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ABSTRACT
Thesis: Chemistry of Quinoline-2-Carbaldehyde Derivatives with Malononitrile and
Formation of Indolizines
Student: Dheeptha Murali
Degree: Master of Science
College: Science and Humanities
Date: July 2011
Page: 82
The quinoline-5,8-diones are an important class of compounds with a wide spectrum of
biological activites such as antibacterial, antiasthmatic, antifungal, antitumour and
antiparasitic agents. Over the past three decades many variously substituted derivatives of
quinoline-5,8-diones have been synthesized and reported. The majority of them dealt
with the chemistry of C-6 and/or C-7 substituted quinolinediones and were related to
Lavendamycin.
Our lab has developed several procedures for the condensation (Knoevenagel) and
reduction of aldehydes and ketones with malononitrile. When this reductive alkylation
procedure was attempted with quinoline-2-carboxaldehyde, a crude product was observed
by NMR spectroscopy. This product rearranged upon attempted purification via
recrystallization or column chromatography. The nucleophilic attack of the quinoline N

on the C of the nitrile followed by a proton transfer and a tautomerization resulted in the
creation of indolizine.
We will study the reductive alkylation of a series of quinoline-5,8-diones with
carboxaldehydes at the C-2 position with malononitrile. This reaction is carried out in
95% ethanol with no catalysts present. This reaction mixture is then diluted with
additional 95% ethanol and then cooled in an ice/water bath before the addition of
sodium borohydride (NaBH4) to afford the desired monosubstituted malononitrile.
We have also carried out the reactions with a range of other substituted quinoline
compounds. In these cases the indolizines were not observed. It is assumed that the
indolizine product does not form due to the presence of substituents on the C-8 position.
Additional studies will focus on unsubstituted C-8 quinoline rings to prepare other novel
indolizines. Otherwise, various reactions are performed to force the formation of
indolizine.

Table of Contents
Page Number
List of Figures

i.

List of Schemes

ii.

List of Tables

iii.

Chapter 1

Introduction/ Background
1.1 Cancer

3

1.1.1 What is Cancer?

3

1.1.2 Can it be prevented?

3

1.1.3 Treatments of Cancer

6

1.2 Few Examples of Chemotherapeutic Drugs

7

1.2.1 Mitomycin C

7

1.2.2 Adriamycin (Doxorubicin)

8

1.3 Quinoline-5,8-diones
1.3.1 Study of Quinoline-5,8-diones

9
9

1.3.2 Lavendamycin
1.4 Synthetic Approaches to Lavendamycin Methyl Ester

9
12

1.4.1 The Bischler-Napieralski Approach

12

1.4.2 Boger’s Approach

13

1.4.3 The Pictet Spengler Cyclisation Approach

14

1.5 Diseases Studied with Lavendamycin

15

1.6 Doebner-Miller Modification

16

1.6.1 Doebner-Miller Modification Mechanism
1.7 Knoevenagel Condensation

18
18

Chapter 2

1.8 Chemistry of Indolizines

20

1.9 Aim of Study

22

Preparation of Quinoline Derivatives and Their
Respective Carboxaldehydes
2.1 Introduction

24

2.2 Results and Discussion

24

2.2.1 Alkylation of C-8 Hydroxyl Group with Alkyl Halides

24

2.2.2 Synthesis of Unsubstituted C-8 Quinaldine by
Doebner-Miller Synthesis
2.2.3 Oxidation of C-2 Methyl Group with SeO2
2.3 Experimental Section
Chapter 3

Appendix

27
28
30

Preparation of Monosubstituted Malononitriles
and Indolizines
3.1 Introduction

41

3.2 Results and Discussion

42

3.3 Experimental Section

45
52

List of Figures
Page Number
Chapter 1

Introduction/ Background

Figure

1.1 Historical Cancer Death Rates for US Men

5

1.2 Historical Cancer Death Rates for US Women

5

1.3 Mitomycin C

7

1.4 Adriamycin (Doxorubicin)

8

1.5 Structure of Quinoline-5,8-dione Containing Drugs

10

1.6 MB-97

16

i

List of Schemes
Page Number
Chapter 1

Introduction/Background

Schemes

1.1 The Bischler-Napieralski Approach

12

1.2 Boger’s Approach

13

1.3 Pictet-Spengler Cyclisaion Approach

14

1.4 Skraup Synthesis

17

1.5 Doebner-Miller Synthesis

17

1.6 Mechanism of Doebner-Miller Modification

18

1.7 Knovenagel Condensation

19

1.8 Knoevenagel Condensation with Reduction

19

1.9 Formation of Indolizine

20

1.10 Mechanism of Formation of Indolizine

21

Chapter 2

Preparation of Quinoline Derivatives and Their
Respective

Schemes

Chapter 3

Carboxaldehydes

2.1 Bromination of 8-Hydroxyquinaldine

25

2.2 Alkylation of Hydroxy Group with Iodomethane

25

2.3 Alkylation of Hydroxy Group with Benzyl Chloride

26

2.4 Doebner-Miller Synthesis

27

2.5 Oxidation to Aldehyde with SeO2

28

Preparation of Monosubstituted Malononitriles
and Indolizines

Schemes

3.1 Knoevenagel Condensation of C-8 Substituted Quinoline-2carbaldehyde with Malononitrile

43

3.2 Knoevenagel Condensation of C-8 Unsubstituted Quinoline-2carbaldehyde with Malononitrile

ii

43

List of Tables
Page Number
Chapter 2

Preparation of Quinoline Derivatives and Their
Respective Carboxaldehydes

Tables

Chapter 3

2.1 Bromination and Alkylation of 8-Hydroxyquinaldine

26

2.2 Doebner-Miller Synthesis

28

2.3 Oxidation with SeO2

29

Preparation of Monosubstituted Malononitriles
and Indolizine

Tables

3.1 Synthesis of Monosubstituted Malononitrile

44

3.2 Formation of Indolizines

44

iii

Chapter 1

Introduction/ Background

1.1 Cancer
1.1.1

What is Cancer?

1.1.2

Can it be prevented?

1.1.3

Treatments of Cancer

1.2 Few Examples of Chemotherapeutic Drugs
1.2.1 Mitomycin C
1.2.2 Adriamycin (Doxorubicin)

1.3 Quinoline-5,8-diones
1.3.1 Study of Quinoline-5,8-diones
1.3.2 Lavendamycin
1.4 Synthetic Approaches to Lavendamycin Methyl Ester
1.4.1 The Bischler-Napieralski Approach
1.4.2 Boger’s Approach
1.4.3 The Pictet Spengler Cyclization Approach
1.5 Diseases Studied with Lavendamycin
1.6 Doebner-Miller Modification
1.6.1 Doebner-Miller Modification Mechanism
1.7 Knoevenagel Condensation
1.8 Chemistry of Indolizines
1.9 Aim of Study

2

1.1 Cancer
1.1.1 What is Cancer?
Cancer consists of a large group of diseases characterized by uncontrolled growth and
spread of abnormal cells. If the spread is not controlled, it can result in death. It may be
caused by both external factors (tobacco, infectious organisms, chemicals, and radiation)
and internal factors (inherited mutations, hormones, and immune conditions).1
Again, cancer is not just one disease but many related but different diseases. About
1,529,560 new cancer cases were expected to be diagnosed in 2010. This estimate did not
include carcinoma in situ (non-invasive cancer) of any site except urinary bladder, and
did not include basal and squamous cell skin cancers. These were not required to be
reported to cancer registries. It has been determined that more than 2 million people were
treated for basal and squamous cell skin cancers in 2006.1
1.1.2 Can it be prevented?
Cancers caused by cigarette smoking and heavy use of alcohol could be prevented
completely by changes in habits. The American Cancer Society estimates that in 2010
about 171,000 cancer deaths were expected to be caused by tobacco use. Scientific
evidence suggests that about one-third of the 569,490 cancer deaths expected to occur in
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2010 will be related to overweight or obesity, physical inactivity, and poor nutrition and
thus could also be prevented.1
Certain cancers are related to infectious agents, such as hepatitis B virus (HBV), human
papillomavirus (HPV), human immunodeficiency virus (HIV), Helicobacter pylori (H.
pylori), and others, and could be prevented through behavioral changes, vaccines, or
antibiotics. Many of the more than 1 million skin cancers that are expected to be
diagnosed in 2010 could be prevented by protection from the sun’s rays and/or avoiding
indoor tanning. For cancers of the breast, colon, rectum, and cervix, early detection has
been proven to reduce mortality. A heightened awareness of breast changes or skin
changes may also result in detection of these tumors at earlier stages. Cancers that can be
prevented or detected earlier by screening account for at least half of all new cancer
cases.1
The National Cancer Institute estimates that approximately 11.4 million Americans with
a history of cancer were alive in January 2006. Some of these individuals were cancerfree, while others still had evidence of cancer and may have been undergoing treatment.1
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Figure 1.1: Historical Cancer death rates for US men

