
 

 
 
 
 
 
 
 
 

ABSTRACT 
 

Design and Synthesis of Functionalized Thiosemicarbazone Analogues as Potential Anti-
metastatic Agents 

 
Andrew T. Cody 

 
Director: Kevin G. Pinney, Ph.D. 

 
 

Metastasis is often the ultimate cause of death among cancer patients. An 

emerging target in the treatment of metastasis is cathepsin L which facilitates the 

degradation of the extracellular matrix thereby providing a pathway for the movement of 

cancer cells to secondary locations in the body from the primary tumor. A variety of 

potent small-molecule cathepsin L inhibitors bearing the thiosemicarbazone moiety have 

been discovered through the collaboration of the Pinney Research Group and Trawick 

Research Group at Baylor University. A compound known as KGP94 is among the more 

potent inhibitors discovered and has been re-synthesized for further studies. The majority 

of thiosemicarbazone containing inhibitors of cathepsin L are asymmetrical and prone 

to isomerization about the imine bond of the thiosemicarbazone functional group. 

Since isomerization may interfere with the ability of these compounds to inhibit cathespin 

L, a series of symmetrical thiosemicarbazone analogues was prepared and evaluated as 

inhibitors of cathepsin L. 
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CHAPTER ONE 
 

Introduction 
 
 

Cancer is a disease that is characterized by uncontrolled cellular growth. It occurs 

when processes that regulate the growth and division of cells fail. During normal cell 

division, cellular DNA is duplicated, and one copy is distributed to each new cell. As 

DNA is copied, it is possible for errors to arise. In addition, external factors such as 

radiation or carcinogenic chemicals can cause mutations in DNA. Most alterations to 

cellular DNA result in the death of the cell, but some contribute to the survivability of the 

cell and its progeny. These mutated cells grow faster and larger or divide more 

frequently. When the cells divide faster, more opportunities for mutation arise. Further 

mutations give additional advantages to the cancerous tissue. For example, mechanisms 

designed to control excessive growth and division fail. In addition, cells can lose 

adhesion to their parent tissue allowing increased motility, and they can become resistant 

to apoptosis, a process that causes cells to self-destruct when they malfunction.1 

Eventually these many mutations allow the tumor to grow large and invade neighboring 

tissues, disrupting normal organ functions. As the tumor grows larger it becomes too big 

to survive utilizing only the blood supply from existing blood vessels. Angiogenesis 

generates new vasculature to deliver nourishment from the host blood supply.1 Tumors 

damage neighboring tissue by competing for resources or by growing large enough to 

interfere with normal functions. They can sometimes be removed surgically with little 

difficulty, but if any cancerous cells are left behind, they can grow into a new tumor. 
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Although localized solid tumors can be removed surgically, metastatic solid 

tumors or “liquid” cancers such as leukemia require a systemic method of treatment in 

the form of chemotherapy.2 In the early days of drug development for cancer therapy, 

new developments arose through trial and error. For example, in the 1940s Dr. Sidney 

Farber noticed that acute lymphoblastic leukemia (ALL) was a disease of the blood and 

prescribed folic acid to his patients with ALL, since it had been found to promote healthy 

blood in a certain type of anemia. Unfortunately, the folic acid, because of its role in 

DNA synthesis, simply accelerated the progression of leukemia. As a result, Farber next 

focused on a series of synthetic antifolates. While some of these antifolates achieved 

limited success, the cancer typically returned and became resistant to further doses. 

Subsequent chemotherapy experiments by a multitude of oncologists tested small doses 

of highly cytotoxic agents, sometimes several in combination, in the hope that the toxins 

would kill the cancer before they killed the patient. These nonselective treatments were 

occasionally successful, and some of the better ones are still in use, but side effects range 

from the uncomfortable such as hair loss or nausea to the life-threatening, including high 

risk of systemic infection due to a compromised immune system.2 Now, with more recent 

discoveries relating to the biology and biochemistry of cancer, it seems possible to 

develop chemotherapeutic agents targeted to specific processes unique to cancer cells. 

