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I. Abstract 

This thesis describes work done as part of an ongoing research project in the synthesis 

oflavendamycin analogs, including various quinoline-5,8-diones. These smaller compounds 

form two of the five rings found in the structure oflavendamycin, a potent antibiotic and 

antitumor drug. The thrust of our research project is to find a compound with high antitumor 

activity that also has low toxicity and sufficient solubility to make it suitable for clinical 

applications. 

- The compound described in this thesis is a novel carboxylic acid derived from 

compounds previously synthesized as part of Dr. Behforouz's research work. Although this 

acid, due to its poor solubility, would not be suitable for practical applications, it is the hope 

of our group that this compound may be used as an intermediate in producing other 

compounds that would selectively enhance solubility and antitumor activity while decreasing 

cytotoxicity. 

Due to time constraints none of the acid derivatives (esters and amides) could be 

prepared and purified prior to this writing. However, work on the project is ongoing by 

several members within the research group. 
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III. Background Information 

The quinoline-5,8-dione structure forms the AB ring portion of the antibiotic 

lavendamycin. Lavendamycin, first isolated in 1981 at Bristol Laboratories, was found in the 

fermentation broth of the bacterium Streptomyces lavendulae. 1 It has been shown to be quite 

similar in both structure and biological activity to another compound known as streptonigrin, 

previously isolated from S . .f/occulus.2
,3 Both lavendamycin and streptonigrin contain a 

quinoline-5,8-dione moiety. Both have exhibited potent antitumor activity, however they also 

have exhibited a high degree of cytotoxicity, making them unusable for clinical 

applications. 4
,5,6 Lavendamycin also has a low solubility in water, making it even more 

impractical. l 
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Although no single mechanism has been able to fully explain the cytotoxicity of these 

and other quinones, several proposed mechanisms explain certain aspects of their biological 

activity. One mechanism deals with the effects of quinone radicals on the electron transport 

system in the mitochondria. 7 Several studies have observed the cleavage of single-stranded 

DNA.3
,8,9,lO These studies correlate the biological activity to the reduction potential of the 

quinones, especially to the formation of quinone free radicals. There is also evidence that 



lavendamycin methyl ester and some of its analogs have an inhibitory effect on cdc25a 

phosphatase, an essential component of cell cycle control. 11 

5 

Streptonigrin has been shown to have a much greater cytotoxic effect than many of 

the quinoline-5,8-diones that have been tested? Lavendamycin, although less potent than 

streptonigrin, has shown promising antitumor activity against rasK transformed oncogenic 

tumors. 11,12 Preliminary studies by our research group have indicated that the smaller 

quinolinedione analogs are less potent than lavendamycin itself However, some of our 

compounds have shown promise in reduced cytotoxicity to normal cells, while maintaining 

some level of antitumor activity. 

After the 1981 discovery of lavendamycin, several research groups started work on 

methods to synthesize the entire pentacyclic structure. The first reported synthesis of 

lavendamycin methyl ester resulted from work by Kende et al at the University of 

Rochester. 14, 15 Their method involved a Friedlander condensation to form the AB ring 

portion, followed by a Bischler-Napieralski cyclodehydration to produce the pentacyclic 

product. Other methods involved a Pictet-Spengler condensation to join a quinoline analog 

and f3-methyl tryptophan, forming the main skeleton. These methods involved many steps 

with overall yields of 1 % or less. 

The first short, practical synthesis oflavendamycin methyl ester was devised by the 

Behforouz group at Ball State University and reported in 1993. 16 This five-step synthesis 

used a novel azadiene in a Diels-Alder reaction to form the AB ring system, followed by an 

oxidation and a Pictet-Spengler condensation to give the pentacyclic product, with an overall 

yield of33%. In 1996, Behforouz's group reported a more practical five-step synthesis that 

increased the overall yield of lavendamycin to nearly 40%.12,17 
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While research is ongoing to study the structure-activity relationships of various 

lavendamycin analogs, the Behforouz group is also looking at the AB ring system, the 

quinoline-5,8-diones. While the work in lavendamycin analogs continues, many of the 

bicyclic analogs have been synthesized to test for biological activity. Even though most of 

the quinolinediones tested so far are less potent than lavendamycins, early indications show 

that, with appropriate side group additions and modifications, it may be possible to produce a 

quinoline-5,8-dione derivative that may have practical clinical applications. 1l
, 13 

Based on the structure-activity relationships in lavendamycin analogs, several 

predictions have been made concerning the probable activity of different quinolinediones. 