Figure 1.2: Historical Cancer death rates for US women
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Figures 1.1 and 1.2 are graphs of cancer death rates from 1930 to 2006 for men and
women, respectively. For men, there was a steep increase in lung & bronchus cancer
caused by excessive tobacco use and cigarette smoking, and a decrease in stomach cancer
while all the others are consistent. For women, the increase in lung & bronchus cancer is
not that steep.1
1.1.3 Treatments of Cancer2
There are different methods available to treat cancer. They are:
•

Surgery (the oldest method of treating cancers, with the goal of completely
removing the tumor from the body).

•

Chemotherapy (use of medication and drugs for treatment of cancer).

•

Radiation Therapy (use of x-rays, electrons or gamma rays to treat cancer).

•

Hormonal Therapy (Manipulation of the hormones or the receptors may
influence the growth of cancer and help in its control).

•

Immunotherapy (use of a variety of drugs and methods to manipulate the
immune system)

•

Bone Marrow Transplantation (a procedure by which certain illnesses and
cancers may be cured. Bone marrow itself is the organ in charge of producing
blood)
In most cases, a combination of several treatments are utilized to aggressively
treat the cancer. The most commonly used treatment is chemotherapy. Most
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commonly, chemotherapy acts by killing cells that divide rapidly, one of the main
properties of most cancer cells. This means that it also harms cells that divide
rapidly under normal circumstances: cells in the bone marrow, digestive
tract and hair follicles; this results in the most common side effects of
chemotherapy: myelosuppression (decreased production of blood cells, hence
also immunosuppression), mucositis (inflammation of the lining of the digestive
tract), and alopecia (hair loss).3

1.2 Few Examples of Chemotherapeutic Drugs
1.2.1 Mitomycin C3,4
The mitomycins are a family of aziridine-containing natural products isolated from
Streptomyces caespitosus or Streptomyces lavendulae. One of these compounds,
mitomycin C (Figure 1.3), finds use as a chemotherapeutic agent by virtue of its
antitumour antibiotic activity. It is given introvenously to treat upper gastro-intestinal
(e.g. esophageal carcinoma), anal cancers, and breast cancers, as well as by bladder
instillation for superficial bladder tumours.

Figure 1.3: Mitomycin C
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1.2.2

Adriamycin (Doxorubicin)3,5

Doxorubicin (Adriamycin; also known as hydroxydaunorubicin shown in Figure 1.4) is
a drug used in cancer chemotherapy. It is an anthracycline antibiotic, closely related to
the natural product daunomycin, and like all anthracyclines, it works by intercalating
DNA. Doxorubicin is commonly used in the treatment of a wide range of cancers,
including hematological malignancies, many types of carcinoma, and soft tissue
sarcomas.

Figure 1.4: Adriamycin (Doxorubicin)

As we observe, the compounds presented above possess a quinone structure. The quinone
group may undergo oxidoreduction reactions to yield oxygen free radicals, mainly O2and OH·; these oxy radicals have been reported to be cytotoxic.11
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1.3 Quinoline-5,8-diones
1.3.1 Study of Quinoline-5,8-diones
The study of quinoline-5,8-diones derived from the highly antibacterial 8hydroxyquinoline was first undertaken in order to determine the effect of this structural
alteration on the biological activity of the latter compound. It was prepared by Fischer
and Renouf by oxidation of 5-amino-8-hydroxyquinoline with chromic acid and is
weakly basic.6,7
They are an important class of compounds because of their wide spectrum of biological
activities such as antifungal, antibacterial, antitumor, antiasthmatic, and antiparasitic
agents. Over several decades the synthesis and the biological activities of variously
substituted derivatives have been reported and the majority of these reports have dealt
with the chemistry and/or bioassays of the C-6 and/or C-7 substituted quinolone-5,8diones. The C-6 and C-7 substituents mainly include functionalities such as amino,
hydroxyl, thiol, and their derivatives, as well as alkyl, halogen, and nitro groups. Few
examples of drugs that contain quinoline-5,8-diones are lavendamycin, streptonigrin and
streptonigrone shown in Fig 1.3.8,9
1.3.2 Lavendamycin
Lavendamycin (Figure 1.5), an antitumour antibiotic, was isolated in 1981 by Doyle et al.
from the fermentation broth of Streptomyces lavendulae, strain C220-30 in the Bristol
Laboratories. Doyle et al.10 determined that lavendamycin is a pentacyclic structure with
two moieties including quinoline-5,8-dione and indolopyridine (β-carboline).10 It is a
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dark red solid and displayed important antimicrobial and antitumour activity.
Lavendamycin is structurally and biosynthetically related to Streptonigrin and
Streptonigrone. Streptonigrin and Streptonigrone (shown in Figure 1.5) also have a broad
spectrum of antitumour, anticancer and antibacterial activity.10

Figure 1.5: Structure of Quinoline-5,8-dione containing drugs

As we can see above, the three compounds contain a characteristic 7-amino-5,8-quinone
ring system, together with a fully substituted pyridine ring attached to its structure. The 7aminoquinoline-5,8-dione segment is the most critical in determining the antitumor
activity of these compounds. Preclinical development of lavendamycin as an anticancer
agent was halted due to poor aqueous solubility and relatively non-cytotoxic activity of
the compound. Hence, the cytotoxic activities of a series of lavendamycin analogs have
been examined.8,11,12
The lavendamycin analogs have antitumour and antimicrobial activity. In particular,
certain lavendamycin analogs have unexpected selective activities against tumor cells and
also have anti-HIV transcriptase reactivities. Complete synthesis of the methyl ester of
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lavendamycin was first reported by Kende et al. in 1984. They accomplished the
synthesis through Bischler-Napieralski condensation of a substituted quinaldic acid with
β-methyltryptophan methyl ester followed by cyclization and functionalization of the
dione ring in the Lavendamycin.13,14,15
The second synthesis of this compound was described by Boger et al. in 1985. This was
based on a Friedlander condensation of a functionalized amino aldehyde with a βcarboline.11,13,16
The above two syntheses were impractical since they produced the compound in an
overall yield of less than 2% and in 9-20 steps. Dr. Behforouz and co-workers have
developed two synthetic methods that produce the compound in overall yield of 40% in
only 5 steps.11,13,16
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1.4 Synthetic approaches to Lavendamycin Methyl Ester
1.4.1 The Bischler-Napieralski Approach

Scheme 1.1: The Bischler-Napieralski Approach

This approach relied on an eight step sequence from 8-methoxyquinaldic acid including
the construction of the C ring by means of a Bischler-Napieralski type cyclization
reaction. Shown in Scheme 1.1, the AB ring precursor was prepared in an overall yield of
74% from 2-amino-3-methoxybenzaldehyde via a Friedlander condensation with pyruvic
acid followed by nitration. It was then coupled with the methyl ester of the βmethyltryptophan, followed by a Bischler-Napieralski cyclisation. Finally, the fully
aromatic pentacyclic ester was converted to the methyl ester of lavendamycin in an
overall yield of 2.3%.10
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1.4.2 Boger’s Approach

