactivity of this substrate can be explained by the electron donating
methyl group, which makes the nitropyridine less electrophilic.

4-Nitroisoquinoline (61) was reacted with chloroform in THF/DMF (1:1) at
-78 °C with potassium #-butoxide as base (Scheme 7.12.).

NO, CHCl4 NO,
t-BuOK
AN N
N THF /DMF 1 : 1 N
61 -78 oC 199
cl” ~cl

Scheme 7.12. Vicarious nucleophilic substitution of 4-nitroisoquinoline (61) with
chloroform and potassium t-butoxide.
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1-(Dichloromethyl)-4-nitroisoquinoline (199) was isolated in 69% yield. Starting
compound was recovered (10 %), and only traces of other products were
observed by GC analysis.

The position of the substituent in the product was identified by NOE and gated

decoupled 3C-NMR spectroscopy. The two possible isomers (199 and 200) are
shown in Scheme 7.13.

NO»
NO;z cJ
\Q/)H Cl
Q 1 ,L J =190 HZ
= 1
199 C/ CéN
H H cl | 7 | X J=180-190 Hz
A H H
200

NOE

Scheme 7.13. Two possible products from reaction of 4-nitroisoquinoline (61)
with chloroform.

Irradiation of the proton in the CHCI, group, gave a positive NOE effect of 3.6 %
on what must be the proton at carbon 8 (199, Scheme 7.13.). The other possible
isomer (3-(dichloromethyl)-4-nitroisoquinoline) (200) would not be expected to
have any NOE effect by irradiation of the CHCI, proton. The proton in the
pyridine ring was identified, and the corresponding carbon was identified by C-H
correlation spectroscopy. A gated decoupled '*C-NMR spectrum showed that this
carbon was a doublet with a coupling constant at 190 Hz. This is also in
accordance with the 199 isomer. For 200 one would for the C-1 carbon expect an
additional vicinal coupling to the C-8 proton at about 5 Hz. Dr. Jaroslav Riha in
his Dr. thesis observed a coupling constants at 183.8 and 5.1 Hz for the C-1

carbon in 3-chloro-4-amino-isoquinoline (132).2

In conclusion, the reaction of 4-substituted 3-nitropyridines (40) gave mainly
substitution para to the nitro group, but for 4-phenyl-3-nitropyridine (55) some
ortho substitution was also observed.
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7.2.2. Methyl chloroacetate and ethyl 2-chloropropionate as nucleophiles

Some introductory experiments with methyl chloroacetate (201) and ethyl
2-chloropropionate (203) as nucleophiles were performed. These reagents both
have an activated carbon containing a chloro substituent that can act as a leaving
group. They should therefore be suitable candidates for vicarious nucleophilic
substitution reactions, and they are both commercially available. These reagents
have not previously been used as vicarious nucleophilic substitution reagents in
reaction with 3-nitropyridines.

None of these experiments were optimized, and more work has to be done on
these reaction before any general conclusions can be made. But these
experiments could gives some useful information about the reactivity of 3-
nitropyridines toward carbon nucleophiles.

First 3-nitropyridine (24) was reacted with methyl chloroacetate (201) in THF
with potassium ¢-butoxide as base (Scheme 7.14.).

o
~~13
Cl | o-CHa o
NO
| X3 2 201 SN NO»
_ =
_ : |
N t-BuOK N/
24 THF

202

Scheme 7.14.Reaction of 3-nitropyridine (24) with methyl chloroacetate (201)
and potassium t-butoxide.

The reaction was performed at room temperature. Methyl (3-nitropyridin-4-yl)
acetate (201) was isolated as the only isomer in a 63% yield, only traces of other
products (2-3%) were observed by GC analysis of the crude product. The position
of the substituent in the isolate product was assigned from "H-NMR
spectroscopy. No references to this compound were found in the literature.

Different 4-substituted 3-nitropyridines (40) were then reacted with 201 in THF
with potassium #-butoxide as base (Scheme 7.15.). The substituents tried were (2-
methyl-1,3-dioxolan-2-yl), phenyl and methyl.

All of these reactions gave mainly starting compound and a mixture of several
other products.
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0}
R CI\)\O/CH3
NO 201
X 2
N/ t-BuOK
40 THF

Scheme 7.15. Attempts to react 4-substituted 3-nitropyridines (40) with methyl
chloroacetate (201) and potassium t-butoxide.

Ethyl 2-chloropropionate (203) was tested as vicarious nucleophilic substitution
reagent by reacting it with 3-nitropyridine (24) in THF with potassium #-butoxide
as base (Scheme 7.16.).

(0]
\
No, © 203 et NO,
= | CH, g
NS
N BU'OK

24 205 zoe

THF

Scheme 7.16. Reaction of 3-nitropyridine (24) with ethyl 2-chloropropionate
(203) and potassium t-butoxide.

The reaction was performed at room temperature. An approximately 1:1:1
mixture (GC) of 3-nitropyridine (24), ethyl 2-(3-nitropyridin-4-yl)propionate
(205) and ethyl 2-(5-nitropyridin-2-yl)propionate (206) was identified in the
crude product. The two product isomers (205 and 206) were identified by 'H-
NMR spectroscopy. The two isomers were not separated and not further
characterized.
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7.2.3. General trends

For 3-nitropyridine (24) the 4-position was the preferred carbon for substitution
both for the chloroform and methyl chloroacetate (201) anion nucleophile. The
ethyl 2-chloropropionate anion (203) nucleophile gave an approximately 1:1
mixture of 4- and 6-substitution.

This distinct difference in regioselectivity between 201 and 203 under the same
reaction conditions might be explained by more steric hindrance for the latter
nucleophile. This may have changed the equilibrium constant for the reaction
between 3-nitropyridine (24) and the nucleophile, and by this give more of the
most termodynamic stable product. The difference in termodynamic stability for
the ortho and para intermediates would be larger with a more bulky nucleophile,
favoring the para product. It has been reported that the vicarious nucleophilic
substitution reaction is very sensitive to the steric hindrance created by the nitro
group. Carbanions with substantial steric hindrance tend to react in positions para

to the nitro group.'®!!

When the 4-position was blocked by a substituent, reaction with chloroform gave
preferably 2-dichloromethyl-4-substituted 5-nitropyridines in good yields. A
exception was the 4-phenyl-3-nitropyridine (55) where also some of the ortho
isomer 197, was observed. The electron donating methyl group gave a low
conversion, but high selectively for the para isomer, while the electron
withdrawing phenyl group gave high conversion but lower regioselectivity.

Methyl chloroacetate (201) did not react under the conditions used when the 4-
position in 3-nitropyridine was blocked by a substituent. Apparently the 2- and 6-
position was not activated enough.
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7.3. Conclusion

Some 4-substituted 3-nitropyridines (40) were reacted with chloroform in
vicarious nucleophilic substitution reactions. For all substrates substitution of the
hydrogen in the para position to the nitro group were favored. Substituents like
(2-methyl-1,3-dioxolan-2-yl) and methyl gave the para isomer with high
selectivity, only traces of the ortho isomer were observed. When the substituent
was a phenyl group an approximately 5:1 mixture of the para and ortho isomer
was observed.

When methyl chloroacetate (201) was tried as vicarious nucleophilic substitution
reagent, 3-nitropyridine (24) was substituted in the 4-position. With the
4-position blocked by substituents no vicarious nucleophilic substitution were
observed.

The more bulkier nucleophile ethyl 2-chloropropionate (203) gave a 1:1 mixture
of substitution at the 4- and 6- position in 3-nitropyridine (24).

83

URN:NBN:no-1302



Nucleophilic alkylations of 3-nitropyridines

7.4.

nhw

~

10.

11.

84

URN:NBN:no-1302

References

O. N. Chupakhin, V. N. Charushin, H. C. van der Plas, Nucleophilic
aromatic substitution of hydrogen, Academic press, 1994, pp 41-49
S. P. Gromov, M. M. Bkhaumik, Y. G. Bundel, Khim. Geterotsikl.
Soedin., 4, 488-96 (1987).

M. Makosza and J. Golinski, J. Org. Chem., 49, 1488 (1984).

M. Makosza and Z. Owczarczyk, J. Org. Chem., 54, 5094 (1989).

M. Makosza, K. Sienkiewicz and K. Wojciechowski, Synthesis, 850
(1990).

M. Makosza and S. Ludwiczak, Pol. J. Chem., 72, 1168 (1998).

M. Makosza and K. Stalinski, Synthesis, 1631 (1998).

J. Riha, Synthesis and transformations of 3-nitropyridines, Dr. ing.
thesis, NTNU, 2000.

M. Makosza, K. Stalinski and C. Klepka, Chem. Commun., 837
(1996).

M. Makosza and A. Kwast, J. of Physical Organic Chemistry, 11, 341
(1998).

Makosza, B. Chylinska and B. Mydryk, Liebigs Ann. Chem. 8 (1984).



Transformations of 3-nitropyridines

8. Transformations of 3-nitropyridines

8.1. Introduction

In Prof. Bakke’s group several members have been working with parallel
strategies toward the synthesis of some substituted pyridines. Two interesting

target molecules have been substituted 3,4-diaminopyridine (213) and substituted
1,3-dihydro-2H-imidazo[4,5-c] pyridin-2-one (214). The key molecules for both

of these molecules were the nitrated carbamates (210) (Scheme 8.1.). Two
synthetic routes starting from methyl isonicotinate (38) and 4-aminopyridine
(208) were chosen for synthesis of 210.

(0] (o)

NS \CH3 NH2
® ®
N N

38 208

(0]
o X
| N ? | ~ HN o/R1
=
N/ N AN NOZ
42 209 |
Ro s
NH N
‘ 211
. / \ o
o) NH )J\ /R»] )J\ /R1
Xy 2 HNT o HNT O
NH
N NO, SN NO, AN 2
N/ N R2 N p —HorNHR
210 212
52
R, = Me (220) i
R,= t-Bu (221)
o)
NH, NH_</
| X2 A NH
R P
R, = H or NHR Rz N° Rp=HorNHR

213 214

Scheme 8. 1. Synthetic route to substituted 3,4-diaminopyridines (213) and
substituted 1,3-dihydro-2H-imidazo[4,5-c[pyridin-2-one (214).
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3,4-Diaminopyridine (215) and imidazo[4,5-c]pyridines (219) have previous
been synthesized by Dr. Jaroslav Riha by a similar strategy (Scheme 8.2.).! The

overall yield of 215 was 66% from 208.
The imidazo[4,5-c]pyridines (219) were synthesized in 52 - 65 % overall yield

from 208.
NH» NHCOR NHCOR
NO
XX | X | XX 2
_— — P
N N N
208 216 / 217
NH, NHCOR
NO NH»
| XX 2 | AN
N N
150 218

| SN NH2 N N
N | G
215 219

Scheme 8.2. Syntetic route to 3,4-diaminopyridine (215) and imidazo
[4,5-c]pyridines (219).

8.2. Results and discussion

The key compound in the synthetic route in Scheme 8.1. is the nitrated carbamate
210, which was assumed to be available from a three step synthesis starting from
available methyl isonicotinate (38). The nitration of 38 have been reported in
Chapter 3, in 75 % yield. In order to find out if this route was a good alternative
the two last steps in this synthesis were investigated.
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CHs CHs
1.N,O NO
AN 2~'5 | AN 2
) 2Nahsos P
28 MeOH/H,0 45

Scheme 8.3. Nitration of methyl isonicotinate (38).

Methyl isonicotinate (38) was nitrated by N,O5 and sodium bisulfite in methanol/

water as described in procedure E, Chapter 3. Methyl 3-nitroisonicotinate (42)
was isolated in 75 % yield.

(0] (0]
Xy CHs O§ NHo
NO NH
A 2 3 X NO,
/
N N/
42 52

Scheme 8.4. Synthesis of 3-nitroisonicotinamide (52) from reaction of methyl 3-
nitroisonicotinate (42) and ammonia.

The procedure for conversion of the methyl ester group to an amide was based on

a literature procedure for the benzene analogue.? Methyl 3-nitroisonicotinate (42)
was dissolved in 28 % aqueous ammonia solution and refluxed. The solvent was
evaporated and the crude product was purified by flash chromatography to give a
74 % yield of 3-nitroisonicotinamide (52).

o)

o) NH Il
X2 CH
N NBS HN/\O/ 3

NO AgOAc
S 2 N NO,
MeOH |
N/ DMF N/
52 220

Scheme 8.5. Hofmann rearrangement of 3-nitroisonicotinamide (52).
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The amide substituent in 3-nitroisonicotinamide (52) was transformed by a
Hofmann rearrangement to the methyl carbamate (220). A procedure developed

by Jew and coworkers was used.? This literature procedure was chosen because it
reported that the amide group in nicotinamide was transformed into its
corresponding carbamate in high yield.

AgOAc, 52 and methanol was dissolved in dry DMF and NBS in dry DMF was
added slowly. The reaction was stirred overnight under an argon atmosphere at
room temperature. The solvent was evaporated to give a crude product that was
washed and purified by flash chromatography to give a 24 % yield of methyl N-
(3-nitropyridin-4-yl) carbamate (220).

The conversion seemed to be good from 'H-NMR spectroscopy of the reaction
mixture, but probably some of the carbamate decomposed during work up on the
silica column. Attempts to avoid column chromatography by crystallization
failed.

Since the yield in the Hofmann rearrangement was low, alternative routes to 220
are under investigation by other members of Prof. Bakkes group (Scheme 8.1.).
Introductory experiments by Dr. Hanna S. H. Gautun and ERASMUS student
Miguel Gonzalez-Garces Perez have shown that both the methyl and #-butyl
carbamate (209) of 4-aminopyridine (208) can be made in excellent yields. These
carbamates have also been nitrated by N,Os and sodium bisulfite to give
respectively methyl N-(3-nitropyridin-4-yl) carbamate (220) and #-butyl N-(3-
nitropyridin-4-yl) carbamate (221).

The synthetic route to 3,4-diaminopyridine (215) from methyl isonicotinate via a
Hofmann rearrangement was not competitive with the route developed by dr.
Jaroslav Riha (Scheme 8.2.), because the yield of the Hofmann rearrangement
was too low.

Some preliminary experiments were done to see if it was possible to do oxidative
aminations on the nitrated carbamates (Scheme 8.6.).
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i i
|
HN)\O HN o

NO NO
| A 2 KMI’]O4 | X 2
= n-butylamine NN N/
N (162)
221 222

Scheme 8.6. Oxidative amination of t-butyl-3-nitropyridin-4-yl carbamate.

t-Butyl N-(3-nitropyridin-4-yl) carbamate (221) provided by Dr. Hanna S. H.
Gautun was dissolved in #n-butylamine (162) and then KMnO, was added. After 3
hours of stirring, most of the starting material was unreacted. DMSO was added
so that the solvent was a 1:1 mixture of DMSO/n-butylamine. After two more
hours of stirring the reaction was stopped. Work up of the reaction mixture gave
t-butyl N-(2-n-butylamino-5-nitropyridin-4-yl) carbamate (222) in 56 % yield.
The only other compound observed in the reaction mixture was unreacted starting
material. Further optimization must be done in order to increase the conversion
and thereby also the yield. For details about the oxidative amination, see
Chapter 6.

8.3. Conclusion

Methyl 3-nitropyridin-4-yl carbamate (220) was syntesized in three steps in a
overall yield of 13 % from methyl isonicotinate (38). The nitration of the methyl
isonicotinate (38) gave a 75 % yield of methyl 3-nitroisonicotinate (42), which
was converted to 3-nitroisonicotinamide (52) in 74 % yield. The yield of the
Hofmann rearrangement of the amid was only 24 %. Due to the low overall yield
this route was abandoned. Another route starting from 4-aminopyridine (208) are
currently under investigation by other members of Prof. Bakke’s group.

t-Butyl N-(3-nitropyridin-4-yl) carbamate (221) was aminated with n-butylamine
(162) and KMnOj to give #-butyl N-(2-n-butylamino-5-nitropyridin-4-yl)
carbamate (222) in 56 % yield. This reaction was not optimized. The result
showed that oxidative amination can be used on pyridine carbamates, and that
target molecules 213 and 214 (Scheme 8.1.) probably can be synthesized with
several different alkylamino substituents.
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9. Experimental

9.1. General

Chemicals

All chemicals and solvents were of synthetic grade and were used without further
purification unless otherwise indicated. DMSO, DMF, THF was destilled and
stored over molecular sieves. Nitromethane was purified by a reported

procedure.! Dinitrogen pentoxide was prepared from dinitrogen tetroxide and
ozone and stored at -30 °C.?

Instrumentation

'H- and '3C-NMR spectra were recorded on Bruker Avance DPX300 or 400
instruments. Chemical shifts are reported in ppm relative to tetramethylsilane or
sodium 3-(trimethylsilyl)propionate-2,2,3,3,-d, that was used in deuterium oxide.

Infrared spectra were obtained on a Nicolet 20SXC Ft-IR Spectrometer.
MS spectra were recorded on a Finnigan MAT 95 XL instrument.

GC analyses were performed on a Chrompack 9000 with split injection and CP-
Sil5CB column (25 m, 0.32 mm ID, D¢ 0.4 pm) with a flame ionisation detector
and a Shimadzu C-R5A integrator.

GC-MS spectra were recorded on a Fision Intruments TRIO 1000 GC-MS
System.

Melting points are uncorrected and were measured using a Biichi melting point
apparatus.

Elemental Analyses were determined by the Laboratory of Organic Elemental
Analysis, Prague Institute of Chemical Technology, Czech Republic.
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9.2. Nitration

9.2.1. General nitration procedures
Procedure A

Sulphur dioxide (25ml) and dinitrogen pentoxide (2.7 g, 25 mmol) were mixed at

-30 °C with stirring. The substrate (~12.5 mmol) was added with a syringe
through a septum or as a solid in portions. After a reaction period of 5 minutes.
the solution was poured onto ice (100 g).

Procedure C

A solution was made of either nitromethane or dichloromethane (12.5 ml) and
dinitrogen pentoxide (1.35 g, 12.5 mmol) at 0 °C with stirring. The substrate
(~6.25 mmol) was either added with a syringe through a septum or as a solid in
portions. This resulted in a slurry which after 5 minutes was poured into a
solution of water (50 ml) containing sodium bisulfite (2.0 g, 19 mmol).

Procedure D

A solution was made of either nitromethane or dichloromethane (12.5 ml) and
dinitrogen pentoxide (1.35g, 12.5 mmol) at 0 °C with stirring. The substrate
(~6.25 mmol) was either added with a syringe through a septum or as a solid in
portions. This resulted in a slurry which after 5 minutes was poured into a
solution of water (50 ml) containing sodium bisulfite (2.0 g, 19 mmol). The pH of
the solution was adjusted with 3N HNO; before and after the addition of the
organic phase.

Procedure E

A solution was made of either nitromethane or dichloromethane (12.5 ml) and
dinitrogen pentoxide (1.35g, 12.5 mmol) at 0 °C with stirring. The substrate
(~6.25 mmol) was either added with a syringe through a septum or as a solid in
portions. This resulted in a slurry which after 5 minutes was poured into a
solution of water (12.5 ml) and methanol (37.5 ml) containing sodium bisulfite
(2.0 g, 19 mmol).
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Work up procedure

The acidic water solution was allowed to react at room temperature for 2-100
hours before extraction with dichloromethane (3x 80 ml). The combined organic
extracts were washed with 10% HCI solution (150 ml), saturated bicarbonate
solution (150 ml) and water (150 ml), dried over MgSO, and concentrated.

9.2.2. Nitration of substituted pyridines

3-Methvl-5-nitropyridine (46)

3-Methylpyridine (87) was nitrated by procedure A. The product, 3-methyl-5-
nitropyridine (46), was collected as a yellow solid in 26% yield. The melting

point was 94.5- 96.0 °C (lit.1? 95.5- 96.5 °C).

IH-NMR (300 MHz, CDCLy): 9.26 (1H, d, J = 2.3 Hz, H-2), 8.75 (1H, d, ] = 1.0
Hz, H-6) 8.30 (1H, dd, J = 2.3, 1.0 Hz, H-4), 2.5 (3H, s, CH;) ppm.

3C-NMR (75 MHz, CDCl,): 156, 144, 143, 134, 132, 19 ppm.

IR (KBr): 3042 (m), 2967 (w), 2931 (w), 2867 (w), 1610 (w), 1596 (w), 1570
(m), 1522 (s), 1450 (m), 1354 (s), 1317 (w), 1250 (w), 1149 (m), 1112 (w), 1045
(w), 1025 (m), 976 (w), 926 (w), 902 (m), 805 (s), 745 (m), 892 (m), 875 (m),
559 (w) cm™!.

MS (m/z, rel. int. %): 139 (M+1, 3), 138 (M, 63), 92 (100), 86 (22), 84 (44), 69
(8), 65 (80), 57 (10), 51 (11), 49 (47).

4-Methyl-3-nitropyridine (49)

4-Methylpyridine (65) was nitrated by procedure A. The product, 4-methyl-3-
nitropyridine (49), was isolated in 54% yield as a yellow oil. 'H-NMR and '3C-
NMR data were in accordance with literature data.’

'H-NMR (300 MHz, CDCLy): 9.15 (1H, s, H-2), 8.64 (1H, d, ] = 5.02 Hz, H-6),
7.30 (1H, d, J = 5.02 Hz, H-5), 2.15 (3H, s, CH;) ppm.
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I3C-NMR (75 MHz, CDCL,): 153, 146, 146, 143, 128, 20 ppm.

IR (neat): 3062 (w), 2990 (w), 2933 (w), 2865 (w), 1609 (s), 1554 (m), 1524 (s),
1486 (m), 1445 (m), 1403 (w), 1380 (w), 1351 (s), 1297 (w), 1240 (m), 1221 (m),
1060 (w), 1036 (w), 999 (w), 932 (w), 863 (s), 841 (m), 802 (m), 750 (m), 679
(m) cm!,

MS (m/z, rel. int. %): 139 (M+1, 1), 138 (M, 11), 121 (37), 92 (24), 88 (12), 86
(65), 84 (100), 65 (24), 51 (28), 49 (76), 47 (11).