Such highly selective agents would presumably maximize efficacy while minimizing risk 

to the patient. Furthermore, development of such agents can proceed in a more deliberate, 

less random manner than was possible in the early days of cancer research. 
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Nearly 580,000 cancer deaths were expected in the United States in 2012. As 

metastasis progresses, survival rates fall dramatically.3 Metastasis is a process wherein 

cells separate from a primary tumor (a body of cancer cells) and migrate, usually through 

the bloodstream, to secondary sites in the body where they grow into secondary tumors. 

As tumors develop in multiple sites in the body, surgery ceases to be a viable treatment 

option. The metastatic process begins when mutations weaken cell adhesion and degrade 

the extracellular matrix (ECM). The ECM is a network of proteins such as collagen, 

fibronectin, and E-cadherein. If a cell succeeds in separating from its native tissue, 

mechanisms within the cell are supposed to detect its isolation and trigger apoptosis, or 

cell death. However, due to the rapidly dividing nature of cancer cells, it is probable that 

mutations will arise that disrupt apoptosis. Cells that are able to detach from their original 

tissue and survive are able to develop into new tumors once they arrive at a secondary 

site.1 

The ECM can be degraded by a variety of enzymes. Cysteine proteases are among 

the several classes of enzymes that contribute to degradation. The cysteine cathepsin 

family of proteases in particular has been shown to be upregulated in metastatic cancers, 

particularly cathepsins B and L.4 In healthy humans, these enzymes play important roles. 

Cathepsin K is typically expressed predominantly in bone tissue and is essential to bone 

remodeling. Cathepsin L is also somewhat involved in bone remodeling, but it is more 

ubiquitous than cathepsin K and has more diverse roles. It is also involved in soft tissue 

remodeling.5,6,7 For example, it is important in recovery from heart attacks,8 where it 

helps progenitor cells migrate to the site of injury and it promotes regrowth of damaged 
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blood vessels. It is also thought to be a part of neuropeptide processing, and is thus 

important to proper brain function.9 A key difference between cathepsins L and K is that 

cathepsin K is normally secreted from osteoclasts as part of its normal functioning, 

whereas cathepsin L tends to be confined to lysosomes within cells in healthy tissues. 

While cathepsin K is typically only found in bone tissue, cathepsin L is ubiquitous, that 

is, expressed in most tissue types.10 When upregulated, it can be secreted from the cell, 

where it can then hydrolyze proteins in the ECM. The extracellular presence of cathepsin 

L promotes metastasis in cancerous tissue.11 Therefore, the inhibition of cathepsin L is 

currently being investigated as a viable target for chemotherapeutic agents. 

There are several possible approaches to cathepsin L inhibition. One of these 

approaches involves peptide based inhibitors. When cathepsin L is first synthesized by 

the body, it is in a form called procathepsin L. This means that the peptide chain making 

up cathepsin L initially has a “proregion” that must be removed before the enzyme 

becomes active. Until this propeptide is cleaved, the enzyme will have limited activity.12 

Therefore, some attempts at cathepsin L inhibition have sought to mimic the proregion’s 

structure in order to design a molecule with similar inhibitory properties. Approaches to 

this goal vary: some researchers have synthesized naturally occurring inhibitory 

peptides13 while others seek to create peptides of minimum possible length.14  

Alternatively, a new molecule may be designed that is not based on an existing 

polypeptide structure.4,15,16 One approach to this method is to examine effective inhibitors 

of similar enzymes and modify them to be extremely effective against and specific to the 

target enzyme. Some research of this nature has been done for cathepsin L.  Initial work 
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for the cathepsin project began with studies on Chagas disease.  Chagas disease is a 

parasitic disease found primarily in less developed regions of Latin America. It is caused 

by the parasite Trypanosoma cruzi. The cysteine protease cruzipain, or cruzain, is 

essential to the maturation of the parasite and the spread of the disease. Therefore, small-

molecule inhibitors of this enzyme have been synthesized in an attempt to fight the 

disease. Cruzain is quite similar to the cathepsins and therefore research on cruzain 

inhibition has been used as a starting point for designing inhibitors of cathepsins  L and 

