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Quinoline is an important class of nitrogen compounds containing aromatic heterocycle.
Lavendamycin and streptonigrin are known antibiotic, antitumor agents which contain the
quinoline-5,8-dione functional group that provide their antitumor properties. Quinonline-5,8diones are an important class of compounds because of their wide spectrum of biological
activities. Most cancer cells show an elevated level of NQO1 enzyme which activates
lavendamycin to act as an antitumor agent. Lavendamycin contains a β-carboline which has a
substituted pyridine connected to the 2-position of the quinolone-5,8-dione. The research goal is
to study various synthetic methods and reactions to produce
2-chloro-8-hydroxy-5,7-dinitroquinoline and 8-methoxyquinoline analogues.
In order to approach this, 8-hydroxyquinoline goes through three or four synthetic steps
to install the chloro group at the two position of the quinoline ring. Oxidation of 8hydroxyquinoline to produce 8-hydroxyquinoline-N-oxide, reaction with acetic anhydride to give

8-acetoxy-2-hydroxyquinoline is followed by conversion into 2-chloro-8-hydroxyquinoline with
POCl3. Finally, nitration provides 2-chloro-8-hydroxy-5,7-dinitroquinoline. The 8-hydroxy
derivatives can be converted to 8-methoxyquinoline analogues with methyl iodide and potassium
carbonate.
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1.1

Quinoline
One area of drug research being develop is based on compounds containing a quinoline

functional group (1) shown in Figure 1. The quinoline can be found in medicines, pesticides,
chemical preservatives and as intermediates in synthetic processes.1

Figure1: Structure of Quionline
Quionline and quionline derivatives are a special interest as medicines, covering a wide spectrum
of biological activity. The quionline and tetrahydroquionline rings are the basic unit of a series
of natural alkaloids. It was discovered that the quiolines exhibit analgesic, anticancer,
antiamebic, and contraceptive activities.1
8-Hydroxyquionline (2) is one example of a quionline derivative. 8-Hydroxyquinoline
(Figure 2) and its substituted derivatives are attracting more and more attention from synthesis
chemists because of their fantastic coordination properties and special photoelectric properties.
The structural features and properties of 8-hydroxyquinoline derivatives must be studied for
increasing the quality and yield of the intermediate and end products in the production of
medicinal preparations of the quinoline series (nitroxoline, enteroseptol, quinosol, etc.).2

8

Figure2: Structure of 8-Hydroxyquionline
1.2 Quinoline Derivatives
Lavendamycin (2) (Figure 2) has the quinone antitumor antibiotics, and it has been the
major compound in the research area. This compound was first isolated from the fermentation
broth of Streptomyces lavendulae in 1981 by Balitz and the structure was determined by
Doyle.3,4 Lavendamycin has a pentacyclic structure and includes two moieties, a quinoline-5,8dione and indolopyridine (β-carboline).4 Lavendamycin was obtained as a dark red solid which
has limited solubility in organic solvents.5 The structure of lavendamycin was determined by
different methods including: elemental analysis, infrared (IR), ultraviolet absorption (UV), mass
spectroscopy (MS) and nuclear magnetic resonance (NMR) spectroscopy. 5