Scheme 1.2: Boger’s Approach

The synthesis by Boger and co-workers is shown in Scheme 1.2. This approach included
a five-step construction of the β-carboline CDE ring based on the inverse electron
demand (4+ 2) cycloaddition of 3,5,6-tris(ethoxycarbonyl)-1,2,4-triazine with electron
rich olefins (e.g. o-bromopropiophenone enamine derivative). This hetero-Diels-Alder
was followed by palladium(0)-mediated β-carboline synthesis to furnish the CDE ring
system of the methyl ester of lavendamycin.10
The B ring was constructed by a Friedlander condensation with the appropriately
substituted quinoline-2-carboxaldehyde. But in this, it represents the final step in the
formation of the pentacyclic skeleton of the lavendamycin methyl ester, which after
introduction and modification of certain functional groups, afforded the final product in
an overall yield of 3.2%.10
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In the above two approaches, the main drawback was the introduction of the C-7 amino
group in the quinoline ring after the CDE ring formation which proved to be problematic
and low yielding. In order to avoid this problem, Behforouz opted for the introduction of
the protected C-7 amino group prior to the CDE ring formation.10
1.4.3 The Pictet-Spengler Cyclization Approach

Scheme 1.3: Pictet-Spengler Cyclization Approach

The synthetic approach of Behforouz is based on Pictet-Spengler cyclization. As seen
above in Scheme 1.3, he opted for the introduction of the C-7 amino functional group
prior to the CDE ring formation. A major advantage in this synthesis is the convergent
approach that allows for analog preparation. The main drawbacks of this approach are:
1) The utilization of reactive and unstable quinone species.
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2) The requirement for oxidation of a methyl group with toxic selenium dioxide to
obtain the appropriate AB ring aldehyde precursors.10

1.5 Diseases studied with Lavendamycin
In initial studies, lavendamycin displayed modest antimicrobial activity and significant
antiproliferative effects against various cancer cell lines in vitro. Earlier work has shown
that the use of lavendamycin and streptonigrin has been precluded due to their high
degree of toxicity. However in contrast to the parent compound, it was found that a
significant number of lavendamycin derivatives have low animal toxicity but show strong
antitumor activity or are potent inhibitors of the HIV-reverse transcriptase.12,17
At micromolar concentrations, lavendamycin strongly inhibited the proliferation of P388
murine leukemia cells, MKN45 gastric carcinoma cells and WiDr colon carcinoma cells.
Lavendamycin also displayed antitumor activity against P-388J leukemia cells implanted
into BDF1 mice. Cytotoxic activities of ten lavendamycin derivatives have been analyzed
that displayed the most promising combination of aqueous solubility and cell growth
inhibition in the preliminary screens. The results indicated that specific substituents on
the lavendamycin ring system make important contributions to the cytotoxic activities of
these compounds.12
MB-97 (Figure 1.6), a compound, synthesized by Dr. Behforouz and coworkers, was
selected for further evaluations based on its potency as an inhibitor of human A549 lung
carcinoma cell survival.12,16
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Figure 1.6: MB-97

With notable exceptions, Lavendamycin was found to be comparable to albeit less potent
than streptonigrin in its observed spectrum of activity. Early detailed investigations
defined the broad spectrum antitumor activity of streptonigrin against sarcoma 180,
mammary adenosarcoma 755, Lewis lung carcinoma, Ridgway and Wagner osteogenic
carcinoma, Harding-Passey melanoma, Walker 256 carcinosarcoma, mouse mammary
carcinoma, Flexner-Jabling carcinoma, Iglesias ovarian tumour and human herpes
simplex 1 growth in rats and complemented the early investigations detailing the broad
spectrum antimicrobial properties of Streptonigrin against Gram-positive, Gram-negative,
acid-fast bacterial and fungal organisms.16

1.6 Doebner-Miller Modification
To synthesis the quinone drugs, Doebner-Miller modification is one of the suitable
syntheses to produce variously substituted quinolines. Doebner-Miller reaction is the
organic reaction of an aniline with α,β-saturated carbonyl compound to form quinolines.
It is the modification of Skraup procedure where in the latter uses glycerol instead of an
α,β-saturated carbonyl compound. The modification takes place in the presence of HCl
and zinc chloride. This synthesis allows introduction of substituents on the pyridine ring
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as well while the Skraup procedure gives easy access only to quinolines substituted on
the benzene ring (containing only those components which were on the aniline
component). Since its discovery in 1881, the Doebner-Miller reaction has found a great
deal of utility for the substitution of quinaldines. However, the method does suffer from
some major disadvantages. The yields reported are usually low owing to the many byproducts formed in the reaction. Depending upon the particular conditions employed, a
typical product mixture obtained from the reaction of an aniline with crotonaldehyde in
strongly acidic solution consists of the desired quinaldine contaminated with varying
amounts of unreacted aniline, various N-alkylanilines and 1,2,3,4-tetrahydroquinaldine.
Isolation and purification of quinaldines from such reaction mixtures is often hard and
tedious and many manipulations involved tend to lower the recovery of the desired
product. 21,22

Scheme 1.4: Skraup Synthesis

Scheme 1.5: Doebner-Miller Synthesis
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1.6.1 Doebner- Miller Modification Mechanism

Scheme 1.6: Mechanism of Doebner-Miller Modification

The mechanism of Doebner-Miller synthesis of quinaldines has been the subject of many
investigations, leading to the mechanism which involves aldol condensation forming an
α,β-unsaturated carbonyl compound followed by Michael addition of the aromatic
amine.23

1.7 Knoevenagel Condensation
The Knoevenagel condensation reaction is an organic reaction (Scheme 1.4) named
after Emil Knoevenagel. It is a modification of the aldol condensation. A Knoevenagel
condensation

is

a nucleophilic

addition of

an active

hydrogen

compound to

a carbonyl group followed by a dehydration reaction in which a molecule of water is
eliminated. The product is often an alpha, beta conjugated enone.3,18
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Scheme 1.7: Knoevenagel Condensation

Synthesis of monosubstituted malononitriles via C-C bond formation has been a
challenging problem for organic chemists. The most direct route to monosubstitued
malononitriles is the alkylation of malononitrile, but this method generally produces
various amounts of disubstituted malononitriles from overalkylation. The first step
usually involves a Knoevenagel condensation between malononitrile and an aldehyde or
ketone. In the second step, the intermediate dicyanoalkene is reduced in a single step to
afford the desired monosubstituted malononitrile. Two independent reports have recently
shown that the Knoevenagel condensation step between malononitrile and aromatic
aldehydes can simply occur in ethanol or water with no added catalysts. In most cases,
95% ethanol was used. Dilution of the resultant mixture with additional ethanol and
cooling the reaction in an ice-water bath preceded sodium borohydride reduction.19,20

Scheme 1.8: Knoevenagel Condensation with Reduction
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When this procedure was attempted with 2-quinolinecarboxaldehyde, a crude product
was observed but it ‘decomposed’ upon attempted purification via recrystallization or
column chromatography. When the reaction and the entire workup was carried out at
0 °C, pure product was obtained. But later, it rearranged on TLC and created a single
fluorescent spot with an Rf value greater than expected for the quinoline substituted
malononitrile. The nucleophilic attack of the quinoline N on the C of the nitrile followed
by a proton transfer and a tautomerization resulted in the creation of indolizine.
Treatment of (A) with iodomethane and potassium carbonate provided (C), which did not
tautomerize.19