K.17 

  

 

The Pinney and Trawick research groups at Baylor University have studied 

cruzain inhibitors in the past and have used their results as a basis for their current 

Figure 1: Several inhibitors designed in previous studies4,14,15,16 
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research on cathepsin L.17 One of the major classes of inhibitors studied by Pinney and 

Trawick is composed of thiosemicarbazone based compounds, particularly those with 

structures based on benzophenone and thiochromanone molecular templates.4,15,18,19,20,21 

These general structure have been very successful at inhibiting cathepsin L. In particular, 

compounds that contain a 3-bromo group on one of the rings have been the most 

effective. 

Unfortunately, due to the asymmetry of many of these inhibitors, they are prone 

to stereoisomerization during synthesis. Some, like KGP94, will isomerize in solution, so 

that even a sample in which one isomer has been isolated may contain both isomers given 

sufficient time. To avoid issues relating to stereoisomerization, an effective inhibitor that 

is also symmetrical is highly desirable. 

Figure 2: Two stereoisomers of KGP94 



 

7 

CHAPTER TWO 
 

Results and Discussion 
 
 

Synthesis of KGP94 
 

In order to gain practical experience with organic synthesis, a new batch of 

KGP94 was synthesized. KGP94 has been a lead compound in previous studies and it is 

one of the more potent inhibitors of cathepsin L synthesized by the Pinney group. Since a 

suitable synthetic route had already been determined, it was a straightforward 

introductory project. Furthermore, additional KGP94 was requested by collaborators of 

the Pinney Research Group. 

 

 Scheme 1: Synthetic Scheme for KGP94 
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3-Bromobenzoyl chloride 1 was reacted with N,O-dimethylhydroxylamine 

hydrochloride 2 to form Weinreb amide 4. 3-Bromophenol 3 was treated with tert-

butyldimethylsilyl chloride, yielding TBDMS-protected 3-bromophenol 5, which was 

subsequently reacted with n-butyllithium. Weinreb amide 4 was added to the resulting 

organolithium intermediate to form ketone 6, which was condensed with 

thiosemicarbazide to form thiosemicarbazone 7. Finally, the protecting silyl group was 

removed from the hydroxyl group, resulting in KGP94 (8). 

 
Synthesis of KGP68 

 

 

 Scheme 2: Synthetic scheme for KGP68 and proposed selenosemicarbazone analogue 



 

9 

A study on selenosemicarbazone containing inhibitors of cruzain evaluated the 

effectiveness of the selenosemicarbazone analogue of KGP68 against the enzyme with 

promising results.22 Therefore, the question of whether selenosemicarbazone compounds 

are more effective than their thiosemicarbazone counterparts in cathepsin L inhibition 

bears investigating. In order to examine the effectiveness of the selenosemicarbazone 

moiety compared to thiosemicarbazide, the synthesis of the selenosemicarbazone 

analogue to KGP68 was planned. Since previous experiments have shown a degree of 

variability in IC50 values between batches of the same compound, the precursor ketone to 

both KGP68 and the new analogue was prepared in a single batch. A portion of this 

batch would then be condensed with thiosemicarbazide, and a portion with 

selenosemicarbazide to achieve the most accurate comparison possible.  

In order to synthesize ketone 10, 1,3-dibromobenzene 9 was reacted with n-

butyllithium to form an intermediate organolithium, followed by the addition of Weinreb 

amide 3 (synthesized in the same manner as described in the KGP94 synthesis scheme). 

Ketone 10 was then condensed with thiosemicarbazide to yield KGP68 (11). Since 

selenosemicarbazide is no longer commercially available and is not facile to synthesize, 

the corresponding selenosemicarbazone 12 has not yet been synthesized, but a portion of 

this ketone has been stored for future studies should selenosemicarbazide become 

available. 