Figure 2: Structures of Lavendamycin and Streptonigrin
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Lavendamycin (3) is similar in structure to streptonigrin which is another potent
antibiotic antitumor agent.3,4 Streptonigrin was isolated in 1959 from Streptomyces flocculus and
inhibits human tumors.6 The studies have indicate that the quionline-5,8dione is essential moiety
for the cytotoxic activity of Lavendamycin and Streptonigrin.4 The clinical use of both of these
antibiotics has been precluded because of their toxicity toward human cells.5 In addition to
streptonigrin, lavendamycin methyl ester (4) has shown also antitumor properties.
1.3 Synthesis of Lavendamycin Analogues
The first synthesis of lavendamycin methyl ester (4) was reported in 1984 by Kende and
Ebetino in total of nine steps with an overall yield of 2% (Scheme 1).4, 7 They synthesized this
compound by the promoted condensation of 7-bromo-5-nitro-8-methoxyquinaldic acid 6 with βmethyltryptophan methyl ester 7 to give the corresponding amide 8. Tryptophanamide 8 was
converted to the β-carboline ester 9 by a Bischler-Napieralski condensation.7 The BishlerNapieralski reaction cyclizes the tryptophan amide to a β-carboline ester through an
intermolecular electrophilic aromatic substitution. Compound 9 was reduced to 10. Compound
10 was oxidized with potassium dichromate to form the quinone 11, which was then reacted with
sodium azide and reduced to produce lavendamycin methyl ester (4).7
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Scheme 1: Kende and Ebetino’s Synthesis of Lavendamycin Methyl Ester
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In addition, Boger reported a total synthesis of lavendamycin methyl ester in 1984 in 20 steps
with an overall yield of ~0.5%.8 The synthesized method was based on a Friedlander
condensation of 2-amino-3-benzyloxy-4-bromobenzaldehyde 12. The aminoaldehyde was
reacted with the β-carboline, 1-acetyl-3-(methoxycarbonyl)-4-methyl-β-carboline 13 in order to
build the B-ring 14 and provide the complete carbon skeleton of lavendamycin. Debenzylation of
14 gave 8-hydroxyquinoline derivative 15 which was oxidized to produce quinone 16.
Conversion of 16 to lavendamycin methyl ester 4 was done in two steps similar to the Kende’s
work (Scheme 2).8
Scheme 2: Boger’s Synthesis of Lavendamycin
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In 1993, Ciufoline used an approach modified from the Knoevenagel-Stobbe pyridine
formation and further construction by a thermolytic nitrene insertion (Scheme 3).9 The
condensation of quinoline 17 with 2-azidobenzaldehyde 18 produced chalcone 19.9 This enone
was reacted with 2-ethoxybut-1-ene and 2-ethoxybut-2-ene to form 20. The formation of the
pyridine 21 has done from the reflux of 21 with hydroxylamine hydrochloride in acetonitrile.
Compound 21 was oxidized to form 22 and thermolysis produced the β-carboline 23. This gave
the framework for lavendamycin. Aldehyde 23 was oxidized to acid and then converted to ester
24. This was the same intermediate as Boger, which was treated identically to yield
lavendamycin methyl ester (4).
Scheme 3: Ciufoline’s Synthesis of Lavendamycin
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Recently, Albert Padwa and Mohammad Behforouz have explored different methods of
synthesizing new lavendamycin analogues. Heteroaryl cross-coupling has been used as a method
to synthesize new compounds by Padwa and his group.3 A retrosynthesis of a much simpler Nacetyl analogue of lavendamycin (Scheme 4),3 revealed to them that they could obtain the
skeletal framework from a Pd(0)-catalyzed cross-coupling reaction.
Scheme 4: Retrosynthetic Pathway for Lavendamycin

Padwa’s method has been done on synthesizing lavendamycin analogues from two key
intermediates, 2-halo- (or 2-stannyl)-5,7-dinitro-8-alkoxy substituted quionline with a 2pyridinylstannane (or halide).3 Figure 4 shows different compounds synthesized from the Pd(0)catalyzed cross-coupling reaction.
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Figure 4: Pd(0)-Catalyzed Cross-Coupling for Several Compounds