4-Acetyl-3-nitropyridine (37)

4-Acetylpyridine (223) was nitrated by procedure E, 4-acetyl-3-nitropyridine
(37) was obtained in 58% yield, as a yellow solid with a melting point of 33.0-

34.5 °C (lit.” 35-36.5 °C). '"H-NMR and '*C-NMR data were in accordance with
literature data.’

IH-NMR (300 MHz, CDCly): 9.38 (1H, s, H-2), 8.97 (1H, d, J = 4.85 Hz, H-6),
7.36 (1H, d, J = 4.85 Hz, H-5), 2.60 (3H, s, CH;CO) ppm.

I3C-NMR (75 MHz, CDCly): 155, 146, 145, 141, 121, 198, 30 ppm.

IR (KBr): 3188 (w), 3078 (), 3017 (w), 2922 (w), 2873 (v), 1772 (v), 1715 (s),
1607 (m), 1527 (s), 1480 (w), 1410 (w), 1355 (s), 1284 (w), 1239 (s), 1192 (w),
1147 (w), 1079 (m), 1053 (m), 880 (s), 772 (m), 602 (m) cm’".

MS (m/z, rel. int. %): 167 (M+1, 1), 166 (M, 14.2), 152 (4), 151 (48), 136 (6),
124 (11), 78 (14), 52 (6), 51 (10), 50 (21), 44 (7), 43 (100).

3-Nitropyridine-4-carboxylic acid (51)

Pyridine-4-carboxylic acid (62) was nitrated by Procedure A. The reaction
mixture was continuously extracted with diethylether for 5 hours. The organic
phase was concentrated and the crude product was recrystallized from methanol/
water to give light yellow needles of 3-nitropyridine-4-carboxylic acid (51) in

60% yield. The product decomposed at 225°C (lit.> 222 °C decomp.).
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'H-NMR, '*C-NMR and IR spectra were in accordance with literature data®*.

'H-NMR (300 MHz, DMSO): 9.26 (1H, s, H-2), 9.01 (1H, d, J = 4.9 Hz, H-6),
7.86 (1H, d, ] = 4.9 Hz, H-5) ppm.

BC-NMR (75 MHz, DMSO): 164, 155, 150, 145, 136, 123 ppm.

IR (KBr): 3060(v), 2427 (m), 1854 (m), 1728 (m), 1613 (w), 1556 (s), 1478 (v),
1412 (w), 1375 (s), 1302 (s), 1268 (s), 1233 (m), 1187 (m), 1152 (m), 1058 (s),
810 (m), 796 (m), 697 (m), 663 (s) cm™".

MS (m/z, rel. int. %): 169 (M+1, 6), 168 (M, 85), 124 (10), 123 (32), 122 (100),
106 (10), 94 (80), 78 (35), 77 (7), 76 (12), 67 (27), 66 (21).

Methyl 3-nitroisonicotinate (42)

Metyl isonicotinate (38) was nitrated by procedure E, in 75% yield. Methyl 3-ni-
troisonicotinate (42) was isolated as orange solid with a melting point of 88.0-

92.0 °C (lit. oil, bp. 140.5-142.0 °C (10 torr)).
BC-NMR3, 'H-NMR* and IR* were in accordance with literature.

'H-NMR (300 MHz, CDCly): 9.18 (1H, s, H-2), 8.85 (1H, d, ] = 5.0 Hz, H-6)
7.71 (1H, d, ] = 5.0 Hz, H-5) 3.86 (3H, s, CH;) ppm.

I3C-NMR (75 MHz, CDCL;): 169, 157, 148, 145, 138, 123, 57 ppm.

IR (KBr): 3100 (v), 3070 (m), 2800 (w), 2700-2200 (w, br) 1750 (s), 1650 (m),
1590 (m), 1490 (s), 1350 (s), 1313 (s), 1251 (s), 1096 (s), 1018 (m), 1009 (s), 882
(m), 857 (m), 830 (s), 772 (s), 726 (s), 550 (s), 536 (s), 422 (s) cm.

MS (m/z, rel. int. %): 183 (M+1, 8), 182 (M, 85), 152( 8), 151 (100), 137 (11),
136 (100), 122 (6), 121 (5), 106 (10), 94 (6), 93 (43), 78 (66), 51(13), 50 (40).
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4-Cyano-3-nitropyridine (54)

4-Cyanopyridine (64) was nitrated by procedure A. The crude product was
crystallized from diethylether/pentane (3:1) to give light brown nedlees of 4-

cyano-3-nitropyridine (54) in 33% yield. The melting point was 42.0-43.5 °C (
lit.4 39.5- 41.0).
IRspectrum was in accordance with literature data.*

IH-NMR (300 MHz, CDCLy): 9.61 (1H, s, H-2), 9.14 (1H, d, ] = 4.9 Hz, H-6)
7.86 (1H, d, J = 4.9 Hz, H-5) ppm.

I3C-NMR (75 MHz, CDCL;): 156, 147, 143, 128, 116, 113 ppm.

IR (KBr): 3099 (w), 3056 (W), 2869 (w), 2242 (w), 1604 (s), 1548 (s), 1530 (s),
1405 (m), 1350 (s), 1222 (m), 1178 (w), 1045 (w), 861 (s), 850 (m), 781 (w), 761
(m), 693 (m), 571 (s) cm’.

MS (m/z, rel. int. %): 150 ( M+1, 4), 149 (M, 63), 103 (100), 91 (9), 76 (48), 75
(12), 64 (5).

4-Phenyl-3-nitropyridine (35)

4-Phenylpyridine (24) was nitrated using procedure D The pH in the water phase
was adjusted to around 1 before addition of the organic phase. 4-Phenyl-3-
nitropyridine (55) was isolated in 69% yield as a yellow solid with a melting

point of 72.5-73.5 °C (lit.? 72.0-72.5 °C.).

"H-NMR (300 MHz, CDCl;): 9.09 (1H, s, H-2), 8.82 (1H, d, J = 5.05 Hz, H-5),
7.43 (1H, d, J = 5.05 Hz, H-6), 7.45-7.55 (3H, m, phenyl protons), 7.35 -7.4 (2H,
m, phenyl protons) ppm.

I3C-NMR (75 MHz, CDCL;): 153, 146, 145, 144, 134, 130, 129, 128, 126 ppm.

IR (KBr): 3051 (w), 2868 (W), 1594 (m), 1536 (s), 1518 (s), 1473 (w), 1443 (w),
1403 (w), 1357 (s), 1265 (w), 1221 (w), 1188 (m), 1040 (w), 849 (s), 777 (m),
750 (s), 694 (m), 614 (W), 588 (W), 553 (W), 516 (W).

MS (m/z, rel. int. %): 201 (M+1, 3), 200 (M, 26), 199 (9), 184 (5), 173 (13), 172

(100), 171 (23), 170 (36), 155 (17), 154 (12), 147 (6), 145 (21), 144 (17), 143
(18), 142 (9), 141 (8), 140 (6), 130 (9), 129 (7), 128 (18), 127 (99), 126 (39), 117
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(15), 116 (17), 115 (45), 102 (6), 101 (19), 87 (7), 77 (41), 76 (10), 75 (16 ), 74
(11), 63 (20), 51 (18).

5-Phenyl-3-nitropyridine (56)

3-Phenylpyridine (225) was nitrated by procedyre D. The pH of the bisulfite
solution was adjusted to 1, before addition of the organic phase. 5-Phenyl-3-
nitropyridine (56) was isolated as a yellow solid with a melting point of 91.0-92.0

°C (lit.# 92.5-93.5 °C)
"H-NMR, '3C-NMR and IR spectra were in accordance with literature.®

"H-NMR (300 MHz, CDCl;): 9.43 (1H, d, ] = 2.4 Hz, H-2), 9.16 (1H, d, J=2.0
Hz, H-6) 8.68 (1H, dd, J = 2.4, 2.0 Hz, H-4) 7.4-7.65 (5H, m, Phenyl protons)
ppm.

I3C-NMR (75 MHz, CDCL;): 153.6, 144.9, 143.8, 138.0, 135.6, 129.9, 129.8,
129.3, 127.7 ppm.

IR (KBr): 3033 (), 2921 (w), 2852 (), 1593 (), 1562 (m), 1522 (s), 1499 (m),
1446 (w), 1352 (5), 1236 (), 1163 (w), 1018 (w), 908 (), 885 (m), 772 (m), 749
(m), 703 (m), 695 (m), 673 (W), 612 (w), 562 (w) cm’.

MS (m/z, rel. int. %): 201 (M+1, 13), 200 (M, 100), 155 (11), 154 (67), 153 (8),
128 (10), 127 (46), 126 (11), 77 (18).

4-(1,3-Dioxolan-2-yl)-3-nitropyridine (53)

4-(1,3-Dioxolan-2-yl)-pyridine (121)

Pyridine-4-carbaldehyde (120) (6.72 g, 0.063mol) was dissolved in toluene (20
ml), and treated dropwise with concentrated hydrochloric acid (5 ml) .
1,2-Ethanediol (12 ml) and p-toluenesulfonic acid (0.8 g, 0.0042 mol ) were
added, and the solution refluxed, with azeotropic removal of water, for 5.5 hours.
The reaction mixture was then cooled, quenched with sodium carbonate (8 g),
and stirred for 15 minutes. Water (30 ml) was added to the solution to dissolve
excess sodium carbonate. The two phases where separated, the water phase was
extracted with ethylacetate (3 x 100ml ). The organic layers were combined and
concentrated to give 4-(1,3-dioxolan-2-yl)-pyridine (121) (6.60 g, 85% yield) as a
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solid with a melting point around room temperature. The purity was 96% from
GC.

IH-NMR (300 MHz, CDCl,): 8.66 (2H, d, ] = 6.0 Hz, H-2 and H-6), 7.40 (2H, d,
J=6.0 Hz, H-3 and H-5 ), 5.83 (1H, s, R°"R”CH), 4.08 (4H, m, -OCH,CH,0-)

IBC-NMR (75 MHz, CDCl,): 150, 147, 121, 102, 77 ppm.

IR (KBr): 3040 (w), 2979 (w), 2691 (w), 1728 (m), 1605 (m), 1566 (m), 1479
(m), 1411 (s), 1394 (m), 1329 (m), 1306 (m), 1289 (s), 1235 (m), 1105 (s), 1063
(m), 1027 (m), 984 (m), 942 (m), 821 (m), 758 (W), 707 (W), 686 (W), 639 (W)

cm™.

MS (m/z, rel. int. %): 152 (M+1, 2), 151 (M, 10), 150 (M-1, 20), 149 (25), 121
(5), 119 (10), 106 (15), 103 (49), 93 (5), 92 (7), 91 (6), 79 (20), 76 (50), 73 (100).

4-(1,3-Dioxolan-2-yl)-3-nitropyridine (53)

4-(1,3-Dioxolan-2-yl)-pyridine (121) was nitrated by procedure C.
4-(1,3-Dioxolan-2-yl)-3-nitropyridine (53) was isolated as a yellow oil in a 35%
yield after flash chromatography on silica gel (eluent: dichloromethane).

'H-NMR (300 MHz, CDCl,): 9.15 (1H, s, H-2), 8.86 ( 1H, d, ] = 5.1 Hz, H-6),
7.74 (1H, d,J = 5.1 Hz, H-5), 6.54 (1H, s, R°'R”CH), 4.05 (4H, m, OCH,CH,0)
ppm.

I3C-NMR (75 MHz, CDCl,): 154, 146, 142, 138, 121, 99, 66 ppm.

IR (KBr) 3040 (w), 2963 (w), 2892 (w), 1728 (s), 1605 (m), 1566 (m), 1478 (m),
1411 (s), 1394 (s), 1329 (m), 1306 (s), 1283 (s), 1235 (m), 1105 (s), 1063 (m),
1027 (m), 1010 (w), 984 (w), 942 (w), 821 (s) cm™.

MS (m/z, rel. int. %): 197 (M +1, 5), 195 (M-1, 5), 180 (5), 179 (40), 150 (6),

149 (83), 136 (12), 123 (7), 122 (95), 109 (10), 106 (20), 105 (48), 94 (35), 78
(42), 73 (100).
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4-Nitroisoquinoline (61)

Isoquinoline (226) was nitrated by procedure E.
4-Nitro-isoquinoline (61) was isolated as a yellow solid in 42 % yield, with

melting point of 60.0-61.5°C (1it.% 63 °C)
The '"H-NMR and 3C-NMR spectra were in accordance with literature.’

'H-NMR (300 MHz, CDCly): 9.48 (1H, s, H-1), 9.30 (1H, s, H-3), 8.69 (1H, d, J
= 8.7 Hz, H-5), 8.16 (1H, d, J = 7.1 Hz, H-8), 8.00 (1H, dd, J = 8.1, 7.1 Hz, H-6),
7.82 (1H, dd, ] = 8.7, 8.1 Hz, H-7) ppm.

I3C-NMR (75 MHz, CDCly): 158, 141, 141, 134, 129, 129, 128, 127, 123 ppm.

IR (KBr): 3064 (w), 2856 (W), 2336 (w), 1733 (w), 1700 (w), 1624 (s), 1584 (s),
1580 (m), 1517 (s), 1495 (m), 1410 (m), 1348 (s), 1321 (s), 1255 (s), 1219 (m),
1189 (s), 921 (m), 886 (m), 796 (m), 775 (s), 734 (m), 684 (m) cm’.

MS (m/z, rel. int. %): 175 (M+1, 8), 174 (M, 81), 144 (26), 133 (7), 129 (19), 128

(100), 127 (5), 116 (21), 105 (6), 102 (14), 101 (36), 100 (6), 89 (13), 77 (28), 76
(8), 75 (32), 74 (12), 72 (9), 62 (9), 59 (11), 57 (11), 55 (11), 51 (24).
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9.3. The reaction mechanism of nitration of pyridine

The reaction intermediates formed when 3-acetylpyridine (78) and
3-methylpyridine (87) were studied using low temperature NMR. The NMR
samples were prepared as described below.

9.3.1. From the reaction of 3-acetylpyridine

3-Acetylpyridine (78) (375 mg, 3.10 mmol) was added to a solution of N,Os (6.4
mmol) in nitromethane (6 ml). After 5 min the suspension was poured into D,O
(6 ml) containing NaHSO; (15.2 mmol) keept at -5 °C. A sample of the aqueous
phase (~0.4 ml) was as rapid as possible transfered to an NMR tube containing
CD;0D (0.4 ml) precooled to -78 °C. The tube was inserted to the NMR

instrument precooled to -30 °C

Compound 80:

"H-NMR (300 MHz, D,0-CD;0D, -10 °C) 8.70 (1H, s, H-2), 7.76 (1H, dd, Jos=
7.39 Hz, Js 4 = 1.42 Hz, H-6), 5.64 (1H, dd, J5 c = 7.39 Hz, J5 4 = 5.88 Hz, H-5),
4.90 (1H, dd, J4 5 = 5.88 Hz, J, c = 1.42 Hz, H-4), 2.5 (3H, s, CH3).

I3C-NMR (75 MHz, D,0-CD;0D, -10 °C) 125 (C-6), 108 (C-5), 55 (C-4), 25
(CH3). Shift values for (C-2), (C-3) and (CO) were not observed.

Compound 81: 'H- NMR (300 MHz, D,0-CD;0D, -10 °C) 7.85 (1H, dd, J, 5 =
6.54 Hz, 1,5 = 1.32 Hz, H-4), 7.48 (1H, dd, J¢ 5 = 7.48 Hz, J 4 = 1.32 Hz, H-6),
7.10 (1H, s, H2), 5.93 (1H, dd, J5 4 = 7.85 Hz, Js ¢ = 7.48 Hz, H-5), 2.5 (3H, s,
CH,).

3C-NMR (75 MHz, D,0-CD;0D, -10 °C) 134 (C-6), 130 (C-4), 109 (C-5), 69
(C-2), 25 (CHy). Shift value for (C3) was not observed.

Compound 82: 'H-NMR (300 MHz, D,0-CD;0D, -10 °C) 8.60 (1H, s, H-2),
6.81 (1H, dd, J; 5 = 9.67 Hz, I, 6 = 1.61 Hz, H-4), 6.50 (1H, dd, J¢ 5 = 10.19 Hz,
Joa=1.61 Hz, H-6), 6.17 (1H, dd, Js 4 = 9.67 Hz, J5 s = 10.19 Hz, H-5), 2.5 (3H,

s, CH;). '°C spectrum was not obtained.

Compound 83: '"H-NMR (300 MHz, D,0-CD,0D, -10 °C) 6.61 (1H, dd, H4, J , 5
= 11.13 Hz, J, s = 1.03 Hz, H-4), 6.43 (1H, dd, J5 4, = 11.13 Hz, J5 ¢ = 2.59 Hz, H-
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5),5.47 (1H, s, H-2), 4.83 (1H, dd, J s = 2.59 Hz, Js , = 1.03 Hz, H-6), 2.00 (3H,
s, COCHS,).

BC-NMR (75 MHz, D,0-CD;0D, -10 °C) 131 (C-5), 123 (C-4), 72 (C-2), 69
(C-6). Shift values for (C-3) and (COCH;) were not observed.

9.3.2. From the reaction of 3-methylpyridine (87)

3-methylpyridine (87) (0.853 g, 9.16 mmol) in dichloromethane (12.5ml) was
reacted with N,Os (1.35 g, 12.5 mmol) at 0 °C for 10min. The obtained slurry
was filtered and the crystals (3-methyl-N-nitropyridiniumnitrate, 227) washed
with dichloromethane, dried with N, and placed at -20 °C overnight. 227 (0.12 g,
0.60 mmol) was dissolved in 0.5 ml solvent in an NMR tube, and

sodium bisulfite (0.15 g, 1.44 mmol) in D,O-CD;0D (1:2) (0.5 ml) was added

at -78 °C. The NMR tube was then placed in the NMR
instrument at the appropriate temperature.

Compound 88b: 'H-NMR (300 MHz, D,0-CD;0D, -50 °C) 7.69 (1H, dd, J¢ 5=
7.98 Hz, Jg 4 = 1.52 Hz, H-6), 7.54 (1H, s, H-2), 5.56 (1H, dd, J5 s = 7.98 Hz, Js 4
=5.62 Hz, H-5),4.33 (1H, dd, J, s = 5.62 Hz, J, s = 1.52 Hz , H-4), 2.05 (3H, s,
CHj;).

BC-NMR (75 MHz, D,0-CD;0D, -50 °C) 127 (C-6), 123 (C-2), 110 (C-5), 64
(C-4), 20.6 (CHs). Shift values for C3 not observed.

Compound 88a: "H-NMR (300 MHz, D,0-CD;0D, -55 °C) 7.4 (1H, d, Jg5 7.9,
H-6), 6.3 (1H, s, H-2), 6.2 (1H, d, J, s 7.4 H-4), 5.7 (1H, dd, Js s = 7.4 Hz, J5 ¢ =
7.9 Hz, H-5).

13C (75 MHz, D,0-CD;0D, -55 °C) 124 (C-4), 123 (C-6), 113 (C-5), 77 (C-2).
Shift value for (C-3) was not observed.

Compound 89: 'H-NMR (300 MHz, D,0-CD;0D, -50 °C) 6.26 (1H, dd, Js 4 =
9.99 Hz, Js ¢ = 3.05 Hz, H-5), 6.11 (1H, dd, J; s = 9.99 Hz, J, ¢ = 2.34 Hz, H-4),
529 (1H, s, H-2), 4.68 (1H, dd, Js s = 3.05 Hz, J¢ , = 2.34 Hz, H-6), 1.86 (3H, s,
CH,).
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I3C-NMR (75 MHz, D,0-CD;0D, -50 °C) 133 (C-4), 128 (C-5), 74 (C-2), 72
(C-6), 23 (CHj3). Shift value for C-3 was not observed.

102

URN:NBN:no-1302



Experimental

9.4. Selective vicarious nucleophilic amination of 3-nitropyridines

9.4.1. General

The starting compounds were prepared as described in chapter 9.2.

9.4.2. Amination procedures

Amination of 3-nitropyridines with hydroxylamine (96)

The 3-nitropyridine compound (10 mmol) in etanol (50 ml) was added dropwise
to a stirred solution of hydroxylamine hydrochloride (30 mmol), potassium
hydroxide (80 mmol) and zinc dichloride (10 mmol) in etanol (100 ml). In some

cases more hydroxylamine (15 mmol) and potassium hydroxide (20 mmol) were
added after 5 hours of stirring. The reaction mixture was stirred overnight at room
temperature, and poured into water (200 ml). The water phase was extracted with
dichloromethane (3 x 100 ml), the combined organic phases were washed with

water, dried and evaporated to give the 2-amino-5-nitropyridine (103) compound.

Amination of 3-nitropyridines with 4-amino-1,2,4-triazole (97)

The 3-nitropyridine compound (10 mmol) in dimethylsulfoxide (30 ml) was
added dropwise to a stirred solution of 4-amino-1,2,4-triazole (35 mmol),
potasium tert-butoxide (20 mmol) in dimethyl sulfoxide (60 ml) under nitrogen
atmosphere . The reaction mixture was stirred for 5 hours at room temperature,
and then poured into water (200 ml) saturated with NH,Cl.

The water phase was extracted with dichloromethane (3 x 100 ml), the combined

organic phases evaporated, and the residue was recrystallized from water-
methanol to give the 2-amino-5-nitropyridine (103) compound.

9.4.3. Amination of 3-nitropyridines

Nine different 3-nitropyridines and 4-nitroisoquinoline were aminated with both
hydroxylamine (96) and and 4-amino-1,2,4-triazole (97) as described above. The
yields of the different products with the two procedures are given in Chapter
5.2.12., Table 5.3. The melting point and spectroscopical data of the isolated
products are given below. For compounds with no references to literature,
elemental analyses were performed.
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2-Amino-5-nitropyridine (8)

Compound 8 was a light yellow solid with a melting point of 188.0-189.0 °C
(lit."! 188 - 189 °C).

IR (KBr): 3501 (m), 3363 (s), 1648 (s), 1632 (s), 1583 (s), 1570 (m), 1494 (m),
1473 (s), 1333 (s), 1285 (s), 1129 (m), 842 (m) cm’".