By adding or altering side groups at strategic locations, we hope to increase antitumor 

activities while maintaining low cytotoxicity toward normal cells. In addition, we predict 

that certain polar side groups will increase the solubility of the compounds, making them 

more usable in clinical applications. 1l 

Among those modifications predicted to increase the usefulness of our compounds 

are the introduction of various esters, amides, and other acid derivatives at the C-2 position. 

The C-2 carboxylic acid, a necessary functional group for these derivatives, has not 

previously been synthesized in this class of compounds. 

IV. Synthesis of Quinoline-5,8-diones 

The synthesis of the bicyclic quinoline-5,8-dione skeleton was worked out as part of 

the ongoing effort to synthesize numerous analogs of lavendamycin. Kende and Ebetino of 

the University of Rochester were the first to publish a method for synthesis in 1984, using a 

Friedlander condensation to produce the AB ring system as part of the synthesis of 

------------------------,---------------
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lavendamycin methyl ester. 14 Boger obtained a quinoline-5,8-dione in 1985, using 8-

hydroxyquinoline as a starting compound. 19 In 1993, Behforouz's group reported the 
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synthesis of a 7-acetaminoquinoline-5,8-dione as part of a concise lavendamycin methyl ester 

synthesis. 16 This method used a Diels-Alder condensation to of a bromo quinone and a novel 

azadiene to form the quinolinedione AB rings (see Scheme 1). In two steps, the Behforouz 

procedure produced a quinoline-5,8-dione with over 45% yield. This dione was then 

functionalized to an aldehyde to facilitate formation of the pentacyc1e. 

Scheme 1 
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In 1996, the Behforouz group reported a second short synthesis of lavendamycin 

methyl ester with a 40% overall yield. 17 This method uses 8-hydroxyquinaldine (8-hydroxy-

2-methylquinoline) as the starting material for the AB ring system (see Scheme 3). This 

procedure is much simpler in practice than the 1993 method, and gives comparable yields for 

the quinolinedione. It is this procedure which was employed in this thesis to produce the 

compounds described herein. 

As part of the synthesis of compounds in the quinoline-5,8-dione class, we wanted to 

make a group of esters and ami des at the 2-C position. This required, as a preparatory step, 

the functionalization of this side group to an acid. Behforouz's group had formed an 
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aldehyde at this position, but had not been able to oxidize the group further. 16. 17 The 

problem we had was that, in the strong acidic or basic environments required by most strong 

oxidizing agents, the acylamino group in the 7-C position was easily hydrolyzed, giving an 

amine product. Several attempts were made to find an oxidizing agent which was strong 

enough to fully functionalize the acid at C2, but with a mild environment to protect the 

existing amide at C7. 

As it turned out, our group actually found two methods for making the acid (refer to 

Scheme 2). The first procedure was determined by Darric Baty and involved simply 

increasing the running time and amount of oxidizing agent in the existing procedure for 

making the aldehyde?O This one-step reaction oxidized the methyl group directly, instead of 

isolating the aldehyde. Unfortunately, though the presence of the desired acid was 

confirmed, the product was difficult to purify and the reaction in general was cumbersome. 