In 2010, Mohammed Behforouz reported a study of the biological activities of 25
different lavendamycin analogues.4 Furthermore, Behforouz has studied two biological aspects
of the analogues, metabolism and in vitro cytotoxicity. Metabolism was measured in
µmol/min/mg by looking at the reduction rates of lavendamycin by NQO1 enzyme.4 The higher
the rate, the better is the metabolism. The vitro cytotoxicity was determined in µM by measuring
the ratio of cell survival of NQO1 deficient cells versus NQO1 rich cells. The higher the ratio,
the better is the selectivity.4
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In the United States, cancer is the second leading cause of death, exceeded only by heart
disease.10 It is considered as a major public health problem in the United States and many other
parts of the world. 11 In 2013, about a half a million of Americans are expected to die from
cancer, more than 1,500 people a day.11 Cancer accounts for nearly 1 of every 4 deaths. In fact,
different organic compounds have been synthesized as antitumor agents. Identifying the
importance of the aspects of cancerous cells will lead to better understanding of these
compounds.
Cancer is a group of more than 100 diseases characterized by uncontrolled growth and
spread of abnormal cells.11 Cancer can be caused through external and internal factors: tobacco,
infectious organisms, radiation and chemicals are external factors. Inherited mutations,
hormones, immune conditions, and mutations that occur from metabolism are internal factors.10
Cells undergo cell cycle to reproduce either cancerous or noncancerous. Normal cells go
through a mechanism known as a contact inhibition, which the normal cells stop dividing when
they come into contact with identical cells.12 In contrast, cancerous cells do not have the ability
to stop the cell division when they contact with the similar cells. Cancer is treated with surgery,
radiation, chemotherapy, hormone therapy, biological therapy, and targeted therapy.10 In fact,
chemotherapy is a common and the most effective cancer treatment because it halts the cell
division. Usually, cancer drugs work by damaging the RNA or DNA that makes the cell to copy
itself in division. If the cancer cells are unable to divide, they die. 10
Even though, chemotherapy is the most effective at killing cells that are rapidly dividing,
but chemotherapy does not have the ability to differentiate between cancer cells and normal
cells.10 Normal cells will grow back, but several side effects may occur such as: low blood
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counts, mouth sores, nausea, diarrhea, and/or hair loss.12 Nowadays, developing drugs which
are selectively toxic to cancer cells is an important area of research.
Overall, the goal of the project to study different synthetic methods and reactions to
produce 2-chloro-8-hydroxy-5,7-dinitroquinoline, and 8-methoxyquinoline analogues.
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Chapter 2
Synthesis of 8hydroxyquinoline and 8methoxyquinoline derivatives
2.1 Introduction
2.2 Literature Methods
2.3 Results and Discussion
2.4 Experimental
2.5 Data
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2.1

Introduction
The research goal is to study varies synthetic methods and reactions to produce 2-chloro-

8-hydroxyquinoline-5,7-dinitro, and 8-methoxyquinoline analogues. We have explored the rout
that would give the 2-chloro-8-hydroxyquinoline. This route would allow for the synthesis of 8hydroxyquinoline derivatives and 8-methoxyquinoline analogues.
2.2

Literature Methods
Sigouin and Beauchamp have synthesized the 2-chloro-8-hydroxyquinoline from 8-

hydroxyquinoline (Scheme 5).13
Scheme 5: Sigouin’s Synthesis of 2-Chloro-8-hydroxyquinoline

8-Hydroxyquinoline (25) was oxidized to produce 8-hydroxyquinoline-N-oxide (26), which was
treated with acetic anhydride to give 8-acetoxy-2-hydroxyquinoline (27). Then, (27) was reacted
with methanol and Potassium Carbonate which was then acidified with 10% HCl to make
2,8-dihydroxyquinoline (28). Finally, 2,8-dihydroxyquinoline (28) was treated with
Phosphorous Oxychloride to give 2-chloro-8-hydroxyquinoline (29).
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Padwa published a synthesis of 8-hydroxyquinoline and 8-methoxyquinoline analogues
(Scheme 6).3 The first step has done is synthesizing 2-Chloro-8-hydroxy-5,7-dinitroquinoline
(30) by the dinitration of 2-Chloro-8-hydroxyquinoline (29). However, Padwa added fuming
HNO3 distilled at reduced pressure from 1:1 mixture of 70% HNO3/H2SO4 while keeping the
boiling point under 70 ˚C to concentrated H2SO4 at 0 ˚C. 2-Chloro-8-hydroxyquinoline (29) was
added slowly to the mixture at 0 ˚C, the mixture stirring under a dry nitrogen atmosphere for 2
hours at 0 ˚C, then the mixture was carefully poured over crushed ice and the 2-Chloro-8hydroxy-5,7-dinitroquinoline (30) was filtered and washed with ice-cold water. In addition,
Padwa converted 2-Chloro-8-hydroxyquinoline (29) to 2-Chloro-8-methoxyquinoline (31).
Potassium Carbonate was added at room temperature to a solution of 2-Chloro-8hydroxyquinoline (29) in acetone. The solution was stirred under nitrogen atmosphere for 30
min. Methyl iodide was slowly added over a 5 min and the solution was stirred overnight at
room temperature. The solvent was removed under reduced pressure. Water was added and the
mixture was extracted with CH2Cl2. After drying over MgSO4, the solution was removed under
reduced pressure to give 2-Chloro-8-methoxyquinoline (31). The dinitration was carried out to
convert compound (31) to 2-Chloro-8-methoxy-5,7-dinitroquinoline (32). 2-Chloro-8-hydroxy5,7-dinitroquinoline (30) was methylate to produce 2-Chloro-8-methoxy-5,7-dinitroquinoline
(32).
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Scheme 6: Padwa’s Synthesis for Hydroxyl and Methoxy Analogues