'H-NMR (300 MHz, DMSO-d): 8.84 (d, 1H, , J =2.78 Hz, H-6), 8.12 (dd, 1H,
H-4,]= 2.80,9.31 Hz), 7.52 (br s, 2H, NH,), 6.50 (d, 1H, H-3, ] = 9.39 Hz)

Elemental analysis calculated for C¢H,N5O,: C, 43.17; H, 3.62; N, 30.21. Found:
C, 43.59; H, 3.66; N, 29.87.

2-Amino-4-methvl-5-nitropyridine (109)

Compound 109 was a light yellow solid with a melting point of 219-220°C (lit.'?
220 °C).

IR (KBr):3406 (s), 3329 (w), 3121 (m), 1654 (m), 1608 (m), 1544 (m), 1492 (w),
1452 (w), 1372 (w), 1332 (m), 1290 (s), 1279 (s), 1109 (w), 954 (w), 841 (w)

cm'l.

"H-NMR (300 MHz, CDCly): 8.93 (s, 1H, H-6), 6.33 (s, 1H, H-3), 5.03 (br s, 2H,
NH,), 2.61 (s, 3H, CH3) ppm.

2-Amino-3-methyl-5-nitropyridine (112)

Compound 112 was a light yellow solid with a melting point of 256.0-257.0 °C
(lit.'? 255°C)

IR (KBr): 3450 (m), 3321 (w), 3119 (m), 1851 (s), 1595 (s), 1583 (s), 1477 (m),
1422 (m), 1343 (s), 1292 (s), 1109 (m), 1040 (w), 1018 (w), 941 (w), 770 (m)

cm 1.
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"H-NMR (300 MHz, DMSO-d6 ): 8.74 (d, 1H, J = 1.94 Hz, H-6), 8.02 (d, 1H, J =
1.94 Hz, H-4), 5.03 (br s, 2H, NH,), 2.11 (s, 3H, CH3) ppm.

Methyl 2-amino-5-nitroisonicotinate (113)

Compound 113 was a light brown solid, with a melting point of 205-206°C.

'H-NMR (300 MHz, CDCl,): 8.82 (s, 1H, H-6), 7.84 (br s, 2H, NH,), 6.52 (s,
1H, H-3), 3.85 (s, 3H, CH;) ppm.

IR (KBr): 3441 (), 3309 (w), 1733 (5), 1649 (s), 1607 (m), 1559 (m), 1493 (w),
1457 (s), 1344 (m), 1303 (m), 1279 (s), 1180 (w), 1079 (m), 986 (m), 876 (W),

847 (w) em!

Elemental analysis calculated for C;H;N3O4: C, 42.65; H, 3.58; N, 21.31. Found:
C,42.50; H, 3.87; N, 21.25.

2-Amino-4-(1,3-dioxolan-2-yl)-5-nitropyridine (122)

Comound 122 was a yellow solid, with a melting point of 175-177 °C.

"H-NMR (300 MHz, CDCls): 8.89 (s, 1H, H-6), 6.80 (s, 2H, NH,), 6.57 (s, 1H,
H-3), 5.18 (s, 1H, dioxolane proton), 3.9-4.3 (q, 4H, dioxolane protons) ppm.

IR, 3461 (s), 3220 (w), 3160 (m), 1634 (m), 1609 (s), 1548 (s), 1493 (w), 1442
(w), 1329 (), 1295 (s), 1261 (m), 1184 (w), 1081 (w), 975 (w) cm.

Elemental analysis calculated for CgHgN3Oy4: C, 45.50; H, 4.27; N, 19.91. Found:
C,45.27;H,4.33; N, 19.56.
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2-Amino-4-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine(124)

4-(2-Methyl-1,3-dioxolan-2-yl)-3-nitropyridine (123)

4-acetyl-3-nitropyridine (223) ( 5.20 g, 0.032mol ) was dissolved in 15 ml of
toluene, and treated dropwise with concentrated hydrochloric acid (3 ml).
1,2-ethandiol (6 ml) and p-toluenesulfonic acid (0.4 g, 0.0021 mol ) was added,
and the solution refluxed, with azeotropic removal of water, for 5.5 hours. The
reaction mixture was then cooled and quenched with sodium carbonate (8 g), and
stirred for 15 minutes. Water was added to the solution to dissolve excess sodium
carbonate. The tho phases where separated, the water phase was extracted with
ethylacetate (3 x 50ml ). The organic layers was combined and concentrated to
give 4-(2-methyl-1,3-dioxolan-2-yl)-3-nitropyridine (123)( 5.75 g, 86% yield) as
a light yellow solid with a melting point ofpoint of 69.5-70.5 °C.

"H-NMR (300 MHz, CDCly): 8.74 (1H, s, H-2), 8.72 (1H, d, ] = 5.2 Hz, H-6)
7.60 (1H, d, J =5.2 Hz, H-5), 4.09 (2H, m, dioxolane protons), 3.72 (2H, m,
dioxolane protons), 2.07 (3H, s, CH3) ppm.

I3C-NMR (75 MHz, CDCl5): § 152, 146, 144, 145, 122, 107, 65, 27 ppm.

IR (KBr) 2995 (w), 2980 (w), 2962 (w), 2907 (w), 2695 (m), 1594 (w), 1554 (m),
1533 (s), 1476 (w), 1407 (m), 1374 (s), 1367 (s), 1266 (W), 1238 (m), 1205 (s),
1136 (w), 1116 (w), 1062 (w), 1045 (m), 1027 (s), 950 (m), 880 (m), 856 (m),
849 (m), 763 (W), 705 (w), 684 (w), 609 (m), 514 (w) cm.

MS (m/z, rel. int. %) 205 (M-15 (CHj), 2), 195 (23), 151 (15), 150 (7), 149 (66),
121 (9), 97 (4), 87 (96), 78 (13), 51 (16)

2-Amino-4-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine (124)

4-(2-methyl-1,3-dioxolan-2-yl)-3-nitropyridine (123) was aminated by
hydroxylamine (96) and 4-amino-1,2,4-triazole (97) to give 2-amino-4-(2-
methyl-1,3-dioxolan-2-yl)-5-nitropyridine (124) as an orange solid with a
melting point of 172.0-173.0 °C.

"H-NMR (300 MHz, CDCly): 8.42 (s, 1H, H-6), 6.69 (s, 1H, H-3), 5.01 (brs, 2H,
NH,), 4.02 (m, 2H, dioxolane protons), 3.72 (m, 2H, dioxolane protons) ppm.
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IR (KBr): 3459 (s), 3314 (m), 3191 (m), 1691 (s), 1559 (w), 1521 (s), 1425 (w),
1369 (s), 1203 (m), 1026 (m), 877 (m) em!

Elemental analysis calculated for CyH{1N30,4: C, 48.00; H, 4.92; N, 18.66.
Found: C, 48.08; H, 4.79; N, 18.67.

2-Amino-4-acetyl-5-nitropyridine (125)

2-Amino-4-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine (124) ( 0.200 g, 0.88
mmol) was dissolved in 66 % Hydrochloric acid (20 ml), and stirred
overnight. The solution was neutralized by NaHCO;, and extracted with

dichloromethane (3x 50 ml). The organic phases were combined, washed with
water (50 ml), dried (MgSQO,) and concentrated to give 2-amino-4-acetyl-5-

nitropyridine (125) (0.158 g, 98 %) as a light yellow solid with a melting point of
177.5-179.0 °C

'H-NMR (300 MHz, CD;0D): 8.84 (1H, s, H-2), 6.34 (1H, s, H-5), 2.48 (3H, s,
CH;)

I3C-NMR (75 MHz, CD;0D): 200, 171, 163, 148, 147, 131, 103, 28 ppm.

IR (KBr): 3466 (m), 3299 (w), 3152 (w), 3073 (w), 1714 (m), 1630 (s), 1602 (m),
1540 (s), 1483 (m), 1442 (w), 1416 (w), 1355 (w), 1340 (m), 1323 (m), 1296 (s),
1275 (s), 1236 (m), 1152 (w), 1054 (w), 1017 (w), 956 (W), 865 (W), 844 (w), 523

(m) cm™!.

MS (m/z, rel. int. %) 182 (M+1, 10), 181 (95), 151 (10), 139 (24), 122 (13), 109
(5), 93 (15), 92 (16), 81 (10), 80 (13), 71 (4), 69 (5), 68 (15), 66 (18), 65 (12), 64
(5), 57 (7), 50 (16), 43 (40)
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2-Amino-4-phenyl-5-nitropyridine (126)

Compound 126 was a yellow solid, with a melting point 0f165-166 °C.

IR (KBr): 3412 (s), 3319 (w), 3156 (m), 1652 (s), 1611 (m), 1598 (s), 1538 (m),
1481 (m), 1449 w), 1327 (s), 1296 (s), 1134 (m), 848 (m) cm.

"H-NMR (300 MHz, CDCl5): 8.85 (s, 1H, H-6), 7.43 (m, 3H, Ph protons), 7.29
(m, 2H, Ph protons), 6.37 (s, 1H, H-3), 5.20 (br s, 2H, NH,) ppm.

Elemental analysis calculated for CgHgN5;O4: C, 61.39; H, 4.22; N, 19.53. Found:
C,61.24;H,4.42; N, 19.27.

2-Amino-3-phenyl-5-nitropyridine (127)

Compound 127 was a yellow solid, with a melting point of 175.0 - 176.5 °C (lit."3
176.5 - 177.0 °C).

IR (KBr): 3473 (s), 3299 (m), 3116 (m), 1645 (s), 1585 (m), 1574 (s), 1485 (s),
1444 (m), 1353 (m), 1334 (s), 1307 (s), 1127 (m), 733 (m), 703 (w) cm’ ..

"H-NMR (300 MHz, CDCl;): 9.02 (d, 1H, J=J 2.58 Hz, H-6), 8.18 (d, 1H, J =
5.28 Hz, H-4), 7.50-7.60 (m, 5H, Ph protons), 5.36 (br s, 2H, NH,) ppm.

Elemental analysis calculated for CgHgN5O,: C, 61.39; H, 4.22; N, 19.53, Found:
C, 61.19; H, 4.68; N, 19.06
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1-Amino-4-nitroisoquinoline (130)

Compound 130 was a yellow solid with a melting point of 277 - 280 (lit.'* 283 -
287 °C).

IR (KBr): 3417 (s), 3338 (w), 3087 (m), 1671 (m), 1617 (m), 1580 (s), 1510 (s),
1492 (s), 1449 (w), 1401 (w), 1363 (w), 1285 (s), 1256 (s), 1030 (m), 769 (s)
em’.

'TH-NMR (300 MHz, DMSO-d6): 8.97 (s, 1H, H-3), 8.72 (d, 1H, J = 8.58 Hz, H-
5), 8.45 (br s, 2H, NH,), 8.40 (d, 1H, J = 8.30 Hz, H-8), 7.87 (dd, 1H, J = 8.30,
8.58 Hz, H-6), 7.65 (dd, 1H, J = 8.30, 8.58 Hz, H-7) ppm.

13C. NMR (75 MHz, DMSO-d6): 163, 147 (1C, d, J = 183 Hz, C-3), 134, 131,
130, 127, 125, 123, 116 ppm.

Elemental analysis calculated for CyH;N;0,: C, 57.14; H, 3.73; N, 22.21; Found:
C,57.89; H, 4.13; N, 22.09.
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9.5. The oxidative amination of 3-nitropyridines

9.5.1. Oxidative aminations with ammonia

Several different procedures were tried for the oxidative amination of 3-
nitropyridine (24) by ammonia and KMnO,. The yields and isomer ratios for the

different procedures are given in Chapter 6.3.1., Table 6.1. Details of the
differents procedures, identification of the isomers, isolation of 2-amino-5-
nitropyridine (8) and spectroscopical data are given below.

Reaction procedures
Reaction in aqueous solution of ammonia

The 3-nitropyridine (24) (124 mg, 1.00 mmol) was added to a aqueous solution of
ammonia (10 ml). KMnO, (474 mg, 3.00 mmol) was added and the solution

mechanically stirred or mixed by supersonic mixing. The reaction was monitored
by taking out small samples that were extracted with dichloromethane The
organic fase was then analysed on GC. For the reaction with mechanichal stirring
more KMnO, (316 mg, 2 mmol) was added twice after 5 and 10 hours,
respectively. The sample with supersonic mixing, more KMnO, (316 mg 2.00
mmol) was added after 1 hour.

Reaction in DMSO and DMSO/t-butanol, with ammonia athmosphere

The 3-nitropyridine (124 mg, 1.00 mmol) and KMnO, (316 mg, 2.00 mmol) were
dissolved in DMSO (20 ml) (or DMSOY/ ¢-butanol). Gaseous ammonia was

bubbled through the solution, and a reservoiar of ammonia was connected. The
reaction mixture was stirred for 3 (DMSO) or 6 (DMSO/¢-butanol) hours.

Reaction in DMSO/water, 7% NH;

The 3-nitropyridine (124 mg, 1.00 mmol) was dessolved in DMSO (37.5 ml) and
28% ammonia in water (12.5 ml). KMnO, (474 mg, 3.00 mmol) was added and

the mixture was stirred. The reaction was followed by GC analyses. After 4 hours
more KMnO, (474 mg, 3.00 mmol) was added.

In the experiments giving the best yield of 2-amino-5-nitropyridine, a stream of
ammonia gas was bubbled through the solution to keep the reaction mixture
saturated with ammonia.
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Determination of the isomer ratio in amination of 3-nitropyridine

The ratio of the three isomers 2-amino-5-nitropyridine (8), 2-amino-3-
nitropyridine (9) and 4-amino-3-nitropyridine (150) was determined by GC
chromatography. The retension times for the different peaks were found by co-
chromatography. 2-amino-5-nitropyridine (8) was produced in the vicarious
nucleophilic substitution of 3-nitropyridine ( se chapter 5), and 4-amino-3-
nitropyridine (150) was provided by Dr. Jaroslav Riha, who synthesised this
compound as a intermediate in his synthesis of 3,4-diaminopyridine'®. The third
product peak was then asumed to be the 2-amino-3-nitropyridine. The retentsion
times were also in good accordance with the melting points reported for the three

compounds.!!

2-amino-5-nitropyridine (8)

2-Amino-5-nitropyridine (8) was isolated from the reaction in DMSO/water (3:1)
saturated with ammonia, by bubbling ammonia gas through the solution, in 66 %
yield. The product was isolated as desribed below.

The reaction was quenched with methanol, and the reaction mixture was poured
into water. The aqueous phase was then filtered and extracted by
dichloromethane. The product was transfered to an aqueous phase by extraction
of the dichloromethane by a 10% aq. HCl solution. The aqueous extract was
neutralised, and extracted with ethyl acetate. Evaporation of the ethyl acetate
extract gave a crude product, which was recrystallised from water/methanol to
give 2-amino-5-nitropyridine.

the melting point and spectroscopical data was in accordance with data reported
in Chapter 9.4.3.

Di-2-(5-nitropyridyl)amine (161)

The 'H-NMR spektrum were in accordance with literature.?’

'H-NMR (CDCl;, 300MHz): 9.23 ( 2H, d, J = 2.7 Hz, H-6), 8.56 (1H, br. s, NH ),
8.48 (2H, dd, ] =9.22, 2.7 Hz, H-4), 7.9 ( 2H, d, ] = 9.22 Hz, H-3) ppm.
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9.5.2. Oxidative amination with n-butylamine

2-n-Butylamino-5-nitropyridine (163)

3-Nitropyridine (24) (0.50 g, 4.00 mmol) was dissolved in n-butylamine (162)
(5 ml) and KMnO, (1.0 g, 6.3 mmol) was added. The reaction mixture was stirred

for 3 hours. More KMnO, (1g, 6.3 mmol) was added after one and two hours,

respectively. The reaction mixture was poured into water (50 ml). The water
solution was filtered and extracted with dichloromethane (3x 50ml). The organic
phase was washed with water (3 x50 ml) and concentrated to give a crude
product, which was crystallized from water/methanol to give 2-n-butylamino-5-
nitropyridine (163) (0.731 g, 92 % yield) as a light brown solid with a melting

point of 100.5 - 101.5 °C ( lit.!7 102 °C)

'H-NMR (300 MHz, CDCly): 9.00 (1H, d, J = 2.60 Hz, H-6), 8.17 (1H, dd, J =
9.31, 2.60 Hz, H-4), 6.38 (1H, d, J = 9.31 Hz, H-3), 3.40 (2H, br. m, NCH,), 1.62
(H, tt, J = 7.4, 7.3 Hz, HNCH,CH,CH,CH,), 1.43 (2H, tq, J = 7.4, 7.3 Hz,
HNCH,CH,CH,CH;), 0.97 (3H, t, ] = 7.3 Hz, HNCH,CH,CH,CH3) ppm.

3BC-NMR (CDCly): 161, 147, 136, 132, 105, 42, 31, 20, 14 ppm.

IR (KBr) 3234 (m), 2995 (w), 2952 (w), 2927 (m), 2866 (w), 1605 (s), 1588 (m),
1550 (w), 1496 (m), 1462 (w), 1424 (m), 1355 (m), 1326 (s), 1288 (s), 1166 (w),
1134 (m), 1117 (m), 1011 8w), 834 8m), 766 (m), 669 (m) cm’.

MS (m/z, rel. int. %) 196 (M+1, 2), 195 (M, 17), 179 (7), 166(20), 153 (19), 152
(100), 139 (24), 106 (60), 78 (9).

2-n-Butvlamino-4-phenyl-5-nitropyridine (166)

n-Butylamine (162) as solvent

4-Phenyl-3-nitropyridine (55) (1.00 g, 5.00 mmol) was dissolved in n-butylamine
(162) (10 ml) and KMnOy, (1.5 g, 9.45 mmol) was added. The reaction mixture

was stirred for 10 hours. More KMnO, (1.0g, 6.3 mmol) was added every hour.

The reaction mixture was poured into water (75 ml). The water solution was
filtered and extracted with dichloromethane (3 x 75ml). The organic phase was
washed with water (3 x 75 ml) and concentrated to give a crude product, which
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was crystallized from water/methanol to give 2-n-butylamino-4-phenyl-5-
nitropyridine (166) (1.016g, 75% yield).

n-Butylamine (162)/ DMSO (1:1) as solvent

4-Phenyl-3-nitropyridine (55) (1.00 g, 5.00 mmol) was dissolved in n-butylamine
(162) (5 ml) and DMSO (5 ml). KMnOy, (1.5 g, 9.45 mmol) was added. The

reaction mixture was stirred for 4 hours. More KMnO4 (1g, 6.3 mmol) was
added every hour. The reaction mixture was poured into water (75 ml). The water
solution was filtered and extracted with dichloromethane (3 x 75ml). The organic
phase was washed with water (3 x 75 ml) and concentrated to give a crude
product, which was crystallized from water/methanol to give 2-n-butylamino-4-
phenyl-5-nitropyridine (166) (1.098g, 81% yield).

The product was a yellow solid with a melting point of 105.0 -106.0 °C

IR (KBr): 3339 (w), 3225 (m), 3093 (w), 3001 (w), 2956 (m), 2927 (w), 2864
(m), 1609 (s), 1582 (m), 1526 (w), 1493 (m), 1438 (w), 1385 (w), 1337 (s), 1306
(s), 1280 (s), 1245 (s), 1141 (m), 1132 (m), 1037 (w), 1015 (w), 952 (w), 860
(m), 840 (m), 760 (m), 739 (m), 698 (m) cm’".

'H-NMR (300 MHz, CDCL,): 8.89 (1H, s, H-6), 7.43 (3H, m, Ph), 7.29 (2H, m,
Ph), 7.26 (1H, s, NH), 6.19 (1H, s, H-3), 3.36 (2H, t, ] = 6.7 Hz,
NHCH,CH,CH,CH,), 1.61 ( 2H, m, NHCH,CH,CH,CH;), 1.41 (2H, m,
NHCH,CH,CH,CH,), 0.96 (3H, t, J = 7.1 Hz, NHCH,CH,CH,CH;) ppm.

I3C-NMR (300 MHz, CDCly): 160, 148, 147, 136, 135, 129, 128, 127, 107, 45,
31, 20, 14 ppm.

MS (m/z, rel. int. %) 272 (M+1, 6), 271 (M, 29), 255 (8), 243 (6), 242 (37), 241

(14), 229 (33), 228 (100), 225 (13), 215 (28), 212 (7), 199 (7), 198 (30), 197 (7),
196 (7), 195 (17), 185 (10), 169 (8), 156 (12), 155 (65), 154 (17), 128 (11), 127

(11), 115 (12).

2-n-Butylamino-4-(tert-Butoxycarbonylamino)-5-nitropyridine (169)

4-(t-butoxycarbonylamino)-3-nitropyridine (168) (0.200 g, 0.84 mmol) was
dissolved in n-butylamine (162) (5 ml) and KMnO, (0.5 g, 3.15 mmol) was

added. The reaction mixture was stirred for 4 hours. DMSO (5 ml) was added to
the reaction mixture and stirring was continued for 2 more hours. More KMnQO,

113

URN:NBN:no-1302



Experimental

(0.30 g, 1.8 mmol) was added every hour. The reaction mixture was poured into
water (50 ml). The water solution was filtered and extracted with
dichloromethane (3 x 50 ml). The organic phase was washed with water (3 x 50
ml) and concentrated to give a crude product, which was crystallized from water/
methanol to give 2-n-butylamino-4-(#-butoxycarbonylamino)-5-nitropyridine
(169) (0.145 g, 56%) as a yellow solid with a melting point of 154.0-155.5 °C.

"H-NMR (300 MHz, CDCI3): 10.1 (1H, s, NH), 9.00 (1H, s, H-6), 7.45 (1H, s, H-
3), 5.33 (1H, br.s, NH), 3.50 ( 2H, br. m, NHCH,CH,CH,CH;) 1.6 (2H, m,
NHCH,CH,CH,CH3), 1.57 (9H, s, CH3), 1.45 (2H, m, NHCH,CH,CH,CH3),
0.98 3H, t, ] =7.29 Hz) ppm.