Scheme 1.9: Formation of Indolizine

1.8 Chemistry of Indolizines
Indolizine is a heterocyclic aromatic organic compound that is an isomer of indole. The
nitrogen containing heterocyclic systems have been widely distributed in nature. These
compounds are interesting for their wide spectrum of biological properties. Derivatives of
indolizine were investigated for potential mutagenicity and anti-mutagenic activity using
Ames test. Synthetic indolizines are important as potential central nervous system
depressants, calcium entry blockers, cardiovascular agents, spectral sensitizers, and novel
dyes. They are also used for the treatment of angina pectoris or as testosterone 5R-
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reductase inhibitors. Furthermore, they are key intermediates for the syntheses of
cycloazines.3,24
The chemistry of indolizines is well reviewed. For many years indolizine has been
considered as the typical π-excessive heterocycle that can easily undergo electrophilic
substitution at positions 3 and/or 1. Indolizine can also be isomerized to indole; this type
of reaction however occurs only for indolizines with strong electron withdrawing
groups.25
As mentioned above in the Knoevenagel Condensation, when the reaction is carried out
with 2-quinolinecarbaldehyde and the entire workup was carried out at 0 °C, pure product
(substituted malononitrile) was obtained. But later, it rearranged on TLC and created a
single fluorescent spot with an Rf value greater than expected for the quinoline
substituted malononitrile. The nucleophilic attack of the quinoline N on the C of the
nitrile followed by a proton transfer and a tautomerization resulted in the creation of
indolizine.19

Scheme 1.10: Mechanism of formation of Indolizine
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1.9 Aim of Study
To test condensation reactions of malononitrile with


different protecting groups on the hydroxy group of 8-hydroxy-2-formylquinoline
•

The hydroxyl group of 8-hydroxyquinaldine is protected by alkylating
with alkyl halides to get 8-alkyloxyquinaldine.



quinoline rings with unsubstituted C-8 position
•

Without any substituents at the C-8 position, C-6 substituted quinaldines
are made via Doebner-Miller reaction.
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Chapter 2

Preparation of Quinoline Derivatives and Their
Respective Carboxaldehydes

2.1 Introduction
2.2 Results and Discussion
2.2.1 Alkylation of C-8 Hydroxyl Group with Alkyl Halides
2.2.2 Synthesis of Unsubstituted C-8 Quinaldine by Doebner-Miller Synthesis
2.2.3 Oxidation of C-2 Methyl Group with SeO2

2.3 Experimental Section

2.1 Introduction
As described in the introduction, this project has revolved around the chemistry of
malononitrile with different quinoline-2-carboxaldehyde derivatives. The hydroxyl group
of 8-hydroxyquinaldine was substituted with different groups using benzyl chloride and
iodomethane to get 8-benzyloxyquinaldine and 8-methoxyquinaldine, respectively.
Quinaldines unsubstituted at C-8 were synthesized by Doebner-Miller reaction using psubstituted aniline with 85% crotonaldehyde to get C-6 substituted quinaldines.
Selective oxidation of the quinaldines with selenium dioxide (SeO2) for 24 hours to
afford quinoline-2-carboxaldehydes in order to proceed with the Knoevenagel
condensation. The oxidation reaction was smooth except for the tedious removal of the
dioxane solvent from the compound. These carbaldehydes were used in Chapter 3 to
synthesize target compounds.

2.2 Results and Discussion
2.2.1 Alkylation of C-8 Hydroxyl Group with Alkyl Halides
The hydroxyl group in the C-8 position has been replaced by benzyloxy group and
methoxy group. The alkylation process went smoothly by using alkyl halides in the
presence of a base (usually K2CO3) and letting it stir for 24 hours at required
temperatures. The C-5 and C-7 positions were substituted with bromine via bromination.
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Br

Na2CO3, Br2
CH3OH
N

Br

OH

N
OH

1

Scheme 2.1: Bromination of 8-Hydroxquinaldine

According to the previously published procedure, 8-hydroxyquinaldine was dissolved in
methanol followed by the addition of sodium carbonate and bromine. Sodium sulfite was
added in portions to quench the excess bromine followed by water to give a thick white
suspension which was filtered and then purified via extraction between DCM and water
to remove the inorganic solids. The reaction went smooth with 95% yield.
The alkylation process was done after the bromination to get good yields. The benzyloxy
group at C-8 position was obtained by reacting 8-hydroxyquinaldine with benzyl chloride
in the presence of Argon and potassium carbonate at 85 °C whereas the C-8 methoxy
group was obtained by reacting 8-hydroxyquinaldine with methyl iodide in the presence
of argon and potassium carbonate at room temperature.

X

MeI, K2CO3
Acetone, r.t.
X

N

N

OH

O

2, X= H
3, X= Br

Scheme 2.2: Alkylation of Hydroxy Group with Iodomethane
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Scheme 2.3: Alkylation of Hydroxy Group with Benzyl Chloride

The alkylation process was easily to give good yields from 86-97%. The hydroxyl group
is protected by the methoxy and benzyloxy group which could be oxidized to quinoline5,8-dione.
Table 2.1 Bromination and Alkylation of 8-Hydroxyquinaldine

Isolated
Product

Time

Temp

(h)

(°C)

% Yield

X= Br, R= H

1

2

Rt

95

X= H, R= Methyl

2

18

Rt

96

X= Br, R= Methyl

3

24

Rt

97

X= H, R= Benzyl

4

24

85

97

X= Br, R= Benzyl

5

24

85

86
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2.2.2 Synthesis of Unsubstituted C-8 Quinaldine by Doebner- Miller Synthesis
Unsubstituted C-8 position quinaldines are synthesized by reacting aniline, substituted at
required positions with 85% crotonaldehyde. The reaction was often hard due to many
contaminants and by-products present in it. The reaction took place in acidic medium in
the presence of 6M HCl where it is refluxed followed by the addition of zinc chloride to
form a quinaldine.ZnCl2.HCl complex. This complex is then treated with concentrated
ammonium hydroxide (NH4OH) to neutralize the acid and then extracted with ethyl ether/
water.28

Scheme 2.4: Doebner-Miller Synthesis
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Table 2.2 Doebner-Miller Synthesis

Isolated
Product

Time

Yield %

(h)
X= Cl

6

0.75

14

X= Br

7

1.5

30

X= OCH3

8

24

30

2.2.3 Oxidation of C-2 Methyl Group with SeO2
The methyl group at the C-2 position is oxidized to an aldehyde by stirring the
quinaldines with SeO2 in dioxane under Argon for 24 hours at 80 °C in an oil bath. The
reaction went well although it was difficult to remove the dioxane from the product. The
quinolines without the C-8 substituents were easier to oxidize to an aldehyde than the
quinolines with C-8 substituents due to the presence of impurities.

X

X

Y

Y

1) Dioxane, 85 oC
+
X

SeO2

2) DCM

N

X

R

N
R

O

9-17

Scheme 2.5: Oxidation to Aldehyde with SeO2
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Table 2.3 Oxidation with SeO2

Isolated
Product

Time

Yield %

R= OH, X= H, Y= H

9

24

93

R= OBn, X= H, Y= H

10

24

98

R= OCH3, X= H, Y= H

11

24

94

R= OH, X= Br, Y= H

12

24

93

R= OBn, X= Br, Y= H

13

24

99

R= OCH3, X= Br, Y= H

14

24

79

R= H, X= H, Y= Cl

15

21

98

R= H, X= H, Y= Br

16

21

94

R= H, X= H, Y= OCH3

17

21

98
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2.3 Experimental Section
2.3.1 Substituted C-8 Quinoline Derivatives
2.3.1)a) 5,7-Dibromo-8-hydroxy-2-methylquinoline (1): 8-Hydroxy-2-methylquinoline
(1.00 g, 6.31 mmol) was dissolved in 10 ml methanol. Sodium bicarbonate (1.00 g, 11.9
mmol) was added and the suspension was stirred. Bromine (3.11 g, 19.5 mmol, excess) in
10ml of methanol was added dropwise over a period of 5 min to give a white solid in
dark orange solution. The mixture was stirred for 30 min and then sodium sulfite (7.00 g,
56.0 mmol, excess) was added in small portions for 5 min to quench the residual bromine
and stirred further for 10 min. The mixture was diluted with 40ml of water to give a thick
white suspension and stirred for another 30 min. The solid was filtered via vacuum
filtration and extracted with water/DCM to remove the inorganic solids. The organic
layer was dried using sodium sulfate and evaporated to give a light orange solid.26
(Yield= 1.90 g, 95%); 1H NMR (CDCl3, 300 MHz), δ 2.75 (s, 3H), 7.40 (d, J= 8.5, 1H),
7.80 (s, 1H), 8.27 (d, J= 8.8, 1H), OH proton not observed; 13C NMR (CDCl3, 75 MHz),
δ 24.8, 103.7, 110.1, 124.0, 124.9, 132.7, 136.1, 138.1, 149.2, 158.9.