2.3

Results and Discussion
First, we have explored two different methods to prepare the 8-hydroxyquinoline-N-oxide

(26). Sigouin and Beauchamp synthesize the 8-hydroxyquinoline-N-oxide (26) by using glacial
acetic acid and 30% hydrogen peroxide to make peracetic acid gave 61% yield. In this case, 8hydroxyquinoline was dissolved in glacial acetic acid and 30% hydrogen peroxide and then
heated to reflux overnight. After cooling to room temperature, the pH was adjusted to 12 by
using ammonium hydroxide. Also, Storz’s method using a peracetic acid solution has done and
gave a yield of 78 %. In this case, instead of adding ammonium hydroxide, the solution was
extracted by using 1 M HCl, saturated aqueous NaHCO3, saturated aqueous Na2CO3, and brine
to give 8-hydroxyquinoline-N-oxide (26) with the higher percentage yield.
The second half of the procedure that we looked at was making 2-chloro-8hydroxyquinoline (29) which was made in two different ways. The 8-hydroxyquinoline-N-oxide
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(26) was reacted with acetic anhydride and the solution heated to reflex for 5 hours to provide 8acetoxy-2-hydroxyquinoline (27) with 47% yield. In fact, Sigouin and Beauchamp’s synthesis
include making the 2,8-dihydroxyquinoline (28). We have found the 8-acetoxy-2hydroxyquinoline (27) can be directly converted to 2-chloro-8-hydroxyquinoline (29) which
helped to shorten the synthesis (Scheme 6) by skipping the step of making the 2,8dihydroxyquinoline (28) . Next, 8-acetoxy-2-hydroxyquinoline (27) converted to 2-chloro-8hydroxyquinoline (29) as written in the new procedure (Scheme 7) and provides 23 % yield. In
addition, the other way for making the 2-chloro-8-hydroxyquinoline (29) has carried out, but
instead of adding the Na2CO3, we adjust the pH to 9 by using ammonium hydroxide. In fact, this
method provides 47% yield.
Scheme 7: New Synthesis for making 2-Chloro-8-hydroxyquinoline

Padwa’s method was modified to make 2-chloro-8-hydroxy-5,7-dinitroquinoline (30)
(Scheme 8). We found that the compound (30) can be made by using different procedure in
order to make the dinitro compound. Concentrated HNO3 was added slowly to a solution of 2chloro-8-hydroxyquinoline (29) and concentrated H2SO4 which were in ice/water bath. After the
complete addition of HNO3, the ice bath was removed and the mixture was stirred for 2 hours at
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room temperature. Then, the solution poured carefully to ice/ water in (1:1) ratio, the solid was
filtered and washed with cold water and diethyl ether. 1H NMR matched the reported spectra.
Also, methylation of 2-chloro-8-hydroxyquinoline (29) has been done successfully using the
steps in Padwa’s procedure. In contrast, we could not make 2-chloro-8-methoxy-5,7dinitroquinoline (32) from compound (30) as stated in Padwa’s procedure. In fact, this difficulty
was due to the lack of solubility of the nitro groups. Moreover, we found that the nitro added
only at the Para position to the methyl group in 2-chloro-8-methoxyquinoline (31). This was
confirmed from 1H NMR spectrum for our new compound. It was concluded that due to the
steric hindrance for methyl group, make the nitration at ortho position harder. Therefore, it was
concluded the best way for making 2-chloro-8-methoxy-5-nitroquinoline (33) was to methylate
2-chloro-8-hydroxyquinoline (29) first and then nitrate the product second.
Scheme 8: Modified Procedure for Nitration Quinolone Derivatives
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2.4