I3C-NMR (300 MHz, CDCl): 162, 154, 151, 150, 125, 113, 82, 42, 31, 28, 20,
13 ppm.

IR (KBr): 3341 (m), 3229 (s), 2291 (w), 2957 (m), 2932 (m), 2663 (w), 1736 (s),
1616 (s), 1577 (s), 1554 (m), 1514 (w), 1495 (w), 1454 (w), 1422 (m), 1368 (W),
1343 (m), 1302 (m), 1280 (s), 1248 (m), 1200 (w), 1154 (s), 1134 (m), 876 (w),
846 (w) cm™!.

MS (m/z, rel. int. %) 311 (M+1, 3), 310 (M, 18), 294 (6), 293 (27), 267 (5), 254
(12), 238 (10), 237 (32), 225 (41), 212 (32), 211 (78), 210 (14), 209 (5), 198 (38),
194 (9), 193 (26), 192 (19), 191 (4), 182 (7), 181 (39), 177 (5), 176 (5), 168 (23),
167 (93), 163 (10), 154 (26), 150 (14), 149 (53), 147 (13), 139 (8), 135 (15), 133
(10), 122 (10), 121 (54), 120 (20), 119 (13), 111 (12), 109 (10), 106 (11), 105 (8),
97 (17), 93 (15), 92 (13), 85 (16), 83 (18), 81 (17), 79 (15), 57 (100).

9.5.3. Oxidative amination with diethylamine
General procedure:

The 4-R-3-nitropyridine (102) (2 mmol) was dissolved in diethylamine (170)(3
ml) and DMSO (9 ml). KMnO, (0.80 g, 3.15 mmol) was added. The reaction
mixture was stirred 1- 8 hours. More KMnO, (0.80 g, 3.15 mmol) was added
after 0.5- 4 hours. The reaction mixture was poured into water (50 ml). The water
solution was filtered and extracted with dichloromethane (3 x 50 ml). The organic
phase was washed with water (3 x 50 ml) and concentrated to give a crude

product, which was recrystallized from water/methanol to give 2-diethylamino-4-
R-5-nitropyridine (174).
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2-Diethylamino-5-nitropyridine (171)
'H-NMR and !3C-NMR data were in accordance with literature.'®

The product was a yellow solid wiht a melting point of 75.0-76.0 °C ( lit.!* 75.2-
76.2 °C, 1it.'6 72-74 °C).

IR (KBr): 2987 (w), 2925 (w), 1596 (s), 1588 (m), 1527 (m), 1475 (w), 1430 (m),
1327 (s), 1292 (s), 1279 (s), 1268 (m), 1187 (w), 1157 (w), 1113 (s), 1075 (W),
1015 (w), 992 (w), 829 (m), 764 (w), 740 (w) cm\.

'H-NMR (300 MHz, CDCl;): 9.07 (1H, d, J = 2.7 Hz, H-6), 8.18 (1H, dd, ] = 9.5,
2.7 Hz, H-4), 6.43 (1H, d, ] = 2.7 Hz, H-3) 3.63 (4H, q, ] = 7.1 Hz, NCH,), 1.25
(6H, t, = 7.1 Hz, CH;).

13C-NMR (75 MHz, CDCly): 159, 147, 134, 133, 103, 43, 13 ppm.

MS (m/z, rel. int. %): 196 (M+1, 5), 195 (M, 55), 181 (8), 180 (100), 167 (6), 166
(75), 152 (60), 134 (27), 120 (42), 106 (41), 78 (17).
2-Diethylamino-4-cyano-5-nitropyridine (175)

The product was light brown needles, with a melting poin of 116.5-118.0 °C

"H-NMR (300 MHz, CDCl3): 9.92 (1H, s, H-6), 6.75 (1H, s, H-3), 3.65 (4H, brs,
CH,CH,NH), 1.28 (6H, t, ] = 7.1 Hz, CH;CH,NH) ppm.

I3C-NMR (75 MHz, CDCly): 159, 149, 132, 117, 115, 110, 43, 13 ppm.

IR (KBr): 3104 (w), 2979 (w), 2937 (w), 1597 (s), 1551 (s), 1482 (m), 1448 (m),
1366 (w), 1330 (s), 1297 (m), 1278 (s), 1096 (w), 1079 (w) em™".

MS (m/z, rel. int. %): 221 (M+1, 3), 220 (M, 23), 205 (81), 191 (55), 181 (18),
177 (29), 175 (14), 169 (17), 159 (19), 149 (6), 147 (11), 145 (18), 104 (7), 103
(6), 84 (11), 44 (100).

HRMS: calculated for C;yH;,N40,: 220.09603, observed: 220.09617
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2-diethylamino-4-methoxycarbonyl-5-nitropyridine (176)

The product was a light brown solid with a melting poin of 84.5-86.5 °C.

'H-NMR (300 MHz, CDCly): 8.97 (1H, s, H-6), 6.46 (1H, s, H-3), 3.97 3H, s,
OCHs,), 3.63 (4H, br s, CH;CH,NH), 1.25(6H, t, ] = 7.1 Hz, CH;CH,NH) ppm.

3C-NMR (75 MHz, CDCly): 167, 159, 148, 139, 131, 103, 53, 44, 13 ppm.

IR (KBr): 3444 (w), 2983 (), 2936 (w), 1736 (s), 1604 (s), 1553 (s), 1525 (m),
1492 (m), 1451(m), 1335 (s), 1287 (s), 1267 (s), 1079 (m) em™.

MS (m/z, rel. int. %): 254 (M+1, 4), 253 (M, 36), 238 (100), 225 (7), 224 (66),
210 (31), 148 (5), 134 (33), 120 (25), 106 (15).

HRMS: calculated for C;1H;5N304: 253.10626, observed: 253.10587

2-diethylamino-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine (177)
The product was a ligth brown solid with a melting point of 108.0-109.5 °C.

TH-.NMR (300 MHz, CDCly): 8.56 (1H, s, H-6), 6.64 (1H, s, H-3), 4.03 2H, t, J
=4.9 Hz, dioxolan protons) 3.72 (2H, t, J =4.9 Hz, dioxolan protons), 3.67 (4H,
br s, CH;CH,NH), 1.26 (6H, t, J = 7.1 Hz, CH;CH,NH ) ppm.

I3C-NMR (75 MHz, CDCly): 159, 148, 147, 136, 108, 102, 65, 44, 27, 13 ppm.

IR (KBr): 2973 (w), 2931 (w), 1596 (s), 1546 (m), 1506 (m), 1436 (w), 1370 (w),
1340 (s), 1273 (m), 1190 (w), 1040 (m) cm™..

MS (m/z, rel. int. %): 282 (M+1, 3), 253 (M, 20), 267 (5), 266 (40), 252 (12),
238 (10), 180 (25), 166 (28), 87 (100).

HRMS: calulated for C;3HgN3Oy4: 281.13756, Observed: 281.13801

116

URN:NBN:no-1302



Experimental

9.6. Nucleophilic alkylation of 3-nitropyridines

9.6.1. Reaction with chloroform

General procedure:

A solution of the 3-nitropyridine (3.0 mmol) and chloroform (4.5 mmol) in dry
DMF (3 ml) was added dropwise to a solution of potassium terz-butoxide (1.44 g,
12 mmol) in a mixture of dry DMF (2 ml) and dry THF (5 ml) precooled to

-78 °C under nitrogen atmosphere. The reaction was stirred for 1 min after
addition is finished, and then quenched with HCI (2ml) dissolved in methanol (4
ml). The mixture was allowed to reach room temperature and poored into water
(100 ml). The water phase was extracted with dichloromethane (3 x 50 ml). The
organic phase was washed with water (3 x 30 ml), dried with MgSO, and
evaporated to yield the crude product.

4-Dichloromethyl-3-nitropyridine (194)

The crude product was purified by column chromatography ( silica gel, hexane/
EtOAc 5:1). The product was a light yellow liquid. The "H-NMR data were in

accordance with literature.'®

H-NMR (300 MHz, CDCl,): 9.27 (1H, s), 9.00 (1H, d, ] = 5.2 Hz), 8.11 ( 1H, d,
J=5.2Hz), 7.60 (1H, s), 8.11 ( 1H, d, J = 5.2 Hz) ppm.

I3C-NMR (75 MHz, CDCL,): 158, 149, 145, 141, 126, 67 ppm.
MS (m/z, rel. int. %) 208 (M+2, 0.6), 207 (M+1, 0.6), 206 (M, 1), 176 (0.6), 173

(4), 162 (11), 161 (4), 160 (17), 144 (1), 143 (13), 140 (16), 136 (17), 135 (100),
134 (2), 133 (16), 125 (14), 124 (10), 114 (13), 113 (5), 112 (34), 97 (10).

2-(dichloromethyl)-4-(2-methyl-1,3-dioxolan-2-yi)-5-nitropyridine (195)

The crude product was recrystallized from methanol/water to give a light brown
solid with a melting point of 111.0-112.0 °C.
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"H-NMR (300 MHz, CDCls) 8.64 (1H, s, H-6), 8.05 (1H, s, H-3), 6.75 (1H, s,
CHCl,), 4.08 (2H, m, dioxolan protons), 3.72 (2H, m, dioxolan protons), 1.87
(3H, s, CHs) ppm.

BC-NMR (75 MHz, CDCl,): 161, 148, 146, 144, 120, 108, 70, 65, 27 ppm.

IR (KBr) 3101, 2995, 2905, 1600, 1562, 1540, 1375, 1366, 1277, 1231, 1200,
1173, 1134, 1118, 1031, 954, 887, 838, 788, 765, 744, 712, 668, 645 cm”.
MS (m/z, rel. int. %) 281 (6), 279 (45), 277 (M-15, 68), 235 (7), 233 (15), 124
(7), 87 (100), 43 (52).

Reaction of 4-phenyl-3-nitropyridine (55) with chloroform

The crude product was purified by dissolving it in a 10:1 pentane/

dichloromethane solution. This solution was cooled to -25 °C and left overnight.
the solution was filtered and the filtrate was evaporated to give a mixture of the
two isomers as a solid.

2-(dichloromethyl)-4-phenyl-5-nitropyridine (196)

"H-NMR (300 MHz, CDCl;): 8.99 (1H, s, H-6), 7.88 (1H, s, H-3), 7.55 (3H, m,
Ph protons), 7.38 ( 2H, m, Ph protons), 6.80 (1H, s, CHCl,) ppm.

GC-MS : (m/z, rel. int. %) 284 (M+2, 3), 282 (M, 5), 256 (15), 254 (25), 247
(15), 221 (25), 220 (12), 219 (75), 216 (9), 193 (10), 192 (13), 191 (28), 173 (10),
166 (13), 164 (20), 162 (12), 155 (15), 153 (10), 140 (25), 139 (100), 128 (22),
127 (45), 126 (35).

2-(Dichloromethyl)-4-phenyl-3-nitropyridine (197)

"H-NMR (300 MHz, CDCl;): 8.88 (1H, d, J = 4.92 Hz, H-6), 7.55 (3H, m, Ph
protons), 7.50 ( 1H, d, J =4.92 Hz, H-5), 7.38 (2H, m, Ph protons), 6.92 (1H, s,
CHCI,) ppm.
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GC-MS : (m/z, rel. int. %) 284 (M+2, 5), 282 (M, 7), 267 (10), 265 (17), 258 (5),
256 (27), 254 (51), 247 (5), 239 (15), 237 (23), 230(7), 221 (15), 220 (10), 219
(52), 216 (19), 203 (9), 202 (13), 201 (14), 200 (14), 193 (7), 192 (5), 191 (20),
183 (28), 175 (10), 173 (22), 167 (27), 166 (45), 164 (30), 157 (5), 155 (65), 153
(45), 152 (17), 145 (50), 140 (99), 139 (100), 138 (22), 129 (15), 128 (35), 127
(80), 126 (90), 117 (45), 115 (62), 77 (99).

2-(dichloromethyl)-4-methyl-5-nitropyridine (198)

The crude product was dissolved in a pentane/dichloromethane solution (15:1),
and this solution was cooled to and stored overnight at -25 °C for the starting
material and by-products to precipitate. The solution was filtered and the filtrate
was evaporated to give 2-(dichloromethyl)-4-methyl-5-nitropyridine (198) in
38% yield of a oil, with a purity of 93% (GC).

"H-NMR (300 MHz, CDCl,): 9.11 (1H. s, H-6), 7.80 (1H, s, H-3), 6.75 (1H, s,
CHCl,), 2.74(3H, s, CH;) ppm.

3C-NMR (75 MHz, CDCl,): 161, 146, 145, 125, 125, 70, 31 ppm.

IR (neat): 3000 (w), 2961 (w), 2932 (W), 2667 (w), 1609 (s), 1556 (m), 1526 (s),
1470 (w), 1445 (w), 1376 (w), 1352 (s), 1302 (w), 1173 (w), 1096 (w), 1036 (W),
1014 (w), 957 (W), 840 (s), 806 (w), 785 (m), 747 (m).

MS (m/z, rel. int. %): 222 (M+2, 5), 220 (M, 9) 207 (3), 205 (21), 203 (29), 187
(33), 186 (10), 185 (100), 176 (8), 174 (12), 139 (18), 138 (17), 128 (14), 114
(13), 113 (15), 112 (33), 111 (33), 102 (11), 100 (14), 99 (6), 93 (15), 87 (7), 77
(42), 76 (14), 75 (24), 74 (7), 73 (12), 71 (34).

1-(dichloromehtyl)-4-nitroisoquinoline (199)

The crude product was dissolved in pentane/dichloromethane solution (15:1).

This solution was cooled overnight at -25°C. The solution was filtered and the
filtrate evaporated to give 1-(dichloromethyl)-4-nitroisoquinoline (199) in a 69%

yield, as a light yellow solid with a melting point of 144.0-145.5 °C
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'H-NMR (CDCl;, 300 MHz) 9.13 (1H, s, H-3 ), 8.83 (1H, d, J = 8.6 Hz, H-8),
8.63 (1H, d, J = 8.0 Hz, H-5), 8.04 (1H, dd, J = 6.9, 8.6 Hz, H-7), 7.91 (1H, dd, J
=6.9, 8.0 Hz, H-6), 7.30 (1H, s, CHCl,) ppm.

Irradiation of the signal at 7.3 ppm (CHCI,) gave a 3.6 % positive NOE effect on
signal at 8.83 ppm (H-8).

I3C-NMR (75 MHz, CDCl,): 160, 138 (c-3, d, J = 190 Hz), 133, 129.3, 129.1,
125, 124.9, 123, 70 ppm.

IR (KBr) 3022 (w), 1616 (w), 1588 (w), 1552 (w), 1519 (s), 1502 (m), 1379 (),
1356 (w), 1323 (s), 1290 (w), 1241 (m), 830 (s), 803 (m), 774 (), 652 (m) cm’.

MS (m/z, rel. int. %): 260 (M+4, 5), 259 (M+3, 4), 258 (M+2, 32), 257 (M+1, 6),
256 (M, 49), 242 (4), 228 (16), 226 (23), 224 (10), 223 (32), 222 (30), 221 (100),
212(7),210 (11), 192 (17), 191 (13), 177 (5), 176 (16), 175 (11), 174 (27), 173
(5), 164 (10), 163 (9), 162 (11), 156 (14), 149 (11), 141 (17), 140 (92), 139 (7),
129 (41), 128 (19), 127 (13), 115 (9), 114 (12), 113 (25), 101 (14), 97 (10), 95
(10).

9.6.2. Reaction of 3-nitropyridines with methyl chloroacetate (201)

t-BuOK (10 mmol) in 10 ml THF was added dropwise to a solution of the 3-
nitropyridine (24) (3.0 mmol) and methyl chloroacetate (201) (5 mmol) dissolved
in 10 ml THF. The reaction was stirred for 20 minutes and then quenched with
water (20 ml) saturated with NH,Cl. The reaction mixture was then extracted
with dichloromethane (3x50 ml). The organic phase was washed with water (50
ml) and dried (MgSO,) and evaporated to give the crude product.

Methyl (3-nitropyridin-4-yl) acetate (202)

The crude product was dissolved in a 10:1 mixture of pentane/dichloromethane

and stored at -25 °C overnight, The solution was filtered and the filtrate was
evaporated to give a light brown liquid in a 63 % yield.

'H-NMR ( 300 MHz, CDCly): 9.30 (1H, s, H-2), 8.79 (1H, d, J = 5.0 Hz, H-6),
7.36 (1H, d, J = 5.0 Hz, H-5), 3.93 (2H, s, Ar-CH2-CO,CHj), 3.73 3H, s, CH;)
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I3C-NMR (75 MHz, CDCLy): 170, 154, 146, 145, 138, 127, 52, 39 ppm.

MS (m/z, rel. int. %) 196 (M, 2) 166 (2), 165 (24), 151 (10), 150 (100), 138 (9),
135 (9), 92 (18), 79 (11).

IR (neat): 2955 (m), 1739 (s), 1608 (m), 1555 (w), 1529 (s), 1437 (w), 1405 (w),
1353 (s), 1298 (w), 1229 (m), 1173 (m), 1053 (w), 1000 (w), 901 (w), 871 (w),
849 (w), 824 (w), 726 (m), 688 (w) cm’!.

9.6.3. Reaction of 3-nitropyridine (24) with ethyl 2-chloropropionate (203)

t-BuOK (10 mmol) in THF (10 ml) was added dropwise to a solution of
3-nitropyridine (24) (372 mg, 3.00 mmnol) and ethyl 2-chlorpropionate (203)
(680 mg, 5 mmol) dissolved in THF (10 ml). The reaction was stirried for 20
minutes and then quenched with water (20 ml) saturated with NH,Cl. The
reaction mixture was then extracted with dichloromethane (3 x 50 ml) The
organic phase was washed with water (50 ml), dried (MgSO,) and evaporated to
give the crude product.

The crude product was dissolved in a 10:1 mixture of pentane/ dichloromethane
and stored at -25 °C overnight. The solution was then filtered. The filtrate was
evaorated to give a light brown liquid. Which was an aproximately 1:1 mixture of
the ethyl 2-(3-nitropyridin-4-yl) propionate (204) and Ethyl 2-(3-nitropyridin-2-
yl) propionate (205)

Ethyl 2-(3-nitropyridin-4-yl) propionate (204)

'H-NMR (300 MHz, CDCl,): 9.05 (1H, s, H-2), 8.79 (1H, d, ] = 5.16 Hz, H-6),
8.45 (1H, d, J = 5.16 Hz, H-5), 4.31 (1H, s, CH;CHRCO,C,Hy), 1.56 (2H, q, J =
7,CH,), 1.20 3H, t,J =7 Hz, CH3), 1.15 (3H, t, ] =7 Hz, CH3) ppm.

Ethyl 2-(5-nitropyridin-2-yl) propionate (205)

"H-NMR (300 MHz, CDCl,): 9.24 (1H, d, J = 2.55 Hz, H-6), 8.37 (1H, d, ] =
8.63 Hz, H-3), 7.47 (1H, dd, J = 8.63, 2.55 Hz, H-4), 4.31 (1H, s,
CH;CHRCO,C,Hs), 1.56 (2H, q,J =7, CH,), 1.20 (3H, t, ] =7 Hz, CH3), 1.15
(3H, t, J =7 Hz, CH;) ppm.
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9.7. Tranformation of 3-nitropyridines

Methyl 3-nitroisonicotinate (42)

Experimental procedure and spectroscopical data is given in chapter 9.2.

3-Nitro isonicotinamide (52)

Methyl 3-nitroisonicotinate (42) (1.655 g, 9.03 mmol) was dissolved in a 28 %
solution of ammonia in water (60 ml). The solution was refluxed for 45 min.
More 28% ammonia solution (10 ml) was added and the solution refluxed for
another 30 min. The solvent was evaporated and the crude product was purified
by flash chromatography (EtOAc/hexane 9:1) to give 1.115 g (74 % yield)
3-nitroisonicotinamide (52) as a pale yellow solid with a meting point of 165.0-

167.0 °C (lit.*? 168-170 °C)

"H-NMR (D,0, 300 MHz): 9.37 (1H, s, H-2), 8.96 (1H, d, ] = 5.0 Hz, H-6), 7.75
(1H, d, J =5.0 Hz, H-5) ppm.

I3C-NMR (75 MHz, CD;0D): 168, 154, 145, 142, 140, 123 ppm.

IR (KBr) 3354 (m), 3162 (m), 1680 (s), 1607 (m), 1548 (m), 1522 (s), 1485 (w),
1408 (m), 1391 (m), 1357 (3), 1237 (w), 1190 (w), 867 (m) cm™".

MS (m/z, rel. int. %) 168 (M+1, 7), 167 (M, 66), 152 (8), 151 (100), 150 (8), 124
(16), 121 (15), 93 (33), 78 (29)

Methyl N-(3-nitropyridin-4-vl) carbamate (220)

To a solution of 3-nitroisonicotinamide (52) ( 0.272 g, 1.62 mmol), AgOAc (
0.334 g, 2 mmol) and methanol (1 ml) in dry DMF (10 ml), A solution of NBS
(0.380, 2.1 mmol) in dry DMF (5 ml) was added. The reaction mixture was
stirred overnight at room temperature under an argon atmosphere. The solvent
was removed under reduced pressure. The residue was dissolved in dichlo-
romethanedichloromethane (300 ml) and washed with a 10% solution of
NaHCO; (20 ml), saturated NaCl solution (20 ml) and water (20 ml). The organic
phase was concentrated. The crude product was purified by flash chromatography
(CHCI,/Et,0 9:1) giving methyl N-(3-nitropyridin-4-yl) carbamate (78 mg, 24%)
as a white solid with a melting point of 141.5-143.0 °C (lit.2! 140-142 °C).
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H-NMR (300 MHz, CDCL,): 10.04 (1H, s, NH), 9.37 (1H, s, H-2), 8.66 (1H, d, ]
= 6.0 Hz, H-6). 8.56 (1H, d, J = 6.0 Hz, H-5), 3.89 (3H, s, OCH;) ppm.

3C-NMR (CDCl;, 75 MHz) 155, 152, 147, 141, 131, 113, 53 ppm.