 
Synthesis of Symmetrical Thiosemicarbazone Analogues 

 
 The target compounds for this project all share a similar structure: they are all 1,5-

diaryl-3-pentanone thiosemicarbazones. Therefore, they share a general synthetic 
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method. First, the appropriate benzaldehyde 13-15 was reacted with acetone in basic 

conditions to yield  dibenzylideneacetones 16-18 by an Aldol condensation reaction. 

These were then reduced by catalytic hydrogenation with 10% palladium on carbon and 

cyclohexadiene to yield 1,5-diaryl-3-pentanones 19-21, which were condensed with 

thiosemicarbazide to yield target compounds 22-24. All of the target compounds were 

substituted at the meta postion on both aryl rings; bromo-,  chloro-, and hydroxyl- 

derivatives were attempted.  

  

 

When TLC samples of the dibenzylidene acetones 16-18 are exposed to visible 

light for an extended period of time in solution, a color change is often observed.  

Although the structure of the compounds exposed to light have not been determined, one 

study has suggested that dibenzylideneacetone can polymerize via [2 + 2] cycloaddition 

when exposed to visible wavelengths of light over time.23 The polymers obtained are 

Scheme 3: Synthetic scheme of symmetrical analogues 22-24 (19, 20, 22, and 
23 have not yet been completed) 
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typically dimers or trimers. Structures for potential polymers suggested by this study are 

shown in Figure 6.  

 

Figure 3: Two possible polymers potentially formed from compound 16 based on Rao 
et al.23 
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Biochemical Evaluation 
 

The compounds synthesized were evaluated for their activity against cathepsin L 

through a collaborative arrangement with the Trawick group at Baylor University. Two 

different measurements were made: percent inhibition and IC50. Percent inhibition is 

measured at a specified concentration (in this case 10 μM) and specifies the degree to 

which cathepsin L is inhibited by the compound. IC50 measures the concentration of the 

compound required to reduce cathepsin L activity by 50%. These values have yet to be 

determined for compounds 22-24, but those for other related compounds and for KGP94 

and KGP68 are summarized in Table 1. 
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Table 1: Inhibition of cathepsin L by selected thiosemicarbazone analoguesa 

Compound Percent Inhibition of 
cathepsin L at 10 μM 

Cathepsin L IC50 

 

8 

 

NAb 

 

134.4 nM 

 

11 

 

NAb 

 

16.7 nM 

 

24 

 

NDc 

 

NDc 

 

25d 

 

23.12%  1.06 

 

>10000 nM 

 

26d 

 

28.49%  1.50 

 

>10000 nM 

 

27 

 

30.49%  2.73 

 

>10000 nM 

a: data obtained through collaboration with the Trawick Research Group. See ref 20 for details  
b: NA = Not Available 
c: ND = Not Determined 
d: compounds synthesized by Erica Parker, a graduate student in the Pinney Research Group 
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CHAPTER THREE 
 

Materials and Methods 
 
 

General Experimental Methods 
 

All reactions were carried out under an inert atmosphere of nitrogen gas.   

Chemicals used for synthesis and purification were purchased from VWR, Sigma Aldrich 

Chem. Co. , Alfa-Aesar, Acros Chem. Co. , EMD Chemicals, and Fisher-Scientific.  

Reactions were monitored for product formation with glass-backed Thin-Layer-

Chromatography (TLC) plates (250 μm, F-254, 60 Å) purchased from Silicycle Inc.  