Experimental
8-Hydroxyquinoline-N-oxide (26) (Method 1)
8-Hydroxyquinoline (4.00 g, 27.55 mmol) was dissolved in glacial acetic acid (25 mL)

and 30% hydrogen peroxide (10 mL). The solution was heated to reflux at (70 ˚C) overnight.
After cooling to room temperature, the pH was adjusted to 12 using ammonium hydroxide.
Vacuum filtration was used to collect the brown solid (2.72 g, 61 %).
8-Hydroxyquinoline-N-oxide (26) (Method 2)
8-Hydroxyquinoline (10.61g, 73.09 mmol) was dissolved in CH2Cl2 (110 mL). 32%
Peracetic acid (15.50 mL, 73.60 mmol) was cooled to 6 ˚C and added dropwise to the solution.
The solution was stirred at room temperature for 3 hours, and then quenched by the careful
addition of a solution of saturated sodium thiosulfate (2.75g, 17.50 mmol) in (4.5 mL) of water.
The organic phase was extracted with 1 M HCl (2 x 37.5 mL), saturated aqueous NaHCO3 (42.5
mL), saturated aqueous Na2CO3 (6.5 mL), and brine (20mL). The organic phase was evaporated
under reduced pressure to give the solid. For purification, (25 mL) of DI water was added to the
solid, stirred a room temperature for 30 minutes, and then filtered. The solid was washed with
(25 mL) of toluene and filtered and dried to give an orange solid (9.15 g, 78 %).
8-Acetoxy-2-hydroxyquinoline (27)
8-Hydroxyquinoline-N-oxide (1.65 g, 10.23 mmol) was dissolved in acetic anhydride (20
mL, 211.57 mmol). The mixture was heated to reflux (140 ˚C) for 5 hours. The mixture was
cooled to room temperature and then the solvent was removed under reduced pressure to give a
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light brown solid. The solid (0.98 g, 47 %) was washed with ethanol and collected by vacuum
filtration.
2-Chloro-8-hydroxyquinoline (29) (Method 1)
8-Acetoxy-2-hydroxyquinoline (0.88 g, 4.33 mmol) was dissolved in POCl3 (5 mL, 53.64
mmol) and heated on a steam bath for 1 hour. The mixture was slowly transferred into a mixture
of (37.5 g) of ice and (18.5 mL) of ammonium hydroxide. The solid was collected by vacuum
filtration and dissolved in (37.5 mL) of concentrated HCl and then was heated on a steam bath
for 1 hour. A Na2CO3 (19 g) was added to the solution to precipitate the solid. Then the solid
was filtered by vacuum filtration. The dark solid was dissolved in methanol and DI water was
added to cloudiness. The solution was placed in the freezer for 2- 3 hours. The brown solid was
collected by vacuum filtration (0.18 g, 23 %).
2-Chloro-8-hydroxyquinoline (29) (Method 2)
8-Acetoxy-2-hydroxyquinoline (0.88 g, 4.33 mmol) were dissolved in POCl3 (5 mL,
53.64 mmol) and heated on a steam bath for 1 hour. The mixture was slowly transferred into a
mixture of (37.5 g) of ice and (18.5 mL) of ammonium hydroxide. The solid was collected by
vacuum filtration and dissolved in (37.5 mL) of concentrated HCl and then was heated on a
steam bath for 1 hour. After cooling to room temperature, the pH was adjusted to 9 with
ammonium hydroxide. The dark solid was collected by vacuum filtration (0.32 g, 42%).
2-Chloro-8-Hydroxy-5,7-dinitroquinoline (30)
2-Chloro-8-hydroxyquinoline (0.50 g, 2.78 mmol) was added to concentrated H2SO4 (1 ml,
19 mmol) in 50 ml flask in ice/water bath. Concentrated HNO3 (1 ml, 15.8 mmol) was added
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slowly with glass pipette over 15 minutes. After complete addition of HNO3, the ice bath was
removed and the mixture was stirred at room temperature for 2 hour. Then, the mixture was
slowly transferred to 100 ml beaker 10 g of ice/water (1:1). The mixture was stirred until all ice
melted and the solid was collected by vacuum filtration. The solid was washed with cold DI
water (7.5 mL) and ethyl ether (3 mL) to give 2-Chloro-8-hydroxy-5,7-dinitroquinoline (0.21 g,
28%).
2-Chloro-8-methoxyquinoline (31)
A solution of 2-Chloro-8-hydroxyquinoline (0.19 g, 1.1 mmol) in (5 ml, 67.14 mmol) of
acetone was added (0.35 g, 2.50 mmol) of K2CO3 at room temperature, and the solution was
stirred under dry nitrogen over 30 minutes. Methyl iodide (0.37 ml, 2.50 mmol) was added over
5 minutes and the solution was stirred overnight at room temperature. The solvent was removed
under reduced pressure. Water (7.5 ml) was added and the mixture was extracted with CH2Cl2.
After drying over MgSO4, the solution was removed under reduced pressure to produce 2-chloro8-methoxyquinoline (0.14 g, 67%).
2-Chloro-8-methoxy-5-nitroquinoline (33)
2-Chloro-8-methoxyquinoline (0.14 g, 0.72 mmol) was added to concentrated H2SO4 (1ml,
0.71 mmol) in 20 ml flask in ice/water bath. Concentrated HNO3 (1 ml, 2.06 mmol) was added
slowly with a glass pipette over 3 minutes. After complete addition of HNO3, the ice bath was
removed and the mixture was stirred at room temperature for 2 hour. Then, the mixture was
slowly transferred to 50 ml beaker 3.5 g of ice/water (1:1). The mixture was stirred until all ice
melted and the solid was collected by vacuum filtration. The solid was washed with cold DI
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water (7.5 mL) and diethyl ether (3 mL) to give 2-chloro-8-methoxy-5-nitroquinoline (0.02 g,
10%).
2.5 Data
8-Hydroxyquinoline-N-oxide (26)