IR (KBr): 3432 (m), 3283 (m), 3138 (w), 2923 (w), 1740 (s), 1698 (m), 1605 (s),
1525 (m), 1494 (s), 1447 (m), 1411 (m), 1350 (s), 1244 (s), 1209 (m), 1176 (s),
1119 (w), 1054 (m), 948 (w), 875 (w), 843 (W), 767 (w) cnr’.

MS (m/z, rel. int. %) 198 (M+1, 3), 197 (M, 35), 165 (6), 152 (9), 151 (100), 136

(19), 135 (6), 122 (8), 121 (9), 119 (10), 99 (9), 94 (16), 93 (10), 92 (10), 91 (9),
80 (7), 79 (31), 78 (11).

t-Butyl N-(2-n-Butylamino-5-nitropyridin-4-yl) carbamate (222)

For experimental and spectroscopic data se Chapter 9.5.2.
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	Scheme 2.3. The Chicibabin reaction.

	Good leaving groups such as halides can be displaced by a number of nucleophiles. One example is ...
	Scheme 2.4. Nuclephilic substitution of chlorine.

	Hydride is a poor leaving group. Therefore, methods have been developed in order to perform nucle...
	Vicarious nucleophilic substitution (VNS) permits the introduction of amino groups ortho or para ...
	Scheme 2.5. Vicarious nucleophilic substitution of hydrogen.

	Oxidative nucleophilic substitution of hydrogen (ONSH) is another method.The intermediate from th...
	Scheme 2.6. Mechanism for the formation of the main isomer (9) in the oxidative nucleophilic subs...

	Pyridine N-oxide (10) and pyridinium salts (26) are more susceptible to nucleophilic attack than ...
	Scheme 2.7. Nucleophilic addition on pyridinium salts (26).
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	3. Nitration of pyridines
	3.1. Introduction


	Nitration of pyridines by electrophilic aromatic substitution takes place with great difficulty, ...
	In 1993 Suzuki and co-workers reported the nitration of pyridine (1) with nitrogen dioxide and oz...
	3.5 % yield of 3-nitropyridine (24) and 1.2 % of 3,5-dinitropyridine (29).4
	Bakke and co-workers reported in 1994 that pyridine (1) could be nitrated by dinitrogenpentoxide ...
	Scheme 3.1. Nitration of pyridine (1) by N2O5 and SO2 or NaHSO3 in water.

	3-Nitropyridines can also be synthesized by oxidation of 3-aminopyridine (31) with hydrogen perox...
	2,6-dichloropyridine (32) with nitronium tetrafluoroborate gave a 11 % yield of
	3-nitropyridine (24) after dehalogenation.9 24 has also been prepared from 2- chloro-3-nitropyrid...
	Electron donating substituents like amino and hydroxy groups facilitate nitration reaction. Elect...
	3.2. The nitration of pyridines with dinitrogen pentoxide and SO2/ HSO3-
	3.2.1. Background for the present project


	The metode for nitration of pyridine (1) with dinitrogenpentoxide was discovered in Prof. Bakkes ...
	The author started his work at the end of the projects of Dr Eli Ranes and Dr. Jaroslav Riha. The...
	In 1994 Bakke and co-workers reported that pyridine (1) and some substituted pyridines could be n...
	Scheme 3.2. Nitration of pyridine (1) with dinitrogen pentoxide in liquid sulfur dioxide/water.

	Sulfur dioxide was found to act as nucleophile, which attacked in either 2- or 4- position of the...
	Other nucleophiles were tried and a new procedure without use of liquid sulfur dioxide was develo...
	The nitration was found to go by the mechanistical path described in Scheme 3.3. For a more detai...
	Scheme 3.3. Reaction mechanism for nitration of pyridine (1).
	3.2.2. Results and discussion

	When this work started three different procedures for the nitration had been reported.5,6 Pyridin...
	Dr. Eli Ranes showed in her dr. thesis11 that the yields from procedure C could be improved by ad...
	Procedure C and D gave good yields for some substrates, but 4-substituted pyridines in many cases...
	Methyl isonicotinate (38) was used as a test substrate. The ester group is a electron withdrawing...
	To further improve the yield the following parameters were studied:
	1. The effect of concentration of the nucleophile
	2. The effect of the reaction medium
	3. The effect of the temperature
	The effect of concentration of nucleophile
	In procedure C the products from the nitration of methyl isonicotinate reaction was the methyl 3-...
	Scheme 3.4. Products from nitration of substituted pyridines

	The effect of changes in the bisulfite ion concentration in the aqueous solution was studied.The ...
	Table 3.1 Yield of 4-methoxycarbonyl-3-nitropyridine (42) from nitration of methyl isonicotinate ...

	Eqv.
	NaHSO3
	Yield
	(%)
	6
	38
	3
	55
	1.5
	~25
	The effect of the reaction medium
	Before the present investigation all reactions of N-nitropyridinium nitrates (44) with a nucleoph...
	The reaction rate of the intermediates in the nitration reaction has been found by Dr. Eli Ranes ...
	Methyl 3-nitroisonicotinate (38) was nitrated with an increasing proportion of methanol in the bi...
	Table 3.2 Yield of methyl 3-nitroisonicotinate (42) from nitration with different proportions of ...

	% MeOH
	Yield (%)
	0
	61
	25
	68
	50
	74
	75
	75
	The results showed an increase of the yield of nitrated product when increasing proportions of me...
	Another effect of using methanol/water as solvent is that the reaction mixture becomes more homog...
	Figure 3.1. 1H-NMR specter of a reaction mixture from nitration of methyl isonicotinate with N2O5...
	Figure 3.2. 1H-NMR specter of a reaction mixture from nitration of methyl isonicotinate with N2O5...

	The methode with use of 3 equivalents of bisulfite in a solution of 75% methanol in water was nam...
	Table 3.3. shows the results from nitration of pyridine (1) and substituted pyridines by the diff...
	Table 3.3 .Results from nitration of pyridine (1) and substituted pyridines, by different methods...

	Product
	A
	(%)
	C
	(%)
	D
	(%)
	E
	(%)
	3-Nitropyridine (24)
	63
	68
	77
	77
	2-Methyl-5-nitropyridine (45)
	42
	19
	36
	36
	3-Methyl-5-nitropyridine (46)
	26
	5
	24
	20
	3-Acetyl-5-nitropyridine (47)
	33
	18
	3-Chloro-5-nitropyridine (48)
	15
	11
	4-Methyl-3-nitropyridine (49)
	54
	24
	33
	39
	4-Acetyl-3-nitropyridine (37)
	75
	56
	67
	58
	4-Benzoyl-3-nitropyridine (50)
	74
	3-Nitropyridine-4-carboxylic acid (51)
	60
	36
	15
	48
	Methyl 3-nitroisonicotinate (42)
	55
	75
	3-Nitropyridine-4-carboxamide (52)
	50
	3-Nitro-4-pyridinecarbaldehydeA (53)
	35
	4-Cyano-3-nitropyridine (54)
	33
	26
	45
	4-Phenyl-3-nitropyridine (55)
	37
	69
	5-Phenyl-3-nitropyridine (56)
	23
	2,3-Dimethyl-5-nitropyridine (57)
	46
	14
	37
	2,4-Dimethyl-5-nitropyridine (58)
	66
	45
	64
	3,4-Dimethyl-5-nitropyridine (59)
	58
	14
	20
	3-Nitroquinoline (60)
	16
	7
	10
	4-Nitroisoquinoline (61)
	32
	35
	32
	42
	A) Protected as the dioxolane
	Table 3.3 shows that procedure E gave higher yields than procedure C and D for some substrates. P...
	The effect of the temperature
	The use of methanol-water solutions made it possible to run the reaction at low temperature. The ...
	methyl isonicotinate (38) was reacted with sodium bisulfite in a methanol/water (3:1) solution at...
	3.3. Conclusion

	The effects of different parameters in the nitration of pyridines with N2O5 and then sodium bisul...
	The number of equivalents of sodium bisulfite was found to be important in the nitration reaction...
	The effect upon changes in polarity of the reaction media were investigated. When the reaction wa...
	When the reaction was performed at low temperatures no significant improvement was observed, and ...
	From the results obtained, a new procedure for nitration of pyridine (1) and substituted pyridine...
	Procedure E can for many of the substrates compete well with previous presented procedures for ni...
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	4. The reaction mechanism of the nitration of pyridine
	4.1. Previous investigations
	4.1.1. Reaction outline



	The reaction mechanism for the nitration of pyridines with dinitrogen pentoxide, has been studied...
	Scheme 4.1. Proposed mechanism for the nitration of pyridine with binitrogenpentoxide. The step i...

	Pyridine (1) reacts with dinitrogen pentoxide (DNP) in an organic solvent to give N-nitropyridini...
	The reaction step in bold shows the step where the nitro group migrates from the ring nitrogen to...
	4.1.2. The migration of the nitro group

	The migration of the nitro group could take place either as a concerted reaction by a [1,5]-sigma...
	Dr. Eli Ranes found that the ionic mechanism could be excluded because a change in the ionic stre...
	Kinetic results from the reaction of the 1,2-dihydropyridine intermediate (34), obtained by dr. E...
	Scheme 4.2. Possible pathways for the nitro group migration from 1 to 3 position in the reaction ...

	A fourth possible mechanism where the nitro group migrated via the nucleophile in 2-position coul...
	4.2. Result and discussion
	4.2.1. NMR studies of nitration of 3-substituted pyridines


	With 3-substituted pyridines, an attack of the nucleophile in either 2- or 6- position gives two ...
	Scheme 4.3. Possible intermediates in nitration of 3-substituted pyridines with dinitropentoxide.

	The intermediates formed when 3-substituted pyridines were nitrated with dinitrogen pentoxide and...
	3-Acetylpyridine (78) and 3-methylpyridine (87) were chosen as substrates for this study. They we...
	4.2.2. Intermediates in nitration of 3-acetylpyridine (78)

	The nitration reaction for 3-acetylpyridine (78) was performed in an NMR tube, using a 1:1 mixtur...
	Reaction of the 3-acetyl-N-nitropyridinium nitrate (79) with the nucleophile gave the three inter...
	Scheme 4.4. Intermediates from the reaction of 3-acetyl-N-nitropyridinium nitrate (79) with sodiu...

	In Figure 4.1. the variation of concentration of the different intermediates with time are shown....
	Figure 4.1. Variation of concentration of the different intermediates with time. The temperature ...

	Intermediate 82 was only observed at a low concentration, and it was therefore not possible to ha...
	The decrease in concentration of 81 was accompanied by an increase in the concentration of interm...
	Scheme 4.5. Reaction pathway for the migration of the nitro group in intermediate 81 to intermedi...

	In order to distinguish between intermediate 83 and 84 (Figure 4.2.), 1H-13C correlation NMR spec...
	Figure 4.2. Possible tetrahydro intermediates in nitration of 3-acetylpyridine (78)

	In the nitration of 3-acetylpyridine (78), 3-nitropyridine (24) was observed as a by-product, whe...
	Scheme 4.6. Possible reaction path for the formation of 3-nitropyridine (24) in the nitration of ...
	4.2.3. Intermediates in nitration of 3-methylpyridine.

	The results from 3-methylpyridine (87) were analogous to the those from 3- acetylpyridine (78), b...
	The 1,2-dihydropyridine intermediate (88a) from attack of the nucleophile on the same side as the...
	The 3-methyl-1,4-tetrahydropyridine intermediate 89 was also identified by 1H and 1H-1H correlati...
	Figure 4.3. Intermediates in the nitration of 3-methylyridine.
	4.2.4. Yields in nitrations of 3-substituted pyridines

	Generally nitration of 3-substituted pyridines gives low yields, around 15-35 %. This can be expl...
	1,2-dihydrointermediates (74 and 75), which again react selectively to give two different tetrahy...
	Scheme 4.7. Reaction scheme for the reaction of 3-substituted N-nitropyridinium nitrate with sodi...
	4.2.5. Viscosity of the solvent

	White8 has reported that in the nitramine rearrangement, in which the nitro group is believed to ...
	Similarly methyl isonicotinate (38) was nitrated in a 75% methanol in water and a 60% glycerol in...
	4.3. Conclusion

	The mechanism for the nitration of pyridine compounds has been investigated, especially the migra...
	Scheme 4.8.
	Scheme 4.8. Reaction mechanism for the nitration of pyridine (1) with dinitropyridine and sodium ...

	Pyridine (1) reacts with N2O5 to form N-nitro pyridinium nitrate (30), which in the aqueous solut...
	The low yields for 3-substituted pyridines were explained by the proposed mechanism.
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	5. Selective vicarious nucleophilic amination of 3-nitropyridines
	5.1. Introduction
	5.1.1. Vicarious nucleophilic amination of nitroaromatics



	The concept of vicarious nucleophilic substitution of hydrogen in electron deficient arenes was i...
	The example in Scheme 5.1. shows a nitrogen nucleophile, with a leaving group X, reacting with 3-...
	Scheme 5.1. Mechanism for the vicarious nucleophilic substitution of hydrogen, where X is a good ...

	The kinetics of the vicarious nucleophilic substitution reaction is described in Scheme 5.2. The ...
	Scheme 5.2. Reaction scheme for vicarious nucleophilic substitution.

	The overall rate for formation of 95 is assumed to be
	(5.1)
	where kVNS is the observed rate constant.
	As described in Scheme 5.2. the reaction can be divided into two steps. The rate of formation of ...
	(5.2)
	Since it can be assumed that the H-adduct 94 is short lived, the steady-state approximation can b...
	(5.3)
	Rearrangement of equation 5.3 gives the following expression for [94]:
	(5.4)
	Equation 5.4 is then inserted into equation 5.2:
	(5.5)
	This gives the following expression for kVNS:
	(5.6)
	Equation 5.6 can be simplified under certain conditions to Equation 5.7 and 5.8:2
	when (5.7)
	when (5.8)
	In equation 5.7 the reaction rate is first order in base concentration, and it depends also on th...
	Nitrogen nucleophiles are relatively week nucleophiles compared to carbanion nucleophiles, and no...
	Vicarious nucleophilic substitutions with nitrogen nucleophiles have proved to be a useful tool f...
	Figure 5.1. Reagents used in vicarious nucleophilic amination of nitroarenes: hydroxylamine (96),...

	With use of hydroxylamine (96) the hydroxy anion is the leaving group together with the sp3-proto...
	Scheme 5.3. Amination of nitronafthalene (100) with hydroxylamine (96)

	For 4-amino- or alkylamino-1,2,4-triazole (97, 98) the aromatization is facilitated by the elimin...
	Katrizky and Laurenzo aminated substituted nitrobenzenes (102) in good yield with 4-amino-1,2,4-t...
	Scheme 5.4. Amination of substituted nitrobenzenes (102) with 4-amino-1,2,4- triazole (97).

	Sulfenamides (RSNH2) (99) have also been proved to be effective in amination of nitroarenes.6 The...
	5.1.2. Amination of 3-nitropyridines

	2-Amino-5-nitropyridines have previous been synthesized by oxidative amination of nitropyridines ...
	Hydroxy, methoxy and halogens can be exchanged by an amine. Therefore, if the the para hydroxy, m...
	Seko and Miyake have reported the amination of a few 2- and 6-substituted 3-nitropyridines by use...
	Makosza and Bialecki aminated some nitropyridines by sulfenamides (99). Amination of 4-ethoxy-3-n...
	5.2. Results and discussion

	As shown in Chapter 5.1.2., there are three main reagents for amination of nitroarenes: hydroxyla...
	96 and 97 are both commercial available, but 99 have to be prepared from the respective thiolates...
	The procedures for amination by 96 and 97 were first optimized for 3-nitropyridine (24). This com...
	For experimental details see Chapter 9, where the procedures, melting points and spectroscopical ...
	5.2.1. Amination of 3-nitropyridine with hydroxylamine
	Scheme 5.5. Amination of 3-nitropyridine (24) with hydroxylamine (96).

	3-Nitropyridine (24) was reacted with hydroxylamine (96) as described by Price and Voong.11 Ethan...
	Table 5.1 Results from amination of 3-nitropyridine (24) with hydroxylamine (96)

	Solvent
	Base
	Ekv. Base
	Ekv NH2OH
	Catalyst
	Temp.
	(oC)
	Rx. time (h)
	Isolated yield (%)
	1
	EtOH
	KOH
	5
	3
	-
	50
	2
	28a
	2
	EtOH
	KOH
	5
	3
	-
	50
	2
	42b
	3
	EtOH
	KOH
	5
	3
	-
	50
	2
	45c
	4
	EtOH
	KOH
	1
	3
	-
	50
	2
	mixture
	5
	EtOH
	KOH
	3
	3
	ZnCl2
	50
	2
	51
	6
	EtOH
	KOH
	5
	3
	ZnCl2
	50
	2
	52
	7
	EtOH
	KOH
	5
	3
	ZnCl2
	22
	16
	54
	8
	MeOH
	ButOK
	4
	3
	ZnCl2
	22
	16
	42
	9
	H2O
	KOH
	7
	3
	ZnCl2
	22
	16
	26
	10
	DMSO
	ButOK
	2
	1,5
	ZnCl2
	0
	2
	mixture
	11
	EtOH
	KOH
	5
	3
	CuCl2
	22
	16
	21
	a) KOH added to a solution of hydroxylamine (96) and 3-nitropyridine (24)
	b) Hydroxylamine (96) added to a solution of KOH and 3-nitropyridine (24)
	b) 3-Nitropyridine (24) added to a solution of KOH and hydroxylamine (96)
	Since the yield in the amination was low, further optimalization was necessary. In the original p...
	In order to prevent these side reactions, the procedure was changed so that the hydroxylamine (96...
	To make sure that the concentration of unreacted 3-nitropyridine (24) was low compared to concent...
	Seko and Miyake used the Lewis acid zinc dichloride as a catalyst in their reactions with O-methy...
	When the reaction was performed at room temperature instead of 50 oC, the reaction time was incre...
	Since the yield still was only moderate by use of potassium hydroxide in ethanol, some attempts t...
	Use of a stronger base such as potassium tert-butoxide in dry methanol, to give potassium methoxi...
	Water was tried as solvent and potassium hydroxide as base, but then only a 26% yield of 2-amino-...
	Finally when the reaction was done in DMSO and with potassium tert-butanol as base a complex mixt...
	Attempts to change the Lewis acid from ZnCl2 to CuCl2 gave a yield of only 21 % (entry 11, Table ...
	In conclusion, the best yield (54 %) was obtained when 3-nitropyridine (24) was added to a stirri...
	The advantage of this procedure was the use of inexpensive and ready available reagents. No inert...
	5.2.2. Amination of 3-nitropyridine (24) with 4-amino-1,2,4-triazole (97)
	Scheme 5.6. Amination of 3-nitropyridine (24) with 4-amino-1,2,4-triazole (97).

	Katrizky and Laureno have shown that 4-amino-1,2,4-triazole (97) can be used in vicarious nucleop...
	3-Nitropyridine (24) was aminated with 4-amino-1,2,4-triazole (97) (Scheme 5.6.). First the origi...
	Table 5.2 . Results from amination of 3-nitropyridine (24) by 4-amino-1,2,4- triazole (97).

	Entry
	Solvent
	Base
	Rx time (h)
	Yield (%)
	1
	DMSO
	t-BuOK
	5
	76
	2
	DMSO
	t-BuOK
	5
	74a
	3
	DMSO
	KOH
	5
	56
	4
	MeOH
	t-BuOK
	5
	----
	5
	MeCN
	t-BuOK
	5
	26
	6
	DMF
	t-BuOK
	5
	44
	a) Base added to a stirring solution of 24 and 97.
	When 3-nitropyridine (24) was aminated by the Katrizky procedure,4,5 2-amino- 5-nitropyridine (8)...
	In entry 1, 24 was added to a stirred solution of potassium tert-butanol and 4-amino-1,2,4-triazo...
	Use of potassium hydroxide as base instead of potassium tert-butanol reduced the yield to 56 % (e...
	Acetonitrile and DMF as solvents gave yields of 26 and 44%, respectively (entries 5 and 6, Table ...
	In conclusion, the original procedure used on nitrobenzene (93) proved to be the best also for 3-...
	5.2.3. Amination of 4-methyl-3-nitropyridine (49)

	4-Methyl-3-nitropyridine (49) was first aminated with hydroxylamine (96) and potassium hydroxide ...
	Scheme 5.7. Amination of 4-methyl-3-nitropyridine (49).

	After heating to 50 oC for 2 hours, 2-amino-4-methyl-5-nitropyridine (109) could be isolated in a...
	By following the reaction on GC, this reaction was found to be slower than the reaction with 3-ni...
	Amination of 4-methyl-3-nitropyridine (49) with 4-amino-1,2,4-triazole (97) in DMSO and potassium...
	In both systems the isomer with the amine para to the nitro group was the only isomer obtained. N...
	2-Amino-4-methyl-5-nitropyridine (109) has previous been made by nitration of 2-amino-4-methylpyr...
	5.2.4. Amination of 5-methyl-3-nitropyridine (46)

	5-Methyl-3-nitropyridine (46) was aminated by hydroxylamine (96) in ethanol with potassium hydrox...
	Scheme 5.8. Amination of 5-methyl-3-nitropyridine (46).

	A 56% yield of 2-amino-3-methyl-5-nitropyridine (112) was obtained as the only product. The react...
	46 was also aminated with 4-amino-1,2,4-triazole (97) in DMSO with potassium tert-butoxide as bas...
	The low reactivity in both reactions can be explained by the electron donating methyl group, and ...
	The melting point and spectroscopic data for the products obtained from both methods were in acco...
	2-Amino-3-methyl-5-nitropyridine (112) has previous been synthesized by nitration of 2-amino-3-me...
	5.2.5. Amination of methyl 3-nitroisonicotinate (42)

	Methyl 3-nitroisonicotinate (42) was aminated by hydroxylamine (96) in dry methanol with sodium m...
	Scheme 5.9. Amination of methyl 5-nitroisonicotinate (42).