Crude products were purified either by manual flash column chromatography using silica 

gel (230-400 mesh, 60 Å) purchased from Silicycle Inc. or automated flash column 

chromatography using the Biotage® Isolera™ Spektra one or four.   Initial 

characterization of products was characterized by 1H NMR and 13C NMR using the 

Varian 500 MHz NMR system.  Chemical shifts are reported in parts per million (ppm, 

δ), coupling constants (J) are reported in hertz (Hz), and splitting patterns are reported as 

broad (br), singlet (s), doublet (d), triplet (t), and multiplet (m). Purity was determined by 

HPLC with an Agilent Technologies 1200 series HPLC system with a Diode Array and 

Multiple Wavelength Detector SL and an Agilent Eclipse XDB-C18 column (4.6 mm ID 

x 250 mm (5 µm) 80 Å), T = 30 oC. Method A: eluents solvent A water, solvent B 

acetonitrile; gradient 100% A 0% B  50% A 50% B over 0-25 min; flow rate 1.5 

mL/min, injection volume 20 L; monitored at 254 nm, 210 nm, 280 nm, 300 nm, and 

320 nm. Method B: eluents solvent A water, solvent B acetonitrile; gradient 70% A 30% 
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B  0% A 100% B over 0-25 min; flow rate 1.5 mL/min, injection volume 20 L; 

monitored at 254 nm, 210 nm, 280 nm, 300 nm, and 320 nm 

 
(3-Bromophenoxy)-tert-butyldimethylsilane (5) 

 
Tert-butyldimethylsilyl chloride (3.150 g, 21.00 mmol) was added to a solution of 

imidazole (1.900 g, 27.94 mmol)  and 3-bromophenol (1520 mL, 14.01 mmol) in 

anhydrous DMF (40 mL) at 0o C. The reaction mixture was stirred for 23 h. Upon 

completion of the reaction, 5% aqueous NaHCO3 (50 mL) was added. The products were 

extracted with hexanes (2 x 100 mL) and concentrated under reduced pressure. 

Purification by flash column chromatography (silica gel, hexanes 100%) afforded (3-

bromophenoxy)-tert-butyldimethylsilane (2.457 g, 8.553 mmol, 61% yield) as a colorless 

oil. 1H NMR (500 MHz, CDCl3) d 7.07-7.09 (m, 2H), 6.99-7.01 (m, 1H), 6.74-6.78 (m, 

1H), .97 (s, 9H), .20 (s, 6H). 

 
3-Bromo-N-methoxy-N-methylbenzamide (4) 

 
Triethylamine (1919 mL, 13.66 mmol) was added dropwise to a solution of N,O 

dimethylhydroxylamine hydrochloride (1.010 g, 10.35 mmol) in anydrous 

dichloromethane (20 mL) at 0 oC.  After 10 min of stirring, 3-bromobenzoyl chloride 

(902 mL, 6.83 mmol) dissolved in anhydrous dichloromethane (5 mL) was added 

dropwise and the reaction mixture was returned to room temperature.  After 3.5 h of 

stirring, the reaction mixture was quenched with 35 mL of water.  The products were 

extracted with dichloromethane (2 x 25 mL) and the combined organic phases were dried 

over anhydrous sodium sulfate and concentrated under reduced pressure. Purification by 
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flash column chromatography (silica gel, hexanes: ethyl acetate, gradient 90:10 to 70:30) 

afforded 3-bromo-N-methoxy-N-methylbenzamide (1.620 g, 6.637 mmol, 97% yield) as a 

light yellow oil.  1H NMR (500 MHz, CDCl3) δ 7.82 (t, J = 1.7 Hz, 1H), 7.60-7.62 (m, 

1H), 7.57-7.60 (m, 1H), 7.26-7.31 (m, 1H), 3.55 (s, 3H), 3.36 (s, 3H). 