1

H NMR (400 MHz, DMSO-d6) δ 8.52 (dd, J = 5.7 and 0.8 Hz, 1H), 8.08 (d, J = 8.8 Hz,

1H), 7.57-7.47 (m, 2H), 7.41 (d, J = 8.1 Hz, 1H), 7.00 (d, J = 1.1 and 8.1 Hz, 1H).

8-Acetoxy-2-hydroxyquinoline (27)

1

H NMR (300 MHz, CDCl3) δ 10.90 (s, 1H), 7.78 (d, J = 9.63 Hz, 1H), 7.35 (dd, J = 8.0 and 1.1

Hz, 1H), 7.43 (dd, J = 7.7 and 0.81 Hz, 1H), 7.20 (t, J = 8.0 Hz, 1H), 6.66 (d, J = 9.3 Hz, 1H),
2.53 (s, 3H).
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2-Chloro-8-hydroxyquinoline (29)

1

H-NMR (400 MHz, CDCl3) δ 8.11 (d, J = 8.8 Hz, 1H), 7.67 (br s, 1H), 7.48 (t, J = 8.04 Hz, 1H),

7.40 (d, J = 8.8 Hz, 1H), 7.34 (d, J = 7.32 Hz, 1H), 7.22 (dd, J = 7.68 and 1.08 Hz, 1H).
2-Chloro-8-Hydroxy-5,7dinitroquinoline (30)

1

H-NMR (400 MHz, CDCl3) 9.22 (s, 1H), 9.24 (d, J= 9.18 Hz, 1H), 7.86 (d, J= 9.16 Hz, 1H).

2-Chloro-8-methoxyquinoline (31)

1

H-NMR (300 MHz, CDCl3) 4.06 (s, 3H), 8.04 (d, J= 14.01 Hz, 1H), 7.46 (t, J= 7.98 Hz, 1H),

7.37 (d, J= 3.3 Hz, 1H), 7.30 (d, J= 11.82 Hz, 1H), 7.07 (dd, J= 1.11 Hz and 7.71Hz, 1H).

29

2-chloro-8-methoxy-5-nitroquinoline (33)

1

H-NMR (400 MHz, DMSO-D6) 4.12 (s, 3H), 9.07 (d, J= 9.16 Hz, 1H), 8.60 (d, J= 8.8 Hz, 1H),

7.91 (d, J= 9.1 Hz, 1H), 7.43 (d, J= 9.16 Hz, 1H).
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