2.3.1) b) 8-Methoxy-2-methylquinoline (2): To a solution of 8-Hydroxy-2methylquinoline (2.02 g, 12.7 mmol) in 50 ml of acetone, potassium carbonate (3.56 g,
25.8 mmol) was added and stirred under argon for 30 min. Methyl iodide (3.88 g, 27.3
mmol) was added over a period of 5 min and let it stir overnight at room temperature.
Acetone was removed by evaporation and extracted with water/DCM. The organic layer
was dried using sodium sulfate and evaporated to give a purple-white solid.13,27 (Yield=
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2.10 g, 96%); 1H NMR (CDCl3, 400 MHz), δ 2.78 (s, 3H), 4.06 (s, 3H), 7.02 (d, J= 7.3,
1H), 7.30 (d, J= 8.4, 1H), 7.33 (dd, J= 8.2, 1H), 7.36 (d, J= 7.7, 1H), 7.99 (d, J= 8.4, 1H);
13

C NMR (CDCl3, 100 MHz), δ 25.9, 56.1, 107.7, 119.5, 122.7, 125.8, 127.6, 136.2,

139.8, 154.9, 158.2.

2.3.1) c) 5,7-Dibromo-8-methoxy-2-methylquinoline (3): To a solution of 5,7Dibromo-8-hydroxy-2-methylquinoline (2.08 g, 6.55 mmol) in 50 ml of acetone,
potassium carbonate (3.50 g, 25.3 mmol) was added and stirred under argon for 30 min.
Methyl iodide (3.88 g, 27.3 mmol) was added over a period of 5 min and let it stir
overnight at room temperature. Acetone was removed by evaporation and extracted with
water/DCM. The organic layer was dried using sodium sulfate and evaporated to give a
dull yellow solid.13,26 (Yield= 2.11 g, 97%); mp 122-125 °C. 1H NMR (CDCl3, 400
MHz), δ 2.79 (s, 3H), 4.16 (s, 3H), 7.39 (d, J= 8.4, 1H), 7.89 (s, 1H), 8.33 (d, J=8.4, 1H);
13

C NMR (CDCl3, 100 MHz), δ 25.5, 62.2, 116.17, 116.22, 123.4, 126.4, 132.5, 136.0,

143.3, 153.0, 160.1.

2.3.1) d) 8-Benzyloxy-2-methylquinoline (4): The whole reaction was performed under
argon. 8-Hydroxy-2-methylquinoline (3.00 g, 18.9 mmol) was dissolved in 12 ml of N,Ndimethylformamide (DMF). Anhydrous potassium carbonate (4.01 g, 29.0 mmol) was
added to the mixture and stirred for 5 min. While heating the mixture in an oil bath at 85
°C, benzyl chloride (2.53 g, 20.0 mmol) was added which may solidify but liquefied
upon warming. The mixture was stirred for 24 hours at 85 °C, cooled to room
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temperature and diluted with water to give a white precipitate in a yellow solution. The
water was filtered off via vacuum filtration and washed thoroughly with water to remove
liquid by-products.26 (Yield= 4.57 g, 97%); 1H NMR (CDCl3, 300 MHz), δ 2.77 (s, 3H),
5.42 (s, 2H), 6.99 (d, J= 7.4, 1H), 7.2-7.4 (m, 6H), 7.51 (d, J= 6.9, 1H), 8.00 (d, J= 8.1,
1H); 13C NMR (CDCl3, 75 MHz), δ 25.9 70.9, 100.8, 110.6, 119.9, 122.6, 125.6, 126.9,
127.7, 127.8, 128.6, 136.1, 137.4, 154.0, 158.3.

2.3.1) e) 8-Benzyloxy-5,7-dibromo-2-methylquinoline (5): The whole reaction was
performed under argon. 5,7-Dibromo-8-hydroxy-2-methylquinoline (1.00 g, 3.17 mmol)
was dissolved in 10 ml of DMF at room temperature followed by addition of potassium
carbonate (1.50 g, 10.85 mmol) and heated at 85 °C in an oil bath. Benzyl chloride (0.55
g, 4.35 mmol) was added to the mixture and stirred for 20 hours at 85 °C. The mixture
was cooled to room temperature and diluted with water to give a white precipitate in
yellow solution. The solid was filtered via vacuum filtration and extracted with
water/DCM to remove the dark impurities. The organic solvent was dried with sodium
sulfate and evaporated to give a pale yellow solid.26 (Yield= 1.11 g, 86%); 1H NMR
(CDCl3, 300 MHz), δ 2.81 (s, 3H), 5.46 (s, 2H), 7.36-7.40 (m, 4H), 7.64 (d, J= 8.0, 2H),
7.89 (s, 1H), 8.33 (d, J= 8.8, 1H); 13C NMR (CDCl3, 75 MHz), δ 25.4, 76.4, 116.1, 116.6,
123.3, 126.3, 128.1, 128.3, 128.8, 132.5, 135.9, 137.2, 143.3, 151.7, 159.8. The purified
product contained trace impurities which preceded target fraction (TLC, silica, CH2Cl2)
with 1H NMR (CDCl3) signals at ppm 7.45-7.30 (m), 5.18 (s) and 13C NMR at ppm 69.7,
128.5, 128.6. The compound was used without further purification.
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2.3.2 Unsubstituted C-8 Quinoline Derivatives
2.3.2) a) 6-Chloro-2-methylquinoline (6): Refluxed p-chloroaniline (2.55 g, 20.0 mmol)
in 20 ml of 6M HCl and crotonaldehyde (1.73 g, 21.0 mmol) was added dropwise over a
period of 15 min and the mixture was heated for 0.5-1 hour. The mixture was cooled to
room temperature and zinc chloride (2.72 g, 20.0 mmol) was added with vigorous
stirring. The mixture was cooled to 0 °C in an ice bath and stirred for additional 15 min.
The solid was filtered via vacuum filtration and washed with 3N HCl. 2-Propanol was
added to remove impurities and the mixture was filtered again to give the
quinaldine.HCl.ZnCl2 complex. The complex compound was shaken in water in a
separatory funnel and 20 ml of concentrated ammonium hydroxide was added and shaken
again. The mixture was extracted with diethyl ether. The organic layer was dried using
sodium sulfate and evaporated to give pale yellow crystals.22 (Yield= 0.483 g, 14%); 1H
NMR (CDCl3, 300 MHz), δ 2.73 (s, 3H), 7.29 (d, J= 8.5 1H), 7.60 (d, J= 9.06, 1H), 7.74
(s, 1H), 7.95 (d, J= 8.3, 2H);

13

C NMR (CDCl3, 75 MHz), δ 25.3, 122.9, 126.1, 127.1,

130.25, 130.27, 131.3, 135.2, 146.2, 159.4.