	Methanol as solvent and methoxide as base were chosen because an attack on the ester group from t...
	Amination of 42 in DMSO with 4-amino-1,2,4-triazole (97) and potassium-tert- butoxide, gave only ...
	Esters can react with nitrogen nucleophiles as hydroxylamine, giving the N-hydroxyamides. An exam...
	Scheme 5.10. Reaction of methyl benzoate (114) with hydroxylamine (96) to give N-hydroxy benzamid...

	No literature references were found for methyl 2-amino-5-nitroisonicotinate (113). Elemental anal...
	5.2.6. Amination of 4-cyano-3-nitropyridine (54)

	Amination of 4-cyano-3-nitropyridine (54) both with hydroxylamine (96) and 4-amino-1,2,4-triazole...
	Scheme 5.11. Amination of 4-cyano-3-nitropyridine (54)

	For the reaction with 97 a GC-MS of the product mixture was performed. One of the peaks in the GC...
	One possible side reaction for 54 is substitution of the nitro group. Dr. Eli Ranes showed in her...
	Cyano groups can also react with nitrogen nucleophiles as shown in Scheme 5.12.16 This reaction w...
	Scheme 5.12. Reaction of 4-cyanobenzene (118) with hydroxylamine (96).
	5.2.7. Amination of 4-(1,3-dioxolan-2-yl)-3-nitropyridine (53)

	As the aldehyde group of 4-pyridinecarboxaldehyde (120) is very reactive, it has to be protected ...
	53 was aminated with hydroxylamine (96) in ethanol with KOH as base and ZnCl2 as catalyst. 2-Amin...
	Scheme 5.13. Amination of protected 4-carbaldehyde-3-nitropyridine (53).

	53 was also aminated with 4-amino-1,2,4-triazole (97) in DMSO with potassium t-butoxide as base. ...
	Elemental analysis was in good accordance with calculated values. The spectroscopical data were a...
	No literature references were found for 122.
	5.2.8. Amination of 4-acetyl-3-nitropyridine (37)

	An attempt to aminate 4-acetyl-3-nitropyridine (37) with hydroxylamine (96) in ethanol with KOH a...
	123 was aminated with hydroxylamine (96) in ethanol with KOH as base and ZnCl2 as catalyst. Addit...
	Scheme 5.14. Amination of protected 4-acetyl-3-nitropyridine (123) to yield 2-amino-4-(2-methyl-1...

	123 was also aminated with 4-amino-1,2,4-triazole (97) in DMSO with t- butoxide as base. 124 was ...
	Elemental analysis was in good accordance with calculated value. The spectroscopical data were al...
	No literature references were found for 124.
	124 was deprotected in a 66% hydrochloric acid solution in a 98 % yield of 2-amino-4-acetyl-5-nit...
	5.2.9. Amination of 4-phenyl-3-nitropyridine (55)

	4-Phenyl-3-nitropyridine (55) was aminated with hydroxylamine (96) in ethanol with KOH as base an...
	Scheme 5.15. Amination of 4-phenyl-3-nitropyridine (55) to yield 2-amino-4-phenyl-5-nitropyridine...

	55 was also aminated with 4-amino-1,2,4-triazole (97) in DMSO with potassium tert-butoxide as bas...
	Elemental analysis was in good accordance with calculated values. Melting point and spectroscopic...
	5.2.10. Amination of 5-phenyl-3-nitropyridine (56)

	5-Phenyl-3-nitropyridine (56) was aminated with hydroxylamine (96) in ethanol with KOH as base an...
	Scheme 5.16. Amination of 4-phenyl-3-nitropyridine (56) to yield 2-amino-3-phenyl-5-nitropyridine...

	5-Phenyl-3-nitropyridine (56) was also aminated with 4-amino-1,2,4-triazole (97) in DMSO with pot...
	Melting point and spectroscopical data were in accordance with literature.
	127 has previous been synthesized from reaction of 5-nitropyrimidine (128) with -phenylacetamidin...
	5.2.11. Amination of 4-nitroisoquinoline (61)

	4-Nitroisoquinoline (61) was aminated with hydroxylamine (96) in ethanol with KOH as base and ZnC...
	Scheme 5.17. Amination of 4-nitroisoquinoline (61) to yield 1-amino- 4-nitroisoquinoline (130).

	4-Nitroisoquinoline (61) was also aminated with 4-amino-1,2,4-triazole (97) in DMSO with potassiu...
	Elemental analysis was in accordance with the suggested structure. The melting point was found to...
	Since there were no reports in the literature of the other possible isomer, 3-amino- 4-nitroisoqu...
	Figure 5.2. Two possible isomers for the product from amination of 4-nitroisoquinoline (61) with ...

	Carbon 3 in 130 do not have any geminal or vicinal protons, so the only expected coupling would b...
	The conclusion is therefore that the obtained product was the para isomer 130.
	5.2.12. General trends and side reactions

	The yields of substituted 2-amino-5-nitropyridines (134) from amination of ten different nitropyr...
	Scheme 5.18. Amination of substituted 3-nitropyridine (133).
	Table 5.3 Yields (isolated) for the amination of R-3-nitropyridine (133) to give R-2-amino-5-nitr...

	R
	(133)
	X =
	NH2OH
	X= 4-amino- 1,2,4-triazole
	R
	(134)
	Details in chapter:
	H (24)
	54
	76
	H (8)
	5.2.1., 5.2.2.
	4-CH3 (49)
	42
	61
	4-CH3 (109)
	5.2.3.
	5-CH3 (46)
	56
	59
	3-CH3 (112)
	5.2.4.
	4-CO2CH3 (42)
	30
	11
	4-CO2CH3 (113)
	5.2.5.
	4-CN (54)
	mix
	mix
	4-CN (116)
	5.2.6.
	4-CHOA (53)
	47
	47
	4-CHOA (122)
	5.2.7.
	4-COCH3A (123)
	63
	65
	4-COCH3A (124)
	5.2.8.
	4-Ph (55)
	64
	79
	4-Ph (126)
	5.2.9.
	5-Ph (56)
	35
	66
	3-Ph (127)
	5.2.10.
	4-nitroisoquinoline
	(61)
	23
	65
	1-Amino-4-nitro
	isoquinoline (130)
	5.2.11.
	A) Protected as dioxolan
	It is difficult to find some general trends for the effect of the different substituents, because...
	Electron withdrawing substituents make the nitropyridine more electrophilic. Such substrates woul...
	When the system is activated by an electron withdrawing substituent the rate of the inter- or int...
	Scheme 5.19. Pathway for inter- and intramolecular oxidation of the -adduct (92) in the oxidative...

	For the 4-cyano-3-nitropyridine (54) and methyl 3-nitroisonicotinate (42) the nucleophile could r...
	The amination procedure with hydroxylamine (96) is probably more suitable than the 4-amino-1,2,4-...
	In general 97 gave better yields than hydroxylamine (96). Methyl 5-nitroisonicotinate (42) was th...
	In general the amination reaction was much faster with the 4-amino-1,2,4-triazole (97) system. Th...
	4-amino-1,2,4-triazole (97) is also a bulkier nucleophile than hydroxylamine (96) and this may le...
	Many of the aminated products have not been reported before. The vicarious nucleophilic amination...
	5.3. Conclusion

	Nine different substituted 3-nitropyridines together with 4-nitroisoquinoline (61) have been amin...
	By this a general method for the selective preparation of 3- and 4-substituted 2- amino-5-nitropy...
	The use of hydroxylamine (96) is the simpler and cheaper method. All the reagents are inexpensive...
	The use of 4-amino-1,2,4-triazole (97) gave better yields for most of the substrates, but require...
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	6. The selective oxidative amination of 3-nitropyridines
	6.1. Introduction
	6.1.1. Oxidative nucleophilic substitution of hydrogen



	Nucleophilic substitution of halogens in halonitroarenes is a well known process of great practic...
	Scheme 6.1. Two different routes for reaction of p-chloronitrobenzene (138) with a nucleophile.
	6.1.2. Mechanism of oxidative amination

	An outline of the mechanism is given in Scheme 6.2.with nitrobenzene (143) as example. The nucleo...
	Scheme 6.2. Reaction scheme for the oxidative nucleophilic substitution of hydrogen.

	The overall rate for formation of product 145 is assumed to be
	(6.1)
	where kOXAM is the observed rate constant
	The reaction is assumed to follow the pathway in Scheme 6.2. If the concentration of oxidant is a...
	(6.2)
	For details on how the expression for kOXAM was found see Chapter 5.1.1.
	Equation 6.2 can be simplified under certain conditions to Equation 6.3 and 6.4:
	when (6.3)
	when (6.4)
	In equation 6.3 the reaction rate is first order in oxidating agent concentration, and it depends...
	6.2. Oxidative amination of azaaromatics5,6
	6.2.1. Introduction


	Van der Plas and Wozniak have reported oxidative amination of a number of azaaromatics.5,6 Reacti...
	Scheme 6.3. Amination of quinoline by KNH2 in NH3/ KMnO4 at different temperatures.5

	In some cases the H-adducts are stable enough to be identified by 1H- and 13C- NMR spectroscopy. ...
	Figure 6.1. Resonance structures of the most termodynamic stable H adduct (149) from amination of...
	6.2.2. Oxidative amination of 3-nitropyridines

	Wozniak and coworkers have aminated some 3-nitropyridines by the liquid ammonia/ KMnO4 method at ...
	Scheme 6.4. Oxidative amination of 3-nitropyridine (24) by liquid ammonia / KMnO4 at -33 oC

	In this reaction no intermediate -adduct was observed by 1H-NMR spectroscopy. The equilibrium bet...
	Some substituted 3-nitropyridines were aminated by the same method.7 4- Chloro- 3-nitropyridine (...
	Wozniak and Szpakiewicz also reported that when 3-nitropyridine (24) was reacted with methylamine...
	6.3. Results and discussion
	6.3.1. Aminination of 3-nitropyridines with ammonia


	Reported amination of 3-nitropyridine (24) with KMnO4 in liquid ammonia at -33 oC gave a mixture ...
	Scheme 6.5. Outline of the reaction steps in the oxidative amination of 3-nitropyridine with ammo...

	At low temperature these oxidative nucleophilic substitutions of hydrogens (ONSH) are often under...
	The low boiling point of ammonia made use of other solvents necessary.
	There are also some limitations due to the reaction conditions. The use of the strong oxidizing a...
	3-Nitropyridine (24) was aminated by ammonia and KMnO4 in different solvents and under different ...
	Scheme 6.6. Product from amination of 3-nitropyridine (24) with ammonia/ KMnO4
	Table 6.1 . Reaction of 3-nitropyridine (24) with ammonia in the presence of KMnO4 to give 2-amin...

	Solvent
	Conditions
	Reaction time (h)
	Conversion (%) GC
	Composition (%) GC
	8
	9
	150
	161
	Water, NH 3 28%
	Stirring
	20
	20
	7
	3
	10
	-
	Water, NH 3 28%
	Supersonic mixing
	3
	80
	68
	1
	11
	-
	DMSO, NH3
	atmosphere
	3
	80
	43
	0.2
	37
	-
	DMSO/t-BuOK 50/ 50, NH3 atmosphere
	6
	78
	59
	-
	19
	-
	DMSO/Water 75/25,
	NH3 7%
	15
	85
	37
	-
	1
	47
	DMSO/Water 75/25,
	NH3 7%
	Stream of NH3 passed through
	15
	90
	88
	66a
	-
	2
	-
	a) Isolated yield
	Use of ammonia (28 %) in water at room temperature was tried. This resulted in a low conversion e...
	In order to increase the homogeneity of the system, supersonic mixing was used. This greatly incr...
	By using DMSO as a solvent the problem with solubility of 24 was solved, but the solubility of am...
	An experiment with a 50/50 mixture of DMSO/ t-butanol under a NH3 atmosphere was tried in an atte...
	To obtain thermodynamic control in the system k2[Ox] must be considerably smaller than k -1 (Equa...
	By changing the solvent to a DMSO/water (saturated with ammonia) system, the activity of KMnO4 sh...
	In this system the initial concentration of ammonia was 7 %, and during the reaction this was red...
	Scheme 6.7. Route to formation of di-2-(5-nitropyridyl)amine (161).

	This side reaction was suppressed by bubbling NH3 into the solution and thereby maintaining a con...
	These result show that the oxidative amination of 3-nitropyridine can be selective if the right r...
	6.3.2. Oxidative amination of 3-nitropyridines with primary amines

	Wozniak and Szpakiewicz reported that several nitropyridines reacted with KMnO4 in liquid methyla...
	Scheme 6.8. Oxidative amination of 3-nitropyridine (24) by n-butylamine (162) and KMnO4

	From this reaction a 92 % isolated yield of 2-butylamino-5-nitropyridine (163) was obtained. GC a...
	Scheme 6.9. Oxidative amination of 4-phenyl-3-nitropyridine (55) by n- butylamine (162) and KMnO4.

	4-Phenyl-3-nitropyridine (55) was reacted with n-butylamine (162) and KMNO4 as described for 3-ni...
	t-Butyl N-(3-nitropyridin-4-yl) carbamate (168) was reacted with n-butylamine (162) as solvent an...
	Scheme 6.10. Oxidative amination of 4-(tert-Butoxycarbonylamino)-3- nitropyridine (168) with n-bu...

	After four hours of stirring, no conversion was observed so DMSO was added to give a 1:1 solution...
	6.3.3. Oxidative amination of 3-nitropyridines with secondary amines

	The result from reaction of different 3-nitropyridines by n-butylamine made it natural to try the...
	Scheme 6.11. Oxidative amination of 3-nitropyridine (24) by diethylamine (170) and KMnO4.
	Table 6.2 Results from oxidative amination of 3-nitropyridine (24) with diethylamine (170) at 20 oC.

	Solvent
	(% in diethylamine)
	Conversion
	24 h GC (%)
	para-isomer
	(%, GC)
	171
	ortho-isomers
	(%, GC)
	172 + 173
	100% Diethylamine
	0
	----
	------
	50% DMF
	90
	75
	25
	5% DMF
	70
	87
	13
	75% Ethyl acetate
	6
	90
	10
	75% Diglyme
	65
	45
	55
	50% Diglyme
	52
	66
	34
	75% Water
	<1
	-------
	-------
	75% DMSO
	98 (60A)
	98
	2
	A) Isolated yield
	Use of polar solvents like DMF and diglyme increased the conversion, probably due to increased so...
	When the reaction was performed in 75 % DMSO the conversion was almost complete and the selectivi...
	The reaction system with DMSO/diethylamine (170) (75/25) was used on some 4-substituted 3-nitropy...
	Scheme 6.12. Amination of 4-substituted 3-nitropyridines (40) with diethylamine (170)/ KMnO4.
	Table 6.3 Reaction of 4-R-3-nitropyridines (40) with diethylamine (170)/DMSO 25/75 and KMnO4 at 2...

	R
	Product
	Yield (%)
	CN
	2-Diethylamino-4-cyano-5-nitropyridine (175)
	41
	COOCH3
	2-Diethylamino-4-methoxycarbonyl-5-nitropyridine (176)
	48
	COCH3 A
	4-Acetyl-2-diethylamino-5-nitropyridineA (177)
	72
	A) Protected with ethylene glycol
	As seen in Table 6.3., the DMSO/diethylamine (170) system gave moderate to good yields for the di...
	6.3.4. Limitations and side reactions

	The use of KMnO4 makes some limitations for these reactions. As mentioned earlier solvents that i...
	The amines used as nucleophiles can be oxidized by KMnO4. In acidic solution the majority of amin...
	The product from the oxidative amination can also react either as a nucleophile to give a dimer, ...
	These several possible side reactions in the oxidative amination of 3-nitropyridines, makes it im...
	6.4. Conclusion

	New methods have been developed to selectively aminate 3-nitropyridine (24) in the para position,...
	n-Butylamine (162) and diethylamine (170) were also used as nucleophiles in oxidative amination, ...
	The high regioselectivity is explained by that under the reaction conditions used, the reaction i...
	The method developed makes it possible to aminate 3-nitropyridines with substituents that is not ...
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	7. Nucleophilic alkylations of 3-nitropyridines
	7.1. Introduction
	7.1.1. Reactions of aromatic and heteroaromatic compounds with C-nucleophiles



	Carbon-carbon bond formation is of great importance in organic synthesis. Much work has been done...
	If the nitropyridine contains a good leaving group such as methoxy or a halogen, this group can b...
	Scheme 7.1. Substitution of the methoxy group in 4-methoxy-3-nitropyridine (180) by the dimethyl ...

	If the substrate does not contain a leaving group, nucleophilic substitution can be done by e.g. ...
	Vicarious nuleophilic substitution
	Figure 7.1. Carbon nucleophile for vicarious nucleophilic substitutions

	Many carbanions with the structure [R(W)-C-L]- (Figure 7.1.), where L represents a leaving group ...
	Scheme 7.2. Vicarious nucleophilic substitution on 4-chloronitrobenzene (138) with chloromethyl p...

	With the proper nucleophile the vicarious substitution is faster than conventional substitution o...
	Oxidative nucleophilic substitution
	Makosza and co-workers reacted nitroarenes with the 2-phenylpropanenitrile carbanion (185) in an ...
	Scheme 7.3. Oxidative nucleophilic substitution of nitrobenzene (83) with 2- phenylpropanenitrile...
	7.1.2. Reactions of 3-nitropyridines with C-nucleophiles

	Makosza and Owczarczyk reacted 3-nitropyridine (24) and 2-substituted 5-nitropyridines (187) with...
	2-chloro-5-nitropyridine (189), the substitution occurred both at 4 and 6 position. The total yie...
	Scheme 7.4. Reaction of 3-nitropyridines(24) with chloroform and potassium t-butoxide.4

	Makosza and co-workers also reacted 4-ethoxy-3-nitropyridine (105) with ethyl dichloroacetate (19...
	Scheme 7.5. Reaction of 4-ethoxy-3-nitropyridine (105) with ethyl dichloroacetate (190).

	Makosza and Ludwiczak reacted 4-methoxy-3-nitropyridine (105) and chloromethyl phenyl sulfone (18...
	Scheme 7.6. Reaction of 4-methoxy-3-nitropyridine (105) with chloromethyl phenyl sulfone (183).6

	Some examples of oxidative nucleophilic substitution of 3-nitropyridines is also known. Makosza a...
	Scheme 7.7. Reaction of 4-ethoxy-3-nitropyridine (105) with 2-phenylpropanenitrile carbanion (185...
	7.2. Results and discussion

	As 3-nitropyridines now are readily available from the nitration method developed in Prof. Bakkes...
	7.2.1. Chloroform as nucleophile

	No 4-substituted 3-nitropyridines (40) were reacted with chloroform by Makosza and Owczarczyk. Th...
	Two problems are described for these reactions. The first is the stability of the chloroform carb...
	As a start Makosza and Owczarczyk’s results4 were repeated (Scheme 7.8.).
	3-Nitropyridine (24) was reacted with chloroform, with potassium t-butoxide as base, at -78 oC in...
	Scheme 7.8. Vicarious nucleophilic substitution of 3-nitropyridine (24) with chloroform.

	This was in accordance with Makosza and Owczarczyk’s results. The 1H-NMR spectrum of the product ...
	Since 4-substituted 3-nitropyridines (40) have not been reacted under these conditions before, th...
	4-(2-Methyl-1,3-dioxolan-2-yl)-3-nitropyridine (123) was reacted with chloroform in THF/DMF (1:1)...
	Scheme 7.9. Vicarious nucleophilic substitution of 4-(2-methyl-1,3-dioxolan-2- yl)-3-nitropyridin...

	2-(Dichloromethyl)-4-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine (195) was isolated in a 83% yie...
	4-Phenyl-3-nitropyridine (55) was reacted with chloroform in THF/DMF (1:1) at -78 oC with potassi...
	Scheme 7.10. Vicarious nucleophilic substitution of 4-phenyl-3-nitropyridine (55) with chloroform.

	An approximately 5:1 mixture of 2-(dichloromethyl)-4-phenyl)-5-nitropyridine (196) and 2-(dichlor...
	4-Methyl-3-nitropyridine (49) was reacted with chloroform in THF/DMF (1:1) at -78 oC with potassi...
	Scheme 7.11. Vicarious nucleophilic substitution of 4-methyl-3-nitropyridine (49) with chloroform.

	GC analyses of the crude product showed that if contained approximately 60 % starting material (4...
	The low reactivity of this substrate can be explained by the electron donating methyl group, whic...
	4-Nitroisoquinoline (61) was reacted with chloroform in THF/DMF (1:1) at -78 oC with potassium t-...
	Scheme 7.12. Vicarious nucleophilic substitution of 4-nitroisoquinoline (61) with chloroform and ...

	1-(Dichloromethyl)-4-nitroisoquinoline (199) was isolated in 69% yield. Starting compound was rec...
	The position of the substituent in the product was identified by NOE and gated decoupled 13C-NMR ...
	Scheme 7.13. Two possible products from reaction of 4-nitroisoquinoline (61) with chloroform.

	Irradiation of the proton in the CHCl2 group, gave a positive NOE effect of 3.6 % on what must be...
	In conclusion, the reaction of 4-substituted 3-nitropyridines (40) gave mainly substitution para ...
	7.2.2. Methyl chloroacetate and ethyl 2-chloropropionate as nucleophiles

	Some introductory experiments with methyl chloroacetate (201) and ethyl 2-chloropropionate (203) ...
	None of these experiments were optimized, and more work has to be done on these reaction before a...
	First 3-nitropyridine (24) was reacted with methyl chloroacetate (201) in THF with potassium t-bu...
	Scheme 7.14. Reaction of 3-nitropyridine (24) with methyl chloroacetate (201) and potassium t-but...

	The reaction was performed at room temperature. Methyl (3-nitropyridin-4-yl) acetate (201) was is...
	Different 4-substituted 3-nitropyridines (40) were then reacted with 201 in THF with potassium t-...
	All of these reactions gave mainly starting compound and a mixture of several other products.
	Scheme 7.15. Attempts to react 4-substituted 3-nitropyridines (40) with methyl chloroacetate (201...

	Ethyl 2-chloropropionate (203) was tested as vicarious nucleophilic substitution reagent by react...
	Scheme 7.16. Reaction of 3-nitropyridine (24) with ethyl 2-chloropropionate (203) and potassium t...