Scheme 2 
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The second method determined to form the acid is described in this thesis. It was 

inspired by work from Banerjee et at and involved the use of sodium perborate to further 

oxidize the aldehyde to a carboxylic acid. 21 This turned out to be a relatively simple reaction, 

giving a good yield and a relatively pure acid product as a precipitate. 
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Once the acid was obtained, we continued our research to find a method of forming 

different acid derivatives at this position. We intended to make the succinimide ester as an 

intermediate to other esters and amides?2 Unfortunately, the polar compound was not 

soluble in many organic solvents, and it was difficult to find a suitable solvent which would 

not interfere with the reaction. DMF was the only suitable solvent available, but its very high 

boiling point made the isolation ofthe product difficult. It was decided to continue with the 

next step without the isolation of the succinimide ester intermediate, adding an amine directly 

to the reaction mixture to form the amide. Due to constraints oftime, we were unable to 

completely purify the product from this reaction, but we believe the compound does contain 

the desired amide, with an amino group at the C-7 position, as shown by IH NMR. 

v. Biological Activity 

The development of concise, high-yield methods for the production oflavendamyacin 

and its analogs has made it possible to study the relationship of chemical structures in these 

compounds to their biological activity. For several years, the Behforouz group has been 

conducting ongoing structure-activity relationship studies on lavendamycin and a variety of 

its analogs. These and studies by other groups have indicated that it may be possible to 

achieve a potent antitumor drug using derivatives of the AB ring system, the quinoline-5,8-

diones.2, 11 

---------------------------------------------
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VI. Synthetic Methods 

The synthesis of the bicyc1ic quinoline-5,8-dione skeleton was worked out as part of 

the ongoing effort to synthesize numerous analogs oflavendamycin. Behforouz's 1996 

procedure for the synthesis of lavendamycin methyl ester involved making the AB ring 

system from a quinoline derivative and functionalizing the aldehyde before undergoing a 

condensation with a tryptophan to form the pentacyc1ic product. 17 

The quinoline-5,8-dione was prepared according to the following process (refer to 

Scheme 3). From Aldrich, 8-hydroxyquinaldine was purchased. A nitration was performed 

in a mixture of concentrated nitric and sulfuric acids, yielding a dinitro product 2. As the 

starting compound had an activating hydroxyl group in the 8 position, the nitro groups were 

added to the ortho- and para- positions at 7 and 5. The reaction is quite exothermic, and 

produces large quantities of NO gas; the reaction was kept under a hood, and in an ice bath to 

keep the reaction temperature below 50°C. 

Scheme 3 

NHAe 

AeHN 

OAe 3 

.. 
glacial acetic acid 

CH3 AeHN 

H2 /Pd-C 5% .. 
cone HCI 

CH3 

o 4 

OH 

CH3 AeHN 

Acetic Anhydride .. 

Na2S04 ' NaOAc 
CH3 

Following the nitration, 2 was reduced to give the amino product. The reaction 

utilized a Parr hydrogenator at an initial H2 pressure of 43 psi over 24 hours, with palladium-

on-charcoal as a catalyst. Since the electron donating effects of the amino groups on the 
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aromatic ring made the resulting amino compound sensitive to air oxidation, hydrochloric 

acid was included in the hydrogenation mixture to protect compound by converting the 

reduced amino groups to ammonium chloride salts. This salt was not isolated, but was 

placed directly into solution with sodium sulfite, an antioxidant, and sodium acetate, which 

acted as a base. The slow addition of acetic anhydride yielded crystals of the diacetamido 3. 

This substitution reaction can be explained by the nucleophilic attack of the amino groups on 

the carbonyl carbons of the anhydride. 

Next, the diacetamido compound 3 was oxidized with potassium dichromate in a 

solution of glacial acetic acid to give the quinolinedione 4. The aqueous reaction mixture 

was extracted with dichloromethane. The organic layers were neutralized with 5% sodium 

bicarbonate, dried with magnesium sulfate, and rotary evaporated to yield the yellow dione. 

The 7-acetamido-2-methylquinoline-5,8-dione 4 was then oxidized to the aldehyde 5. 

The reaction occurred in a wet solution of 1,4-dioxane under argon with selenium dioxide as 

the oxidizing agent. The mechanism of this reaction is such that the selenium dioxide and 

water react first, making a reactive selenic acid, which then selectively oxidizes only the 

methyl group of the quinone to an aldehyde. 