2.3.2) b) 6-Bromo-2-methylquinoline (7): Refluxed p-bromoaniline (3.44 g, 20.0 mmol)
in 20 ml of 6M HCl and crotonaldehyde (1.73 g, 21.0 mmol) was added dropwise over a
period of 15 min and the mixture was heated for 0.5-1 hour. The mixture was cooled to
room temperature and zinc chloride (2.72 g, 20.0 mmol) was added with vigorous
stirring. Addition of zinc chloride would turn the mixture into hard brown oil. Adding 2propanol did not work either. The mixture was triturated with absolute ethanol to remove
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the impurities. The mixture was cooled to 0 °C in an ice bath and stirred for additional 15
min. The solid was filtered via vacuum filtration and washed with 3N HCl to give the
quinaldine.HCl.ZnCl2 complex. The complex compound was shaken in water in a
separatory funnel and 20 ml of concentrated ammonium hydroxide was added and shaken
again. The mixture was extracted with diethyl ether. The organic layer was dried using
sodium sulfate and evaporated to give pale yellow crystals.22 (Yield= 1.33 g, 30%); 1H
NMR (CDCl3, 400 MHz), δ 2.71 (s, 3H), 7.29 (d, J= 8.4, 1H), 7.72 (d, J= 8.8, 1H), 7.87
(d, J= 8.8, 1H), 7.90 (s, 1H), 7.93 (d, J= 8.8, 1H); 13C NMR (CDCl3, 100 MHz), δ 25.5,
119.5, 122.9, 128.0, 129.5, 130.5, 132.9, 135.1, 147.5, 159.9.

2.3.2) c) 6-Methoxy-2-methylquinoline (8): Refluxed p-anisidine (2.46 g, 20.0 mmol) in
20 ml of 6M HCl and crotonaldehyde (1.73 g, 21.0 mmol) was added dropwise over a
period of 15 min and the mixture was heated for 0.5-1 hour. The mixture was cooled to
room temperature and zinc chloride (2.72 g, 20.0 mmol) was added with vigorous
stirring. The mixture was cooled to 0 °C in an ice bath and stirred for additional 15 min.
Filtered the solid via vacuum filtration and washed with 3N HCl to give the
quinaldine.HCl.ZnCl2 complex. The complex compound was shaken in water in a
separatory funnel and 20 ml of concentrated ammonium hydroxide was added and shaken
again. The mixture was extracted with diethyl ether. The organic layer was dried using
sodium sulfate and evaporated to give dark yellow-brown oil.22 (Yield= 1.04 g, 30%); 1H
NMR (CDCl3, 400 MHz) δ 2.68 (s, 3H), 3.88 (s, 3H), 7.01 (s, 1H), 7.21 (d, J= 8.4, 1H),
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7.31 (d, J= 9.16, 1H), 7.91 (m, 2H);

13

C NMR (CDCl3, 100 MHz), δ 24.9, 55.4, 105.1,

121.9, 122.2, 127.3, 129.9, 135.0, 143.7, 156.3, 157.1.
2.3.3 Quinoline-2-carboxaldehyde Derivatives
2.3.3) a) 2-Formyl-8-hydroxyquinoline (9): To 25 ml of dioxane in a round bottom
flask, 8-hydroxyquinaldine (1.00 g, 6.28 mmol) and SeO2 (0.843 g, 7.60 mmol) were
added. The mixture was heated in an oil bath at 80 °C for 24 hours under argon. The
mixture was diluted with dichloromethane and the selenium solid formed was filtered off
using celite via vacuum filtration. The solvents were evaporated to yield a dark brown
solid.28 (Yield= 1.01 g, 93%); 1H NMR (CDCl3, 400 MHz), δ 7.27 (s, 1H), 7.41 (d, J=
8.4, 1H), 7.61 (t, J= 8.1, 1H), 8.03 (d, J= 8.4, 1H), 8.29 (d, J= 8.8, 1H), 10.19 (s, 1H); 13C
NMR (CDCl3, 100 MHz), δ 111.3, 118.1, 118.2, 130.5, 131.1, 137.6, 137.9, 150.2, 153.1,
192.9.

2.3.3) b) 8-Benzyloxy-2-formylquinoline (10): To 25 ml of dioxane in a round bottom
flask, 8-benzyloxyquinaldine (2.00 g, 8.02 mmol) and SeO2 (1.08 g, 9.70 mmol) were
added. The mixture was heated in an oil bath at 80 °C for 24 hours under argon. The
mixture was diluted with dichloromethane and the selenium solid formed was filtered off
using celite via vacuum filtration. The solvents were evaporated to yield an orange liquid
which crystallizes in room temperature.26 (Yield= 2.08 g, 99%); 1H NMR (CDCl3, 300
MHz), δ 5.47 (s, 2H), 7.16 (d, J= 7.7, 1H), 7.29- 7.55 (m, 7H), 8.06 (d, J= 8.2, 1H), 8.26
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(d, J= 8.0, 1H), 10.31 (s, 1H);

13

C NMR (CDCl3, 75 MHz), δ 71.0, 110.9, 117.7, 119.9,

127.0, 127.9, 128.6, 129.6, 131.3, 136.4, 137.2, 140.2, 151.5, 155.1, 193.8.
2.3.3) c) 8-Methoxy-2-formylquinoline (11): To 25 ml of dioxane in a round bottom
flask, 8-methoxyquinaldine (1.00 g, 5.77 mmol) and SeO2 (0.775 g, 6.98 mmol) were
added. The mixture was heated in an oil bath at 80 °C for 24 hours under argon. The
mixture was diluted with dichloromethane and the selenium solid formed was filtered off
using celite via vacuum filtration. The solvents were evaporated to yield a dark brown
liquid which crystallizes in room temperature.29 (Yield= 1.01 g, 94%); 1H NMR (CDCl3,
300 MHz) δ 4.15 (s, 3H), 7.14 (d, J= 7.7, 1H), 7.46 (d, J= 7.7, 1H), 7.62 (t, J= 8.0, 1H),
8.06 (d, J= 8.5, 1H), 8.28 (d, J= 8.3, 1H), 10.30 (s, 1H);

13

C NMR (CDCl3, 75 MHz),

δ 56.4, 108.9, 118.1, 119.7, 119.8, 129.8, 131.4, 137.4, 151.6, 156.2, 193.8.

2.3.3) d) 5,7-Dibromo-8-hydroxy-2-formylquinoline (12): To 25 ml of dioxane in a
round bottom flask, 5,7-dibromo-8-hydroxyquinaldine (0.504 g, 1.59 mmol) and SeO2
(0.213 g, 1.92 mmol) were added. The mixture was heated in an oil bath at 80 °C for 24
hours under argon. The mixture was diluted with dichloromethane and the selenium solid
formed was filtered off using celite via vacuum filtration. The solvents evaporate to yield
a dark brown liquid which crystallizes in room temperature.17 (Yield= 0.487 g, 93%); 1H
NMR (CDCl3, 400 MHz), δ 8.06 (s, 1H), 8.16 (d, J= 8.4, 1H), 8.64 (d, J= 8.8, 1H), 10.24
(s, 1H);

13

C NMR (CDCl3, 100 MHz), δ 40.9, 105.4, 110.5, 111.1, 119.3, 136.7, 138.0,

150.4, 151.1, 191.7.
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2.3.3) e) 8-Benzyloxy-5,7-dibromo-2-formylquinoline (13): To 25 ml of dioxane in a
round bottom flask, 8-benzyloxy-5,7-dibromoquinaldine (0.50 g, 1.23 mmol) and SeO2
(0.165 g, 1.49 mmol) were added. The mixture was heated in an oil bath at 80 °C for 24
hours under argon. The mixture was diluted with dichloromethane and the selenium solid
formed was filtered off using celite via vacuum filtration. The solvents were evaporated
to yield a pale yellow solid.26 (Yield= 0.515 g, 99%); 1H NMR (CDCl3, 300 MHz), δ 5.54
(s, 2H), 7.37-7.43 (m, 4H), 7.63 (d, J= 7.7, 1H), 8.11 (s, 1H), 8.64 (d, J= 8.0, 1H), 10.25
(s, 1H);

13

C NMR (CDCl3, 75 MHz), δ 116.2, 117.9, 118.6, 128.4, 128.5, 128.8, 129.0,

129.8, 136.3, 136.8, 138.0, 143.6, 152.4, 153.1, 192.8.