	The reaction was performed at room temperature. An approximately 1:1:1 mixture (GC) of 3-nitropyr...
	7.2.3. General trends

	For 3-nitropyridine (24) the 4-position was the preferred carbon for substitution both for the ch...
	This distinct difference in regioselectivity between 201 and 203 under the same reaction conditio...
	When the 4-position was blocked by a substituent, reaction with chloroform gave preferably 2-dich...
	Methyl chloroacetate (201) did not react under the conditions used when the 4- position in 3-nitr...
	7.3. Conclusion

	Some 4-substituted 3-nitropyridines (40) were reacted with chloroform in vicarious nucleophilic s...
	When methyl chloroacetate (201) was tried as vicarious nucleophilic substitution reagent, 3-nitro...
	The more bulkier nucleophile ethyl 2-chloropropionate (203) gave a 1:1 mixture of substitution at...
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	8. Transformations of 3-nitropyridines
	8.1. Introduction


	In Prof. Bakke’s group several members have been working with parallel strategies toward the synt...
	Scheme 8.1. Synthetic route to substituted 3,4-diaminopyridines (213) and substituted 1,3-dihydro...

	3,4-Diaminopyridine (215) and imidazo[4,5-c]pyridines (219) have previous been synthesized by Dr....
	The imidazo[4,5-c]pyridines (219) were synthesized in 52 - 65 % overall yield from 208.
	Scheme 8.2. Syntetic route to 3,4-diaminopyridine (215) and imidazo [4,5-c]pyridines (219).1
	8.2. Results and discussion

	The key compound in the synthetic route in Scheme 8.1. is the nitrated carbamate 210, which was a...
	Scheme 8.3. Nitration of methyl isonicotinate (38).

	Methyl isonicotinate (38) was nitrated by N2O5 and sodium bisulfite in methanol/ water as describ...
	Scheme 8.4. Synthesis of 3-nitroisonicotinamide (52) from reaction of methyl 3- nitroisonicotinat...

	The procedure for conversion of the methyl ester group to an amide was based on a literature proc...
	Scheme 8.5. Hofmann rearrangement of 3-nitroisonicotinamide (52).

	The amide substituent in 3-nitroisonicotinamide (52) was transformed by a Hofmann rearrangement t...
	AgOAc, 52 and methanol was dissolved in dry DMF and NBS in dry DMF was added slowly. The reaction...
	The conversion seemed to be good from 1H-NMR spectroscopy of the reaction mixture, but probably s...
	Since the yield in the Hofmann rearrangement was low, alternative routes to 220 are under investi...
	The synthetic route to 3,4-diaminopyridine (215) from methyl isonicotinate via a Hofmann rearrang...
	Some preliminary experiments were done to see if it was possible to do oxidative aminations on th...
	Scheme 8.6. Oxidative amination of t-butyl-3-nitropyridin-4-yl carbamate.

	t-Butyl N-(3-nitropyridin-4-yl) carbamate (221) provided by Dr. Hanna S. H. Gautun was dissolved ...
	8.3. Conclusion

	Methyl 3-nitropyridin-4-yl carbamate (220) was syntesized in three steps in a overall yield of 13...
	t-Butyl N-(3-nitropyridin-4-yl) carbamate (221) was aminated with n-butylamine (162) and KMnO4 to...
	8.4. References
	1. J. M. Bakke and J. Riha, J. Heterocyclic Chemistry, 36, 1143 (1999).
	2. M. Charton, R. Gawinecki, D. Rasala, W. Kraus, P. Tomasik, Chem. Scrip., 25, 340 (1985).
	3. S. Jew, H. G. Park, H. Park, M. Park and Y. Cho, Tetrahedron Lett., 31, 1559 (1990).

	9. Experimental
	9.1. General


	Chemicals
	All chemicals and solvents were of synthetic grade and were used without further purification unl...
	Instrumentation
	1H- and 13C-NMR spectra were recorded on Bruker Avance DPX300 or 400 instruments. Chemical shifts...
	Infrared spectra were obtained on a Nicolet 20SXC Ft-IR Spectrometer.
	MS spectra were recorded on a Finnigan MAT 95 XL instrument.
	GC analyses were performed on a Chrompack 9000 with split injection and CP- Sil5CB column (25 m, ...
	GC-MS spectra were recorded on a Fision Intruments TRIO 1000 GC-MS System.
	Melting points are uncorrected and were measured using a Büchi melting point apparatus.
	Elemental Analyses were determined by the Laboratory of Organic Elemental Analysis, Prague Instit...
	9.2. Nitration
	9.2.1. General nitration procedures


	Procedure A
	Sulphur dioxide (25ml) and dinitrogen pentoxide (2.7 g, 25 mmol) were mixed at -30 oC with stirri...
	Procedure C
	A solution was made of either nitromethane or dichloromethane (12.5 ml) and dinitrogen pentoxide ...
	Procedure D
	A solution was made of either nitromethane or dichloromethane (12.5 ml) and dinitrogen pentoxide ...
	(~6.25 mmol) was either added with a syringe through a septum or as a solid in portions. This res...
	Procedure E
	A solution was made of either nitromethane or dichloromethane (12.5 ml) and dinitrogen pentoxide ...
	Work up procedure
	The acidic water solution was allowed to react at room temperature for 2-100 hours before extract...
	9.2.2. Nitration of substituted pyridines

	3-Methyl-5-nitropyridine (46)
	3-Methylpyridine (87) was nitrated by procedure A. The product, 3-methyl-5- nitropyridine (46), w...
	1H-NMR (300 MHz, CDCl3): 9.26 (1H, d, J = 2.3 Hz, H-2), 8.75 (1H, d, J = 1.0 Hz, H-6) 8.30 (1H, d...
	13C-NMR (75 MHz, CDCl3): 156, 144, 143, 134, 132, 19 ppm.
	IR (KBr): 3042 (m), 2967 (w), 2931 (w), 2867 (w), 1610 (w), 1596 (w), 1570 (m), 1522 (s), 1450 (m...
	MS (m/z, rel. int. %): 139 (M+1, 3), 138 (M, 63), 92 (100), 86 (22), 84 (44), 69 (8), 65 (80), 57...
	4-Methyl-3-nitropyridine (49)
	4-Methylpyridine (65) was nitrated by procedure A. The product, 4-methyl-3- nitropyridine (49), w...
	1H-NMR (300 MHz, CDCl3): 9.15 (1H, s, H-2), 8.64 (1H, d, J = 5.02 Hz, H-6), 7.30 (1H, d, J = 5.02...
	13C-NMR (75 MHz, CDCl3): 153, 146, 146, 143, 128, 20 ppm.
	IR (neat): 3062 (w), 2990 (w), 2933 (w), 2865 (w), 1609 (s), 1554 (m), 1524 (s), 1486 (m), 1445 (...
	MS (m/z, rel. int. %): 139 (M+1, 1), 138 (M, 11), 121 (37), 92 (24), 88 (12), 86 (65), 84 (100), ...
	4-Acetyl-3-nitropyridine (37)
	4-Acetylpyridine (223) was nitrated by procedure E, 4-acetyl-3-nitropyridine (37) was obtained in...
	1H-NMR (300 MHz, CDCl3): 9.38 (1H, s, H-2), 8.97 (1H, d, J = 4.85 Hz, H-6), 7.36 (1H, d, J = 4.85...
	13C-NMR (75 MHz, CDCl3): 155, 146, 145, 141, 121, 198, 30 ppm.
	IR (KBr): 3188 (w), 3078 (w), 3017 (w), 2922 (w), 2873 (v), 1772 (v), 1715 (s), 1607 (m), 1527 (s...
	MS (m/z, rel. int. %): 167 (M+1, 1), 166 (M, 14.2), 152 (4), 151 (48), 136 (6), 124 (11), 78 (14)...
	3-Nitropyridine-4-carboxylic acid (51)
	Pyridine-4-carboxylic acid (62) was nitrated by Procedure A. The reaction mixture was continuousl...
	1H-NMR, 13C-NMR and IR spectra were in accordance with literature data3,4.
	1H-NMR (300 MHz, DMSO): 9.26 (1H, s, H-2), 9.01 (1H, d, J = 4.9 Hz, H-6), 7.86 (1H, d, J = 4.9 Hz...
	13C-NMR (75 MHz, DMSO): 164, 155, 150, 145, 136, 123 ppm.
	IR (KBr): 3060(v), 2427 (m), 1854 (m), 1728 (m), 1613 (w), 1556 (s), 1478 (v), 1412 (w), 1375 (s)...
	MS (m/z, rel. int. %): 169 (M+1, 6), 168 (M, 85), 124 (10), 123 (32), 122 (100), 106 (10), 94 (80...
	Methyl 3-nitroisonicotinate (42)
	Metyl isonicotinate (38) was nitrated by procedure E, in 75% yield. Methyl 3-nitroisonicotinate (...
	13C-NMR3, 1H-NMR4 and IR4 were in accordance with literature.
	1H-NMR (300 MHz, CDCl3): 9.18 (1H, s, H-2), 8.85 (1H, d, J = 5.0 Hz, H-6) 7.71 (1H, d, J = 5.0 Hz...
	13C-NMR (75 MHz, CDCL3): 169, 157, 148, 145, 138, 123, 57 ppm.
	IR (KBr): 3100 (v), 3070 (m), 2800 (w), 2700-2200 (w, br) 1750 (s), 1650 (m), 1590 (m), 1490 (s),...
	MS (m/z, rel. int. %): 183 (M+1, 8), 182 (M, 85), 152( 8), 151 (100), 137 (11), 136 (100), 122 (6...
	4-Cyano-3-nitropyridine (54)
	4-Cyanopyridine (64) was nitrated by procedure A. The crude product was crystallized from diethyl...
	IRspectrum was in accordance with literature data.4
	1H-NMR (300 MHz, CDCl3): 9.61 (1H, s, H-2), 9.14 (1H, d, J = 4.9 Hz, H-6) 7.86 (1H, d, J = 4.9 Hz...
	13C-NMR (75 MHz, CDCL3): 156, 147, 143, 128, 116, 113 ppm.
	IR (KBr): 3099 (w), 3056 (w), 2869 (w), 2242 (w), 1604 (s), 1548 (s), 1530 (s), 1405 (m), 1350 (s...
	MS (m/z, rel. int. %): 150 ( M+1, 4), 149 (M, 63), 103 (100), 91 (9), 76 (48), 75 (12), 64 (5).
	4-Phenyl-3-nitropyridine (55)
	4-Phenylpyridine (24) was nitrated using procedure D The pH in the water phase was adjusted to ar...
	1H-NMR (300 MHz, CDCl3): 9.09 (1H, s, H-2), 8.82 (1H, d, J = 5.05 Hz, H-5), 7.43 (1H, d, J = 5.05...
	13C-NMR (75 MHz, CDCL3): 153, 146, 145, 144, 134, 130, 129, 128, 126 ppm.
	IR (KBr): 3051 (w), 2868 (w), 1594 (m), 1536 (s), 1518 (s), 1473 (w), 1443 (w), 1403 (w), 1357 (s...
	MS (m/z, rel. int. %): 201 (M+1, 3), 200 (M, 26), 199 (9), 184 (5), 173 (13), 172 (100), 171 (23)...
	5-Phenyl-3-nitropyridine (56)
	3-Phenylpyridine (225) was nitrated by procedyre D. The pH of the bisulfite solution was adjusted...
	1H-NMR, 13C-NMR and IR spectra were in accordance with literature.8
	1H-NMR (300 MHz, CDCl3): 9.43 (1H, d, J = 2.4 Hz, H-2), 9.16 (1H, d, J = 2.0 Hz, H-6) 8.68 (1H, d...
	13C-NMR (75 MHz, CDCL3): 153.6, 144.9, 143.8, 138.0, 135.6, 129.9, 129.8, 129.3, 127.7 ppm.
	IR (KBr): 3033 (w), 2921 (w), 2852 (w), 1593 (w), 1562 (m), 1522 (s), 1499 (m), 1446 (w), 1352 (s...
	MS (m/z, rel. int. %): 201 (M+1, 13), 200 (M, 100), 155 (11), 154 (67), 153 (8), 128 (10), 127 (4...
	4-(1,3-Dioxolan-2-yl)-3-nitropyridine (53)
	4-(1,3-Dioxolan-2-yl)-pyridine (121)
	Pyridine-4-carbaldehyde (120) (6.72 g, 0.063mol) was dissolved in toluene (20 ml), and treated dr...
	1,2-Ethanediol (12 ml) and p-toluenesulfonic acid (0.8 g, 0.0042 mol ) were added, and the soluti...
	1H-NMR (300 MHz, CDCl3): 8.66 (2H, d, J = 6.0 Hz, H-2 and H-6), 7.40 (2H, d, J = 6.0 Hz, H-3 and ...
	13C-NMR (75 MHz, CDCl3): 150, 147, 121, 102, 77 ppm.
	IR (KBr): 3040 (w), 2979 (w), 2691 (w), 1728 (m), 1605 (m), 1566 (m), 1479 (m), 1411 (s), 1394 (m...
	MS (m/z, rel. int. %): 152 (M+1, 2), 151 (M, 10), 150 (M-1, 20), 149 (25), 121 (5), 119 (10), 106...
	4-(1,3-Dioxolan-2-yl)-3-nitropyridine (53)
	4-(1,3-Dioxolan-2-yl)-pyridine (121) was nitrated by procedure C.
	4-(1,3-Dioxolan-2-yl)-3-nitropyridine (53) was isolated as a yellow oil in a 35% yield after flas...
	1H-NMR (300 MHz, CDCl3): 9.15 (1H, s, H-2), 8.86 ( 1H, d, J = 5.1 Hz, H-6), 7.74 (1H, d, J = 5.1 ...
	13C-NMR (75 MHz, CDCl3): 154, 146, 142, 138, 121, 99, 66 ppm.
	IR (KBr) 3040 (w), 2963 (w), 2892 (w), 1728 (s), 1605 (m), 1566 (m), 1478 (m), 1411 (s), 1394 (s)...
	MS (m/z, rel. int. %): 197 (M +1, 5), 195 (M-1, 5), 180 (5), 179 (40), 150 (6), 149 (83), 136 (12...
	4-Nitroisoquinoline (61)
	Isoquinoline (226) was nitrated by procedure E.
	4-Nitro-isoquinoline (61) was isolated as a yellow solid in 42 % yield, with melting point of 60....
	The 1H-NMR and 13C-NMR spectra were in accordance with literature.7
	1H-NMR (300 MHz, CDCl3): 9.48 (1H, s, H-1), 9.30 (1H, s, H-3), 8.69 (1H, d, J = 8.7 Hz, H-5), 8.1...
	13C-NMR (75 MHz, CDCl3): 158, 141, 141, 134, 129, 129, 128, 127, 123 ppm.
	IR (KBr): 3064 (w), 2856 (w), 2336 (w), 1733 (w), 1700 (w), 1624 (s), 1584 (s), 1580 (m), 1517 (s...
	MS (m/z, rel. int. %): 175 (M+1, 8), 174 (M, 81), 144 (26), 133 (7), 129 (19), 128 (100), 127 (5)...
	9.3. The reaction mechanism of nitration of pyridine

	The reaction intermediates formed when 3-acetylpyridine (78) and 3-methylpyridine (87) were studi...
	9.3.1. From the reaction of 3-acetylpyridine

	3-Acetylpyridine (78) (375 mg, 3.10 mmol) was added to a solution of N2O5 (6.4 mmol) in nitrometh...
	Compound 80:
	1H-NMR (300 MHz, D2O–CD3OD, -10 oC) 8.70 (1H, s, H-2), 7.76 (1H, dd, J6,5 = 7.39 Hz, J6,4 = 1.42 ...
	13C-NMR (75 MHz, D2O–CD3OD, -10 oC) 125 (C-6), 108 (C-5), 55 (C-4), 25 (CH3). Shift values for (C...
	Compound 81: 1H- NMR (300 MHz, D2O–CD3OD, -10 oC) 7.85 (1H, dd, J4,5 = 6.54 Hz, J4,6 = 1.32 Hz, H...
	13C-NMR (75 MHz, D2O–CD3OD, -10 oC) 134 (C-6), 130 (C-4), 109 (C-5), 69 (C-2), 25 (CH3). Shift va...
	Compound 82: 1H-NMR (300 MHz, D2O–CD3OD, -10 oC) 8.60 (1H, s, H-2), 6.81 (1H, dd, J4,5 = 9.67 Hz,...
	Compound 83: 1H-NMR (300 MHz, D2O–CD3OD, -10 oC) 6.61 (1H, dd, H4, J4,5 = 11.13 Hz, J4,6 = 1.03 H...
	13C-NMR (75 MHz, D2O–CD3OD, -10 oC) 131 (C-5), 123 (C-4), 72 (C-2), 69 (C-6). Shift values for (C...
	9.3.2. From the reaction of 3-methylpyridine (87)

	3-methylpyridine (87) (0.853 g, 9.16 mmol) in dichloromethane (12.5ml) was reacted with N2O5 (1.3...
	sodium bisulfite (0.15 g, 1.44 mmol) in D2O-CD3OD (1:2) (0.5 ml) was added
	at -78 oC. The NMR tube was then placed in the NMR
	instrument at the appropriate temperature.
	Compound 88b: 1H-NMR (300 MHz, D2O–CD3OD, -50 oC) 7.69 (1H, dd, J6,5 = 7.98 Hz, J6,4 = 1.52 Hz, H...
	13C-NMR (75 MHz, D2O–CD3OD, -50 oC) 127 (C-6), 123 (C-2), 110 (C-5), 64 (C-4), 20.6 (CH3). Shift ...
	Compound 88a: 1H-NMR (300 MHz, D2O–CD3OD, -55 oC) 7.4 (1H, d, J6,5 7.9, H-6), 6.3 (1H, s, H-2), 6...
	13C (75 MHz, D2O–CD3OD, -55 oC) 124 (C-4), 123 (C-6), 113 (C-5), 77 (C-2). Shift value for (C-3) ...
	Compound 89: 1H-NMR (300 MHz, D2O–CD3OD, -50 oC) 6.26 (1H, dd, J5,4 = 9.99 Hz, J5,6 = 3.05 Hz, H-...
	13C-NMR (75 MHz, D2O–CD3OD, -50 oC) 133 (C-4), 128 (C-5), 74 (C-2), 72 (C-6), 23 (CH3). Shift val...
	9.4. Selective vicarious nucleophilic amination of 3-nitropyridines
	9.4.1. General


	The starting compounds were prepared as described in chapter 9.2.
	9.4.2. Amination procedures

	Amination of 3-nitropyridines with hydroxylamine (96)
	The 3-nitropyridine compound (10 mmol) in etanol (50 ml) was added dropwise to a stirred solution...
	Amination of 3-nitropyridines with 4-amino-1,2,4-triazole (97)
	The 3-nitropyridine compound (10 mmol) in dimethylsulfoxide (30 ml) was added dropwise to a stirr...
	The water phase was extracted with dichloromethane (3 x 100 ml), the combined organic phases evap...
	9.4.3. Amination of 3-nitropyridines