Two methods were employed to obtain the carboxylic acid 6, one by further oxidation 

of the aldehyde in 5, the other by oxidizing the methyl group of 4 directly (see Scheme 2). 

The first method turned out to be the most practical. Aldehyde 5 was treated with sodium 

perborate in glacial acetic acid, yielding a precipitate of the 2-carboxylic acid 6 (refer to 

Scheme 4). 

The low solubility of the acid in suitable solvents made the formation of esters and 

amides from 6 difficult. The acid was combined with N-hydroxysuccinimide in dry DMF, 
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and dicyc1ohexy1carbodiimide was used to facilitate the dehydration to the ester 7. We were 

unable to successfully isolate the product from the DMF, so the reaction proceeded with the 

direct addition of dry n-butylamine. We had hoped to obtain the amide product 8a, but we 

Scheme 4 
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believe that the basic conditions introduced with the addition of the amine caused the 

aminolysis of the 7-acetamido group, yielding 8b. Pure product has not yet been obtained, 

despite multiple attempts at column chromatography and other methods. 

Due to time constraints, the author of this thesis was unable to obtain any purified 

derivatives from the acid. However, work on this project is ongoing, and these derivatives 

will likely be obtained in the near future. 
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VII. Experimental 

A. General Information 
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Reagents: 8-hydroxyquinaldine, 5% palladium-on-charcoal, selenium dioxide, N

hydroxysuccinimide, and N-dicyclohexylcarbodiimide were purchased from Aldrich. 

Sodium perborate was purchased from Mallinckrodt. All other reagents and solvents 

were purchased from Fisher. 

Solvents: All solvents used were reagent grade, with two exceptions. DMF was first dried 

over molecular sieves, and 1,4-dioxane was dried according to method below. 

Melting Points: All melting points were determined using a Thomas-Hoover capillary 

melting point apparatus and are uncorrected. 

Nuclear Magnetic Resonance Spectra: IHNMR Spectra were recorded on a Varian 

Gemini 200 Spectrometer. Data for compounds 1-5 from thesis of A S. Rose; 

spectra were taken in CDCh. Due to solubility, spectra of6, 8 taken in DMSO. 

Infrared Spectra: FT-IR spectra were recorded on a Perkin-Elmer Spectrum 1000 FT-IR 

Spectrometer with compounds suspended in a KEr mull wafer. 

B. Solvent Purification 

1,4-dioxane had to be purified due to its tendency to polymerize. The solvent was 

refluxed over a large amount ofKOH, then decanted to remove the residue that formed. It 

was then dried by refluxing with sodium spheres for 1-2 hours (until the spheres appeared 

mirror-like), and then adding benzophenone to the mixture. A deep blue color from the 

benzophenone indicated dryness, and the solvent was then distilled. 
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c. Procedures 

Preparation of 8-Hydroxy-2-methyl-5,7-dinitroquinoline (2) 

In a 500-mL Erlenmeyer flask, concentrated sulfuric (30 mL) and concentrated nitric 

(70 mL) acids were combined while stirring on an ice bath. While this acidic mixture was 

kept at 20-30°C, 8-hydroxyquinaldine (1, 10.Og, 0.063mol) was added in small amounts over 

15 minutes. Once the addition was completed, the reaction was allowed to stir an additional 

3 hours. The mixture was then poured into a l-L beaker containing 600 mL ice cold water. 

A bright yellow solid formed instantly and was then filtered off. The solid was allowed to 

dry on the filter paper, then removed and mixed with ethanol (95%,200 mL), refiltered, and 

washed with diethyl ether. When dry, the yield was 8.30g (53%) of product 2. mp.293-

296°C. lR NMR (CDCh): 0 9.65 (lR, d, J=9.lHz, C-4H), 9.20 (lR, s, C-6H), 8.13 (lR, d, 

J=9.lHz, 3-CH), 2.93 (3R, S, C-2CH3) . 