2.3.3) f) 5,7-Dibromo-8-methoxy-2-formylquinoline (14): To 25 ml of dioxane in a
round bottom flask, 8-methoxy-5,7-dibromoquinaldine (1.00 g, 3.02 mmol) and SeO2
(0.405 g, 3.65 mmol) were added. The mixture was heated in an oil bath at 80 °C for 24
hours under argon. The mixture was diluted with dichloromethane and the selenium solid
formed was filtered off using celite via vacuum filtration. The solvents were evaporated
to yield a pale yellow solid. (Yield= 0.818 g, 79%); mp 170-174 °C. 1H NMR (CDCl3,
300 MHz), δ 4.28 (s, 3H), 8.12 (s, 1H), 8.39 (d, J= 8.8, 1H), 8.76 (d, J= 8.8, 1H), 10.27
(s, 1H);

13

C NMR (CDCl3, 75 MHz), δ 62.9, 116.7, 118.4, 120.9, 129.8, 136.3, 138.0,

139.5, 152.5, 163.5, 192.9. The purified product contained trace impurities which
preceded target fraction (TLC, silica, CH2Cl2) with 1H NMR (CDCl3) signals at ppm
4.16(s), 4.20 (s), 7.96(s), 8.14 (s), 8.47 (d), 8.65 (d). The compound was used without
further purification.
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2.3.3) g) 6-Chloro-2-formylquinoline (15): To 25 ml of dioxane in a round bottom
flask, 6-chloroquinaldine (0.403 g, 2.27 mmol) and SeO2 (0.305 g, 2.75 mmol) were
added. The mixture was heated in an oil bath at 80 °C for 21 hours under argon. The
mixture was diluted with dichloromethane and the selenium solid formed was filtered off
using celite via vacuum filtration. The solvents were evaporated to yield a light red
solid.30 (Yield= 0.426 g, 98%); 1H NMR (CDCl3, 300 MHz), δ 7.76 (dd, 1H), 7.89 (s,
1H), 8.04 (d, 1H, J= 8.52), 8.18 (d, 1H, J= 9.06), 8.23 (d, 1H, J= 8.52), 10.20 (s, 1H); 13C
NMR (CDCl3, 75 MHz), δ 118.4, 126.7, 130.7, 131.7, 132.1, 135.4, 136.6, 146.4, 152.8,
193.4.

2.3.3) h) 6-Bromo-2-formylquinoline (16): To 25 ml of dioxane in a round bottom
flask, 6-bromoquinaldine (0.551 g, 2.48 mmol) and SeO2 (0.333 g, 3.00 mmol) were
added. The mixture was heated in an oil bath at 80 °C for 21 hours under argon. The
mixture was diluted with dichloromethane and the selenium solid formed was filtered off
using celite via vacuum filtration. The solvents were evaporated to yield a light brownyellow solid. (Yield= 0.551 g, 94%); mp 159-161 °C. 1H NMR (CDCl3, 400 MHz), δ
4.00 (s, 3H), 7.86 (dd, J= 8.8, 1H), 8.02 (d, J= 8.4, 1H), 8.05 (s, 1H), 8.09 (d, J= 8.8, 1H),
8.20 (d, J= 8.4, 1H), 10.26 (s, 1H);

13

C NMR (CDCl3, 100 MHz), δ 55.8, 105.0, 118.0,

124.1, 131.9, 135.8, 144.1, 150.8, 160.1, 193.7.
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2.3.3) i) 6-Methoxy-2-formylquinoline (17): To 25 ml of dioxane in a round bottom
flask, 6-methoxyquinaldine (0.513 g, 2.89 mmol) and SeO2 (0.388 g, 3.50 mmol) were
added. The mixture was heated in an oil bath at 80 °C for 21 hours under argon. The
mixture was diluted with dichloromethane and the selenium solid formed was filter off
using celite via vacuum filtration. The solvents were evaporated to yield a dark brown
solid.31 (Yield= 0.532 g, 98%); 1H NMR (CDCl3, 400 MHz), δ 3.99 (s, 3H), 7.12 (s, 1H),
7.45 (dd, J= 9.2, 1H), 8.00 (d, J= 8.4, 1H), 8.12 (d, J= 9.2, 1H), 8.17 (d, J= 8.4, 1H),
10.17 (s, 1H);

13

C NMR (CDCl3, 100 MHz), δ 55.8, 105.1, 118.0, 123.7, 131.8, 132.0,

135.8, 144.1, 150.8, 160.1, 193.7.
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Chapter 3

Preparation of Monosubstituted Malononitriles and
Indolizines

3.1 Introduction
3.2 Results and Discussion
3.3 Experimental Section

3.1 Introduction
The quinoline-2-carboxaldehydes were then reacted with malononitrile of the same molar
ratio via knoevenagel condensation in 95% ethanol which is then followed by dilution
with more 95% ethanol and cooling it to 0 °C with the addition of sodium borohydride
(NaBH4) to get the desired monosubstituted malononitriles.13
According to Fariba Tayyari’s research, when the malononitrile was reacted with
quinoline-2-carboxaldehyde, the product decomposed and when purified via column
chromatography, turned out to be an indolizine.13
When this same procedure was done on C-8 substituted quinoline-2-carboxaldehyde
derivatives, there was no decomposition and when tested on 1H NMR, the cyclization
was not observed. The malononitrile was still in the open form. Different C-8 substituents
have been tested and yet no formation of indolizines.
So, I tried the C-6 substituted quinoline-2-carboxaldehyde derivatives, decomposition
occurred and when purified via column chromatography, a nucleophilic attack between
the N atom of quinoline and C atom of nitrile occurred followed by proton transfer and
tautomerization to form indolizines.
We

assume

that

quinoline-2-carboxaldehyde

derivatives

undergo

knoevenagel

condensation followed by reduction to form indolizines unless substituted at C-8 position.

3.2 Results and Discussion
As described in the introduction, the most direct route to monosubstitued malononitriles
is the alkylation of malononitrile, but this method generally produces various amounts of
disubstituted malononitriles from overalkylation. The first step usually involves a
Knoevenagel condensation between malononitrile and an aldehyde or ketone in 95%
ethanol. In the second step, the intermediate dicyanoalkene is reduced in a single step to
afford the desired monosubstituted malononitrile by diluting the mixture with more 95%
ethanol, cooling it to 0°C, and adding the desired amount of sodium borohydride
(NaBH4).13
When this process was attempted on a C-8 substituted 2-formylquinolines, the cyclization
did not occur to form indolizines and no nuclephilic attack was observed. We assume this
is due to the presence of substituents in the C-8 position hindering the tautomerization.
The knoevenagel condensation with the reduction did not work with the hydroxyl group
at the C-8 position.
But in the case of unsubstituted C-8, when 2-formylquinolines have undergone the knoevenagel
condensation followed by reduction process, the nucleophilic attack of N in quinoline rine to the
C of the nitrile was observed followed by the proton transfer and tautomerization.

X

X
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CN

1) 95% EtOH
2) NaBH4, 0 oC
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Scheme 3.1: Knoevenagel Condensation of C-8 Substituted Quinoline-2-carbaldehyde with
Malononitrile

Y
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Scheme 3.2: Knoevenagel Condensation of C-8 Unsubstituted Quinoline-2-carbaldehyde with
Malononitrile
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CN

Table 3.1 Synthesis of Monosubstituted Malononitrile

Isolated
Product

Yield %

X= H, R= H

-

-

X= H, R= Benzyl

18

45

X= H, R= Methyl

19

20

X= Br, R= H

-

-

X= Br, R= Benzyl

20

46

X= Br, R= Methyl

21

46

Table 3.2 Formation of Indolizines

Isolated
Product

Yield %

X= Cl

22

57

X= Br

23

20

X= OCH3

24

28

44

3.3 Experimental Section
Malononitrile (661mg, 10 mmol) was dissolved in 95% ethanol (10 mL) and to this
solution was added the appropriate aromatic aldehyde (10 mmol). The solution was
stirred at r.t. until precipitation was complete or overnight. Additional EtOH (20 mL) was
added and the mixture cooled to 0 °C in an ice bath. NaBH4 (169 mg, 5mmol) was
introduced to the vigorously stirred mixture and the reduction was complete in about 20
min.13