	Nine different 3-nitropyridines and 4-nitroisoquinoline were aminated with both hydroxylamine (96...
	2-Amino-5-nitropyridine (8)
	Compound 8 was a light yellow solid with a melting point of 188.0-189.0 °C (lit.11 188 - 189 °C).
	IR (KBr): 3501 (m), 3363 (s), 1648 (s), 1632 (s), 1583 (s), 1570 (m), 1494 (m), 1473 (s), 1333 (s...
	1H-NMR (300 MHz, DMSO-d6): 8.84 (d, 1H, , J = 2.78 Hz, H-6), 8.12 (dd, 1H, H-4, J = 2.80, 9.31 Hz...
	Elemental analysis calculated for C6H7N3O2: C, 43.17; H, 3.62; N, 30.21. Found: C, 43.59; H, 3.66...
	2-Amino-4-methyl-5-nitropyridine (109)
	Compound 109 was a light yellow solid with a melting point of 219-220°C (lit.12 220 °C).
	IR (KBr):3406 (s), 3329 (w), 3121 (m), 1654 (m), 1608 (m), 1544 (m), 1492 (w), 1452 (w), 1372 (w)...
	1H-NMR (300 MHz, CDCl3): 8.93 (s, 1H, H-6), 6.33 (s, 1H, H-3), 5.03 (br s, 2H, NH2), 2.61 (s, 3H,...
	2-Amino-3-methyl-5-nitropyridine (112)
	Compound 112 was a light yellow solid with a melting point of 256.0-257.0 °C (lit.12 255°C)
	;
	IR (KBr): 3450 (m), 3321 (w), 3119 (m), 1851 (s), 1595 (s), 1583 (s), 1477 (m), 1422 (m), 1343 (s...
	1H-NMR (300 MHz, DMSO-d6 ): 8.74 (d, 1H, J = 1.94 Hz, H-6), 8.02 (d, 1H, J = 1.94 Hz, H-4), 5.03 ...
	Methyl 2-amino-5-nitroisonicotinate (113)
	Compound 113 was a light brown solid, with a melting point of 205-206°C.
	1H-NMR (300 MHz, CDCl3): 8.82 (s, 1H, H-6), 7.84 (br s, 2H, NH2), 6.52 (s, 1H, H-3), 3.85 (s, 3H,...
	IR (KBr): 3441 (s), 3309 (w), 1733 (s), 1649 (s), 1607 (m), 1559 (m), 1493 (w), 1457 (s), 1344 (m...
	Elemental analysis calculated for C7H7N3O4: C, 42.65; H, 3.58; N, 21.31. Found: C, 42.50; H, 3.87...
	2-Amino-4-(1,3-dioxolan-2-yl)-5-nitropyridine (122)
	Comound 122 was a yellow solid, with a melting point of 175-177 oC.
	1H-NMR (300 MHz, CDCl3): 8.89 (s, 1H, H-6), 6.80 (s, 2H, NH2), 6.57 (s, 1H, H-3), 5.18 (s, 1H, di...
	IR, 3461 (s), 3220 (w), 3160 (m), 1634 (m), 1609 (s), 1548 (s), 1493 (w), 1442 (w), 1329 (s), 129...
	Elemental analysis calculated for C8H9N3O4: C, 45.50; H, 4.27; N, 19.91. Found: C, 45.27; H, 4.33...
	2-Amino-4-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine(124)
	4-(2-Methyl-1,3-dioxolan-2-yl)-3-nitropyridine (123)
	4-acetyl-3-nitropyridine (223) ( 5.20 g, 0.032mol ) was dissolved in 15 ml of toluene, and treate...
	1,2-ethandiol (6 ml) and p-toluenesulfonic acid (0.4 g, 0.0021 mol ) was added, and the solution ...
	1H-NMR (300 MHz, CDCl3): 8.74 (1H, s, H-2), 8.72 (1H, d, J = 5.2 Hz, H-6) 7.60 (1H, d, J = 5.2 Hz...
	13C-NMR (75 MHz, CDCl3): d 152, 146, 144, 145, 122, 107, 65, 27 ppm.
	IR (KBr) 2995 (w), 2980 (w), 2962 (w), 2907 (w), 2695 (m), 1594 (w), 1554 (m), 1533 (s), 1476 (w)...
	MS (m/z, rel. int. %) 205 (M-15 (CH3), 2), 195 (23), 151 (15), 150 (7), 149 (66), 121 (9), 97 (4)...
	2-Amino-4-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine (124)
	4-(2-methyl-1,3-dioxolan-2-yl)-3-nitropyridine (123) was aminated by hydroxylamine (96) and 4-ami...
	1H-NMR (300 MHz, CDCl3): 8.42 (s, 1H, H-6), 6.69 (s, 1H, H-3), 5.01 (br s, 2H, NH2), 4.02 (m, 2H,...
	IR (KBr): 3459 (s), 3314 (m), 3191 (m), 1691 (s), 1559 (w), 1521 (s), 1425 (w), 1369 (s), 1203 (m...
	Elemental analysis calculated for C9H11N3O4: C, 48.00; H, 4.92; N, 18.66. Found: C, 48.08; H, 4.7...
	2-Amino-4-acetyl-5-nitropyridine (125)
	2-Amino-4-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine (124) ( 0.200 g, 0.88 mmol) was dissolved ...
	1H-NMR (300 MHz, CD3OD): 8.84 (1H, s, H-2), 6.34 (1H, s, H-5), 2.48 (3H, s, CH3)
	13C-NMR (75 MHz, CD3OD): 200, 171, 163, 148, 147, 131, 103, 28 ppm.
	IR (KBr): 3466 (m), 3299 (w), 3152 (w), 3073 (w), 1714 (m), 1630 (s), 1602 (m), 1540 (s), 1483 (m...
	MS (m/z, rel. int. %) 182 (M+1, 10), 181 (95), 151 (10), 139 (24), 122 (13), 109 (5), 93 (15), 92...
	2-Amino-4-phenyl-5-nitropyridine (126)
	Compound 126 was a yellow solid, with a melting point of165-166 °C.
	IR (KBr): 3412 (s), 3319 (w), 3156 (m), 1652 (s), 1611 (m), 1598 (s), 1538 (m), 1481 (m), 1449 w)...
	1H-NMR (300 MHz, CDCl3): 8.85 (s, 1H, H-6), 7.43 (m, 3H, Ph protons), 7.29 (m, 2H, Ph protons), 6...
	Elemental analysis calculated for C8H9N3O4: C, 61.39; H, 4.22; N, 19.53. Found: C, 61.24; H, 4.42...
	2-Amino-3-phenyl-5-nitropyridine (127)
	Compound 127 was a yellow solid, with a melting point of 175.0 - 176.5 °C (lit.13 176.5 - 177.0 oC).
	IR (KBr): 3473 (s), 3299 (m), 3116 (m), 1645 (s), 1585 (m), 1574 (s), 1485 (s), 1444 (m), 1353 (m...
	1H-NMR (300 MHz, CDCl3): 9.02 (d, 1H, J =J 2.58 Hz, H-6), 8.18 (d, 1H, J = 5.28 Hz, H-4), 7.50-7....
	Elemental analysis calculated for C8H9N3O2: C, 61.39; H, 4.22; N, 19.53, Found: C, 61.19; H, 4.68...
	1-Amino-4-nitroisoquinoline (130)
	.
	Compound 130 was a yellow solid with a melting point of 277 - 280 (lit.14 283 - 287 °C).
	IR (KBr): 3417 (s), 3338 (w), 3087 (m), 1671 (m), 1617 (m), 1580 (s), 1510 (s), 1492 (s), 1449 (w...
	1H-NMR (300 MHz, DMSO-d6): 8.97 (s, 1H, H-3), 8.72 (d, 1H, J = 8.58 Hz, H- 5), 8.45 (br s, 2H, NH...
	13C- NMR (75 MHz, DMSO-d6): 163, 147 (1C, d, J = 183 Hz, C-3), 134, 131, 130, 127, 125, 123, 116 ...
	Elemental analysis calculated for C9H7N3O2: C, 57.14; H, 3.73; N, 22.21; Found: C, 57.89; H, 4.13...
	9.5. The oxidative amination of 3-nitropyridines
	9.5.1. Oxidative aminations with ammonia


	Several different procedures were tried for the oxidative amination of 3- nitropyridine (24) by a...
	Reaction procedures
	Reaction in aqueous solution of ammonia
	The 3-nitropyridine (24) (124 mg, 1.00 mmol) was added to a aqueous solution of ammonia (10 ml). ...
	Reaction in DMSO and DMSO/t-butanol, with ammonia athmosphere
	The 3-nitropyridine (124 mg, 1.00 mmol) and KMnO4 (316 mg, 2.00 mmol) were dissolved in DMSO (20 ...
	Reaction in DMSO/water, 7% NH3
	The 3-nitropyridine (124 mg, 1.00 mmol) was dessolved in DMSO (37.5 ml) and 28% ammonia in water ...
	In the experiments giving the best yield of 2-amino-5-nitropyridine, a stream of ammonia gas was ...
	Determination of the isomer ratio in amination of 3-nitropyridine
	The ratio of the three isomers 2-amino-5-nitropyridine (8), 2-amino-3- nitropyridine (9) and 4-am...
	2-amino-5-nitropyridine (8)
	2-Amino-5-nitropyridine (8) was isolated from the reaction in DMSO/water (3:1) saturated with amm...
	The reaction was quenched with methanol, and the reaction mixture was poured into water. The aque...
	the melting point and spectroscopical data was in accordance with data reported in Chapter 9.4.3.
	Di-2-(5-nitropyridyl)amine (161)
	The 1H-NMR spektrum were in accordance with literature.20
	1H-NMR (CDCl3, 300MHz): 9.23 ( 2H, d, J = 2.7 Hz, H-6), 8.56 (1H, br. s, NH ), 8.48 (2H, dd, J = ...
	9.5.2. Oxidative amination with n-butylamine

	2-n-Butylamino-5-nitropyridine (163)
	3-Nitropyridine (24) (0.50 g, 4.00 mmol) was dissolved in n-butylamine (162) (5 ml) and KMnO4 (1....
	1H-NMR (300 MHz, CDCl3): 9.00 (1H, d, J = 2.60 Hz, H-6), 8.17 (1H, dd, J = 9.31, 2.60 Hz, H-4), 6...
	13C-NMR (CDCl3): 161, 147, 136, 132, 105, 42, 31, 20, 14 ppm.
	IR (KBr) 3234 (m), 2995 (w), 2952 (w), 2927 (m), 2866 (w), 1605 (s), 1588 (m), 1550 (w), 1496 (m)...
	MS (m/z, rel. int. %) 196 (M+1, 2), 195 (M, 17), 179 (7), 166(20), 153 (19), 152 (100), 139 (24),...
	2-n-Butylamino-4-phenyl-5-nitropyridine (166)
	n-Butylamine (162) as solvent
	4-Phenyl-3-nitropyridine (55) (1.00 g, 5.00 mmol) was dissolved in n-butylamine (162) (10 ml) and...
	n-Butylamine (162)/ DMSO (1:1) as solvent
	4-Phenyl-3-nitropyridine (55) (1.00 g, 5.00 mmol) was dissolved in n-butylamine (162) (5 ml) and ...
	The product was a yellow solid with a melting point of 105.0 -106.0 oC
	IR (KBr): 3339 (w), 3225 (m), 3093 (w), 3001 (w), 2956 (m), 2927 (w), 2864 (m), 1609 (s), 1582 (m...
	1H-NMR (300 MHz, CDCl3): 8.89 (1H, s, H-6), 7.43 (3H, m, Ph), 7.29 (2H, m, Ph), 7.26 (1H, s, NH),...
	13C-NMR (300 MHz, CDCl3): 160, 148, 147, 136, 135, 129, 128, 127, 107, 45, 31, 20, 14 ppm.
	MS (m/z, rel. int. %) 272 (M+1, 6), 271 (M, 29), 255 (8), 243 (6), 242 (37), 241 (14), 229 (33), ...
	2-n-Butylamino-4-(tert-Butoxycarbonylamino)-5-nitropyridine (169)
	4-(t-butoxycarbonylamino)-3-nitropyridine (168) (0.200 g, 0.84 mmol) was dissolved in n-butylamin...
	1H-NMR (300 MHz, CDCl3): 10.1 (1H, s, NH), 9.00 (1H, s, H-6), 7.45 (1H, s, H- 3), 5.33 (1H, br.s,...
	13C-NMR (300 MHz, CDCl3): 162, 154, 151, 150, 125, 113, 82, 42, 31, 28, 20, 13 ppm.
	IR (KBr): 3341 (m), 3229 (s), 2291 (w), 2957 (m), 2932 (m), 2663 (w), 1736 (s), 1616 (s), 1577 (s...
	MS (m/z, rel. int. %) 311 (M+1, 3), 310 (M, 18), 294 (6), 293 (27), 267 (5), 254 (12), 238 (10), ...
	9.5.3. Oxidative amination with diethylamine

	General procedure:
	The 4-R-3-nitropyridine (102) (2 mmol) was dissolved in diethylamine (170)(3 ml) and DMSO (9 ml)....
	2-Diethylamino-5-nitropyridine (171)
	1H-NMR and 13C-NMR data were in accordance with literature.16
	The product was a yellow solid wiht a melting point of 75.0-76.0 oC ( lit.15 75.2- 76.2 oC, lit.1...
	IR (KBr): 2987 (w), 2925 (w), 1596 (s), 1588 (m), 1527 (m), 1475 (w), 1430 (m), 1327 (s), 1292 (s...
	1H-NMR (300 MHz, CDCl3): 9.07 (1H, d, J = 2.7 Hz, H-6), 8.18 (1H, dd, J = 9.5, 2.7 Hz, H-4), 6.43...
	13C-NMR (75 MHz, CDCl3): 159, 147, 134, 133, 103, 43, 13 ppm.
	MS (m/z, rel. int. %): 196 (M+1, 5), 195 (M, 55), 181 (8), 180 (100), 167 (6), 166 (75), 152 (60)...
	2-Diethylamino-4-cyano-5-nitropyridine (175)
	The product was light brown needles, with a melting poin of 116.5-118.0 °C
	1H-NMR (300 MHz, CDCl3): 9.92 (1H, s, H-6), 6.75 (1H, s, H-3), 3.65 (4H, br s, CH3CH2NH), 1.28 (6...
	13C-NMR (75 MHz, CDCl3): 159, 149, 132, 117, 115, 110, 43, 13 ppm.
	IR (KBr): 3104 (w), 2979 (w), 2937 (w), 1597 (s), 1551 (s), 1482 (m), 1448 (m), 1366 (w), 1330 (s...
	MS (m/z, rel. int. %): 221 (M+1, 3), 220 (M, 23), 205 (81), 191 (55), 181 (18), 177 (29), 175 (14...
	HRMS: calculated for C10H12N4O2: 220.09603, observed: 220.09617
	2-diethylamino-4-methoxycarbonyl-5-nitropyridine (176)
	The product was a light brown solid with a melting poin of 84.5-86.5 °C.
	1H-NMR (300 MHz, CDCl3): 8.97 (1H, s, H-6), 6.46 (1H, s, H-3), 3.97 (3H, s, OCH3), 3.63 (4H, br s...
	13C-NMR (75 MHz, CDCl3): 167, 159, 148, 139, 131, 103, 53, 44, 13 ppm.
	IR (KBr): 3444 (w), 2983 (w), 2936 (w), 1736 (s), 1604 (s), 1553 (s), 1525 (m), 1492 (m), 1451(m)...
	MS (m/z, rel. int. %): 254 (M+1, 4), 253 (M, 36), 238 (100), 225 (7), 224 (66), 210 (31), 148 (5)...
	HRMS: calculated for C11H15N3O4: 253.10626, observed: 253.10587
	2-diethylamino-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine (177)
	The product was a ligth brown solid with a melting point of 108.0-109.5 °C.
	1H-NMR (300 MHz, CDCl3): 8.56 (1H, s, H-6), 6.64 (1H, s, H-3), 4.03 (2H, t, J = 4.9 Hz, dioxolan ...
	13C-NMR (75 MHz, CDCl3): 159, 148, 147, 136, 108, 102, 65, 44, 27, 13 ppm.
	IR (KBr): 2973 (w), 2931 (w), 1596 (s), 1546 (m), 1506 (m), 1436 (w), 1370 (w), 1340 (s), 1273 (m...
	MS (m/z, rel. int. %): 282 (M+1, 3), 253 (M, 20), 267 (5), 266 (40), 252 (12), 238 (10), 180 (25)...
	HRMS: calulated for C13H19N3O4: 281.13756, Observed: 281.13801
	9.6. Nucleophilic alkylation of 3-nitropyridines
	9.6.1. Reaction with chloroform


	General procedure:
	A solution of the 3-nitropyridine (3.0 mmol) and chloroform (4.5 mmol) in dry DMF (3 ml) was adde...
	4-Dichloromethyl-3-nitropyridine (194)
	The crude product was purified by column chromatography ( silica gel, hexane/ EtOAc 5:1). The pro...
	1H-NMR (300 MHz, CDCl3): 9.27 (1H, s), 9.00 (1H, d, J = 5.2 Hz), 8.11 ( 1H, d, J = 5.2 Hz), 7.60 ...
	13C-NMR (75 MHz, CDCl3): 158, 149, 145, 141, 126, 67 ppm.
	MS (m/z, rel. int. %) 208 (M+2, 0.6), 207 (M+1, 0.6), 206 (M, 1), 176 (0.6), 173 (4), 162 (11), 1...
	2-(dichloromethyl)-4-(2-methyl-1,3-dioxolan-2-yl)-5-nitropyridine (195)
	The crude product was recrystallized from methanol/water to give a light brown solid with a melti...
	1H-NMR (300 MHz, CDCl3) 8.64 (1H, s, H-6), 8.05 (1H, s, H-3), 6.75 (1H, s, CHCl2), 4.08 (2H, m, d...
	13C-NMR (75 MHz, CDCl3): 161, 148, 146, 144, 120, 108, 70, 65, 27 ppm.
	IR (KBr) 3101, 2995, 2905, 1600, 1562, 1540, 1375, 1366, 1277, 1231, 1200, 1173, 1134, 1118, 1031...
	MS (m/z, rel. int. %) 281 (6), 279 (45), 277 (M-15, 68), 235 (7), 233 (15), 124 (7), 87 (100), 43...
	Reaction of 4-phenyl-3-nitropyridine (55) with chloroform
	The crude product was purified by dissolving it in a 10:1 pentane/ dichloromethane solution. This...
	2-(dichloromethyl)-4-phenyl-5-nitropyridine (196)
	1H-NMR (300 MHz, CDCl3): 8.99 (1H, s, H-6), 7.88 (1H, s, H-3), 7.55 (3H, m, Ph protons), 7.38 ( 2...
	GC-MS : (m/z, rel. int. %) 284 (M+2, 3), 282 (M, 5), 256 (15), 254 (25), 247 (15), 221 (25), 220 ...
	2-(Dichloromethyl)-4-phenyl-3-nitropyridine (197)
	1H-NMR (300 MHz, CDCl3): 8.88 (1H, d, J = 4.92 Hz, H-6), 7.55 (3H, m, Ph protons), 7.50 ( 1H, d, ...
	GC-MS : (m/z, rel. int. %) 284 (M+2, 5), 282 (M, 7), 267 (10), 265 (17), 258 (5), 256 (27), 254 (...
	2-(dichloromethyl)-4-methyl-5-nitropyridine (198)
	The crude product was dissolved in a pentane/dichloromethane solution (15:1), and this solution w...
	1H-NMR (300 MHz, CDCl3): 9.11 (1H. s, H-6), 7.80 (1H, s, H-3), 6.75 (1H, s, CHCl2), 2.74(3H, s, C...
	13C-NMR (75 MHz, CDCl3): 161, 146, 145, 125, 125, 70, 31 ppm.
	IR (neat): 3000 (w), 2961 (w), 2932 (w), 2667 (w), 1609 (s), 1556 (m), 1526 (s), 1470 (w), 1445 (...
	MS (m/z, rel. int. %): 222 (M+2, 5), 220 (M, 9) 207 (3), 205 (21), 203 (29), 187 (33), 186 (10), ...
	1-(dichloromehtyl)-4-nitroisoquinoline (199)
	The crude product was dissolved in pentane/dichloromethane solution (15:1). This solution was coo...
	1H-NMR (CDCl3, 300 MHz) 9.13 (1H, s, H-3 ), 8.83 (1H, d, J = 8.6 Hz, H-8), 8.63 (1H, d, J = 8.0 H...
	Irradiation of the signal at 7.3 ppm (CHCl2) gave a 3.6 % positive NOE effect on signal at 8.83 p...
	13C-NMR (75 MHz, CDCl3): 160, 138 (c-3, d, J = 190 Hz), 133, 129.3, 129.1, 125, 124.9, 123, 70 ppm.
	IR (KBr) 3022 (w), 1616 (w), 1588 (w), 1552 (w), 1519 (s), 1502 (m), 1379 (w), 1356 (w), 1323 (s)...
	MS (m/z, rel. int. %): 260 (M+4, 5), 259 (M+3, 4), 258 (M+2, 32), 257 (M+1, 6), 256 (M, 49), 242 ...
	9.6.2. Reaction of 3-nitropyridines with methyl chloroacetate (201)

	t-BuOK (10 mmol) in 10 ml THF was added dropwise to a solution of the 3- nitropyridine (24) (3.0 ...
	Methyl (3-nitropyridin-4-yl) acetate (202)
	The crude product was dissolved in a 10:1 mixture of pentane/dichloromethane and stored at -25 oC...
	1H-NMR ( 300 MHz, CDCl3): 9.30 (1H, s, H-2), 8.79 (1H, d, J = 5.0 Hz, H-6), 7.36 (1H, d, J = 5.0 ...
	13C-NMR (75 MHz, CDCl3): 170, 154, 146, 145, 138, 127, 52, 39 ppm.
	MS (m/z, rel. int. %) 196 (M, 2) 166 (2), 165 (24), 151 (10), 150 (100), 138 (9), 135 (9), 92 (18...
	IR (neat): 2955 (m), 1739 (s), 1608 (m), 1555 (w), 1529 (s), 1437 (w), 1405 (w), 1353 (s), 1298 (...
	9.6.3. Reaction of 3-nitropyridine (24) with ethyl 2-chloropropionate (203)

	t-BuOK (10 mmol) in THF (10 ml) was added dropwise to a solution of 3-nitropyridine (24) (372 mg,...
	The crude product was dissolved in a 10:1 mixture of pentane/ dichloromethane and stored at -25 o...
	Ethyl 2-(3-nitropyridin-4-yl) propionate (204)
	1H-NMR (300 MHz, CDCl3): 9.05 (1H, s, H-2), 8.79 (1H, d, J = 5.16 Hz, H-6), 8.45 (1H, d, J = 5.16...
	Ethyl 2-(5-nitropyridin-2-yl) propionate (205)
	1H-NMR (300 MHz, CDCl3): 9.24 (1H, d, J = 2.55 Hz, H-6), 8.37 (1H, d, J = 8.63 Hz, H-3), 7.47 (1H...
	9.7. Tranformation of 3-nitropyridines

	Methyl 3-nitroisonicotinate (42)
	Experimental procedure and spectroscopical data is given in chapter 9.2.
	3-Nitro isonicotinamide (52)
	Methyl 3-nitroisonicotinate (42) (1.655 g, 9.03 mmol) was dissolved in a 28 % solution of ammonia...
	1H-NMR (D2O, 300 MHz): 9.37 (1H, s, H-2), 8.96 (1H, d, J = 5.0 Hz, H-6), 7.75 (1H, d, J = 5.0 Hz,...
	13C-NMR (75 MHz, CD3OD): 168, 154, 145, 142, 140, 123 ppm.
	IR (KBr) 3354 (m), 3162 (m), 1680 (s), 1607 (m), 1548 (m), 1522 (s), 1485 (w), 1408 (m), 1391 (m)...
	MS (m/z, rel. int. %) 168 (M+1, 7), 167 (M, 66), 152 (8), 151 (100), 150 (8), 124 (16), 121 (15),...
	Methyl N-(3-nitropyridin-4-yl) carbamate (220)
	To a solution of 3-nitroisonicotinamide (52) ( 0.272 g, 1.62 mmol), AgOAc ( 0.334 g, 2 mmol) and ...
	1H-NMR (300 MHz, CDCl3): 10.04 (1H, s, NH), 9.37 (1H, s, H-2), 8.66 (1H, d, J = 6.0 Hz, H-6). 8.5...
	13C-NMR (CDCl3, 75 MHz) 155, 152, 147, 141, 131, 113, 53 ppm.
	IR (KBr): 3432 (m), 3283 (m), 3138 (w), 2923 (w), 1740 (s), 1698 (m), 1605 (s), 1525 (m), 1494 (s...
	MS (m/z, rel. int. %) 198 (M+1, 3), 197 (M, 35), 165 (6), 152 (9), 151 (100), 136 (19), 135 (6), ...
	t-Butyl N-(2-n-Butylamino-5-nitropyridin-4-yl) carbamate (222)
	For experimental and spectroscopic data se Chapter 9.5.2.
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