Preparation of 5,7-Diacetamido-2-methyl-8-acetoxyquinoline (3) 

In a thick-walled 500 mL hydrogenation flask, concentrated hydrochloric acid (26 

mL) and water (200 mL) were combined with finely ground 8-hydroxy-2-methyl-5,7-

dinitroquinoline (2; l2.00g, 0.048 mol). To the mixture, 4g of 5% palladium-on-charcoal 

was added, and the flask was quickly placed on a Parr hydrogenator and shaken overnight, at 

H2 pressure starting at 43 psi and falling to 22 psi. The next day, the flask was removed from 

the hydrogenator and the reddish mixture was quickly filtered to remove the palladium-o

charcoal. The cake was rinsed with water (2 x 25 mL), and the filtrate was moved to a 500 

mL round-bottom flask. To the dark red solution, sodium sulfite (8g) and sodium acetate 

(lOg) were added and stirred magnetically, then 40 mL acetic anhydride was slowly poured 

in. The flask was then placed on a rotary evaporator, and the solution was evaporated until 
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the first few crystals appeared. The flask was then cooled on an ice bath and stirred rapidly 

while 40 rnL of acetic anhydride was added dropwise. The crystals that formed were then 

filtered off and rinsed with water to give a pale yellow to white solid. The filtrate was once 

again rotary evaporated to about v.. its previous volume. The flask was cooled and stirred 

rapidly while adding an additional 80 rnL of acetic anhydride. The remaining precipitate was 

filtered, rinsed with water, and combined with the first filtrate for drying, yielding 11.69g of 

product 3 (77%). 

Preparation of 7-Acetamido-2-methylquinoline-5,8-dione (4) 

In alL Erlenmeyer flask equipped with a magnetic stir bar, mixed 240 mL glacial 

acetic acid with 5,7-diacetamido-2-methyl-8-acetoxyquiniline (3, 6.3g, 0.020 mol). To this 

suspension, a mixture of potassium dichromate (17.6 g, .06 mol) in water (200 rnL) was 

added. The mixture stirred at room temperature for 24 hours, and was then added to a 2 L 

separatory funnel containing 900 rnL of water. The solution was extracted with 

dichloromethane (5 x 200 mL); the combined organic extracts were then washed with 5% 

aqueous sodium bicarbonate (3 x 300 rnL) and dried over magnesium sulfate. After filtering, 

the organic extracts were rotary-evaporated to dryness, then thoroughly dried on a vacuum 

pump to yield 2.34g (51%) of yellow product 4. mp.216-219°C. lRNMR (CDCh): 08.41 

(IR, s, C-NH), 8.32 (IR, d, J=8.1Rz, C-4H), 7.92 (IR, s, C-6H), 7.57 (1H, d, J=8.1Hz, C-

3H), 2.78 (3R, s, C-2CH3), 2.33 (3H, s, NHCOC~). 

Preparation of 7-Acetamido-2-formylquinoline-5,8-dione (5) 

In a 100 mL flask equipped with column, argon flow, and magnetic stir bar, placed 7-

acetamido-2-methylquinoline-5,8-dione (4, 1. 15g, 4.7 mmol) with 1.08g selenium dioxide, 

17.5 mL purified, dried l,4-dioxane, and 0.625 mL of water. The mixture was heated slowly 
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to reflux over a two hour period, then was allowed to reflux overnight at 115°C. After 16 

hours, the progress of the reaction was checked by TLC (1: 1 CH2Ch I EtOAc), and hourly 

after that until reaction was complete (17-20 hours total). When reaction was complete, 

added an additional 15 mL purified dioxane and continued refluxing for 15 minutes. The 

mixture was vacuum filtered while hot to remove the selenium. The metal precipitate was 

washed with 50 mL boiling dichloromethane, and the filtrates saved. The filter cake was 

removed and repeatedly washed with hot dichloromethane to obtain as much product as 

possible. The filtrates were then combined and rotary evaporated to dryness. The yellow-tan 

solid was dried on a vacuum pump to yield 0.84 g (69%) of aldehyde 5. mp.220-223°C. IH 

NMR (CDCh): 010.31 (1H, s, ArCHO), 8.64 (1H, d, J=7.7Hz, C-4H), 8.46 (lH, s, C-7NH), 

8.34 (lH, d, J=7.7Hz, C-3H), 8.07 (lH, s, C-6H), 2.37 (3H, S, COCH3). 