Extraction method workup: To the reaction mixture was added DI H2O (50 mL) and
CH2Cl2 (25 mL), followed by 1.0 M HCl until all hydride was quenched. The layers were
separated and the aqueous layer was extracted with CH2Cl2 (2 × 25 mL). The combined
organic layers were dried (Na2SO4), filtered, concentrated via roto-evaporation and then
under high vacuum, and purified via recrystallization or column chromatography.13

3.2.1) 8-Benzyloxyquinoline-2-malononitrile (18)
The general procedure, followed to scale using malononitrile (0.251 g, 3.80 mmol),
8-benzyloxyquinoline-2-carboxaldehyde (1.00 g, 3.80 mmol), and NaBH4 (0.072 g, 1.90
mmol), afforded an orange solid after column chromatography on silica gel. (Yield=
0.534 g, 45%); mp 136-138 °C. 1H NMR (CDCl3, 300 MHz), δ 3.70 (d, J= 7.7, 2H), 4.93
(t, J= 7.6, 1H), 5.43 (s, 2H), 7.35-7.45 (m, 6H), 7.93 (d, J= 8.5, 1H), 8.08 (s, 1H), 8.16 (d,
J= 8.22, 1H), 8.27 (d, J= 8.5, 1H); 13C NMR (CDCl3, 75 MHz), δ 20.9, 38.6, 71.1, 71.2,
111.3, 113.1, 119.6, 121.3, 122.1, 127.1, 127.4, 128.0, 128.6, 130.3, 137.3, 137.5, 158.5.
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The purified product contained trace impurities which preceded target fraction (TLC,
silica, CH2Cl2) with 1H NMR (CDCl3) signals at ppm δ 7.11-7.19 (m), 7.35-7.45 (m),
7.52-7.60 (m).

3.2.2) 8-Methoxyquinoline-2-malononitrile (19)
The general procedure, followed to scale using malononitrile (0.865 g, 13.1 mmol),
8-methoxyquinoline-2-carboxaldehyde (2.45 g, 13.1 mmol), and NaBH4 (0.25 g, mmol),
afforded a light orange white crystal after column chromatography on silica gel. (Yield=
0.455 g, 20%); mp 153-155 °C. 1H NMR (CDCl3, 300 MHz), δ 3.70 (d, J= 7.7, 2H), 4.09
(s, 3H), 4.90 (t, J= 7.7, 1H), 7.10 (d, J= 7.7, 1H), 7.35-7.45 (dd, J= 8.2, 2H), 7.48 (d, J=
7.7, 1H), 8.18 (d, J= 8.5, 1H);

13

C NMR (CDCl3, 75 MHz), δ 21.9, 39.1, 56.3, 108.9,

113.0, 119.7, 121.8, 127.4, 128.8, 137.7, 139.9, 151.6, 155.2.

3.2.3) 8-Benzyloxy-5,7-dibromoquinoline-2-malononitrile (20)
The general procedure, followed to scale using malononitrile (0.039 g, 0.594 mmol),
5,7-dibromo-8-benzyloxyquinoline-2-carboxaldehyde (0.25 g, 0.594 mmol), and NaBH4
(0.011 g, 0.297 mmol), afforded a brown oil after column chromatography on silica gel.
(Yield= 0.13 g, 46%); 1H NMR (CDCl3, 400 MHz), δ 3.66 (d, J= 7.7, 2H), 4.50 (t, J= 7.5,
1H), 5.38 (s, 2H), 7.40-7.45 (m, 4H), 7.62 (d, J= 7.0, 2H), 8.02 (s, 1H), 8.50 (d, J= 8.8,
1H); 13C NMR (CDCl3, 100 MHz), δ 19.8, 38.0, 76.5, 112.8, 116.4, 118.1, 122.2, 127.4,
127.6, 128.3, 128.5, 134.1, 137.3, 137.7, 142.9, 152.3, 153.4.
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3.2.4) 5,7-Dibromo-8-methoxyquinoline-2-malononitrile (21)
The general procedure, followed to scale using malononitrile (0.466 g, 7.06 mmol),
5,7-dibromo-8-methoxyquinoline-2-carboxaldehyde (2.44 g, 7.06 mmol), and NaBH4
(0.134 g, 3.53 mmol), afforded a dark yellow solid after column chromatography on
silica gel. (Yield= 1.29 g, 46%); mp 136-140 °C. 1H NMR (CDCl3, 400 MHz), δ 3.78 (d,
J= 7.0, 2H), 4.16 (s, 3H), 4.90 (t, J= 7.3, 1H), 7.45 (d, J= 8.8, 1H), 8.00 (s, 1H), 8.50 (d,
J= 8.8, 1H); 13C NMR (CDCl3, 100 MHz), δ 20.4, 38.0, 62.7, 113.0, 116.5, 122.2, 123.8,
127.5, 134.2, 137.8, 138.3, 153.3, 153.6. Impurities present in 1H NMR even after Silica
Gel Chromatography at δ 4.21, 7.80, 8.11, 8.64.

3.2.5) 1-Aminopyrrolo[1,2-a]quinoline-9-chloro-2-carbonitrile (22)
The general procedure, followed to scale using malononitrile (0.071 g, 1.07 mmol),
6-chloroquinoline-2-carboxaldehyde (0.21 g, 1.07 mmol), and NaBH4 (0.02 g, 0.535
mmol), afforded a light yellow solid after column chromatography on silica gel. (Yield=
0.146 g, 57%); mp 210-212 °C. 1H NMR (CDCl3, 300 MHz), δ 4.24 (s, 2H), 6.53 (s, 1H),
6.78 (d, J= 9.4, 1H), 7.10 (d, J= 9.4, 1H), 7.53 (dd, J= 9.1, 1H), 7.69 (s, 1H), 8.71 (d, J=
9.1, 1H);

13

C NMR (CDCl3, 75 MHz), δ 85.0, 102.4, 117.1, 117.9, 118.0, 118.7, 120.3,

126.8, 127.1, 127.5, 127.6, 132.7, 140.9.

3.2.6) 1-Aminopyrrolo[1,2-a]quinoline-9-bromo-2-carbonitrile (23)
The general procedure, followed to scale using malononitrile (0.056 g, 0.85 mmol),
6-bromoquinoline-2-carboxaldehyde (0.20 g, 0.85 mmol), and NaBH4 (0.016 g, 0.425
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mmol), afforded a light orange solid after column chromatography on silica gel. (Yield=
0.048 g, 20%); mp 198-202 °C. 1H NMR (CDCl3, 400 MHz), δ 4.25 (s, 2H), 6.52 (s, 1H),
6.77 (d, J= 9.2, 1H) , 7.09 (d, J= 9.2, 1H), 7.52 (d, J= 9.2, 1H), 7.68 (s, 1H), 8.69 (d, J=
9.2, 1H);

13

C NMR (CDCl3, 100 MHz), δ 79.6, 85.0, 102.4, 118.0, 118.5, 120.2, 126.7,

127.8, 129.8, 130.6, 133.0, 140.9, 153.7.

3.2.7) 1-Aminopyrrolo[1,2-a]quinoline-9-methoxy-2-carbonitrile (24)
The general procedure, followed to scale using malononitrile (0.081 g, 1.22 mmol),
6-methoxyquinoline-2-carboxaldehyde (0.23 g, 1.22 mmol), and NaBH4 (0.023 g, 0.61
mmol), afforded a light green solid after column chromatography on silica gel. (Yield=
0.08 g, 28%); mp 170-172 °C. 1H NMR (CDCl3, 400 MHz), δ 3.88 (s, 3H), 4.22 (br s,
2H), 6.47 (s, 1H), 6.80 (d, J= 9.2, 1H), 7.01 (dd, J= 8.0, 2H), 7.04 (d, J= 9.2, 1H), 8.69 (d,
J= 9.2, 1H);

13

C NMR (CDCl3, 100 MHz), δ 55.6, 84.0, 101.8, 111.1, 114.5, 116.9,

117.8, 119.5, 119.6, 126.7, 127.4, 128.6, 140.4, 156.4.
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