Preparation of 7-acetamidoquinoline-5,8-dione-2-carboxylic acid (6). 

In a 50-mL pear- or round bottom flask equipped with a magnetic stir bar, 5 mL of 

glacial acetic acid was heated to 90°C on an oil bath. To the warm acid, the aldehyde 5 

(488mg, 2 mmol) was added and allowed to stir 15 minutes. Sodium perborate (1.54g, 10 

mmol) was added to the suspension in small portions over 30 minutes, and an additional5mL 

of acetic acid was added as the mixture thickened. The mixture was allowed to stir for an 

hour, then 10 mL of water was added and allowed to stir a few minutes. The flask was then 

removed from the oil bath and the reaction was vacuum filtered to obtain the yellow 

precipitate. The filtrate was then rotary evaporated to about 113 original volume, then 

acidified (pH 2) with sulfuric acid. The crystals which formed were filtered, added to the 

first filter cake, and dried to give 300mg (57.7%) of acid 6. mp.248-250°C. IHNMR 
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C-3H), 7.78 (IH, s, C-6B), 2.27 (3H, s, COCHJ). FT-IR{KBr): 3278, 3221,1764,1682, 

1646, 1525, 1357, 1307, 1196 cm-I
. 

Preparation of N-succinimido 7-acetamidoquinoline-5,8-dione-2-carboxylate (7) 

In a dry 50-rnL round bottom flask equipped with a stir bar and an argon balloon, 

placed 7-acetamidoquinoline-5,8-dione-2-carboxylic acid (6; 130mg, 0.5 mmol) and 5 rnL of 

DMF. The mixture was heated at 70°C and stirred until the solution cleared, using additional 

DMF as needed (maximum of 10 rnL). The solution was cooled under argon flow and placed 

in an ice bath. N-hydroxysuccinimide (60mg) and 110 mg dicyclohexylcarbodiimide were 

added, and the reaction was allowed to stir overnight. The stirrer was then stopped and the 

flask was cooled in a fresh ice bath to allow the precipitate to settle out. The mixture was 

then vacuum filtered to remove the urea. Attempts to isolate the succinimide ester 7 by 

removing the DMF gave very low yield, so the reaction proceeded directly to the next step. 

Preparation of N-Butyl 7-acetamidoquinoline-5,8-dione-2-carboxamide (8) 

To the filtrate solution containing 7, dried, distilled n-butylamine (54 J,JL, .55 mmol) 

was added using a Hamilton micropipette. The addition of the base caused an aminolysis at 

the 7 -acetamido group, indicated by the red color of the final product. The flask was placed 

on a vacuum-distillation unit to allow room-temperature removal of the DMF. The dried 

residue contained a mixture which was difficult to purify. The major compound appears to 

be 8b, the 7-amino product. Column separation did not fully purify, and NMR is very 

complex. IR (KBr): 3288,2959,2931,2870, 1717, 1676, 1608, 1581, 1527, 1257 cm-I
. 
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Appendix A: 

NMR and IR Spectra 

Index of Spectra 

7 -Acetamidoquinoline-5 ,8-dione-2-carboxylic Acid (6) 
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7-Aminoquinoline-5,8-dione-2-carboxyl n-Butyl Amide (8b) 
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Appendix B: 

Research Presentations 

The author has presented all or part of the work described in this thesis on two 

occasions: once for the Ball State Chemistry Department, and once at the 113th Annual 

Indiana Academy of Sciences meeting on October 31, 1997 at Saint Joseph's College . 
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