 
[3-(t-Butyldimethylsilyl)oxyphenyl]-(3-bromophenyl)methanone (6) 

 
The protected 3-bromophenol (2.925 g, 10.18 mmol) was dissolved in THF (20 

mL) and stirred for 5 min. The solution was cooled to -78 oC and stirred for an additional 

10 min before dropwise addition of n-butyllithium (2.4 mL, 5.9 mmol). The solution was 

allowed to stir for 2.3 h. A solution of 3-bromo-N-methoxy-N-methylbenzamide (1.724 g, 

7.063 mmol) in 5 mL THF was added and allowed to stir for 2 hours at -78 oC. The ice 

bath was removed and the reaction mixture was allowed to stir for 30 minutes. The 

reaction mixture was quenched with 1M HCl (20 mL), and the organic phase was 

extracted with chloroform (2 x 50 mL). The organic phase was washed three times with 

saturated sodium bicarbonate. The organic phase was separated, dried over sodium 

sulfate, and concentrated under reduced pressure. Purification by flash column 

chromatography (silica gel, hexanes:EtOAc, gradient 100:0 to 90:10) afforded [3-(t-

butyldimethylsilyl)oxyphenyl]-(3-bromophenyl)methanone (1.518 g, 3.879 mmol, 55% 

yield). 1H NMR (500 MHz, CDCl3) 7.93 (m, 1H), 7.71-7.72 (m, 2H), 7.34-7.38 (m, 3H), 

7.24 (m, 1H), 7.07-7.10 (m, 1H), 0.99 (s, 9H), 0.22 (s, 6H). 
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[[3-(t-Butyldimethylsilyl)oxyphenyl]-(3-bromophenyl)-ketone] thiosemicarbazone (7) 
 

The benzophenone (1.518 g, 3.879 mmol) was dissolved in anhydrous methanol 

(20 mL), followed by the addition of p-toluenesulfonic acid (0.015 g, 0.078 mmol) and 

thiosemicarbazide (0.76 g, 7.8 mmol).  The reaction mixture was heated to reflux and 

stirred under an inert atmosphere of nitrogen for 9 h.  After reaction completion, 

methanol was removed under reduced pressure. Products were extracted into EtOAc (2 x 

100 mL) from 100 mL of water. The combined organic phases were washed with brine, 

dried over anhydrous Na2SO4, and concentrated under reduced pressure. Purification by 

flash column chromatography (silica gel, hexanes:EtOAc, gradient 90:10 to 40:60) 

afforded [[3-(t-butyldimethylsilyl)oxyphenyl]-(3-bromophenyl)-ketone] 

thiosemicarbazone (1.685 g, 3.628 mmol, 96% yield) as a light yellow solid. 1H-NMR 

(DMSO, 500 MHz) δ 8.69 (brs, 1H, NH), 8.56 (brs, 1H, NH), 8.46 (brs, 1H, NH), 8.04 (s, 

1H, ArH), 7.54-7.61 (m, 2H, ArH), 7.47-7.49 (m, 1H, ArH), 7.31-7.34 (m, 1H, ArH), 

7.10-7.12 (m, 1H, ArH), 6.93-6.95 (m, 1H, ArH), 6.81-6.82 (m, 1H, ArH), 0.96 (s, 9H, 

C(CH3)3), 0.22 (s, 6H, Si(CH3)2). 

 
[(3-Bromophenyl)-(3-hydroxyphenyl)-ketone] thiosemicarbazone (8) 

 
The silyl ether (1.764 g, 3.798 mmol) was dissolved in of tetrahydrofuran (30 mL) 

and tetrabutylammonium fluoride trihydrate (2.396 g, 7.595 mmol) was added.  The 

reaction mixture was stirred at room temperature under an inert atmosphere of nitrogen 

gas for 1.5 hrs.  After reaction completion, the reaction mixture was diluted with ethyl 

acetate and washed with brine. The combined organic phases were washed with brine, 
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dried over anhydrous Na2SO4, and concentrated under reduced pressure. Purification by 

flash column chromatography (silica gel, hexanes:EtOAc, gradient 90:10 to 20:80) 

afforded [(3-bromophenyl)-(3-hydroxyphenyl)-ketone] thiosemicarbazone (1.070 g, 

3.055 mmol, 80 % yield) as a light yellow solid. 1H-NMR (DMSO, 500 MHz) δ 9.98 

(1H, s, OH), 8.68 (1H, brs, NH), 8.55 (1H, brs, NH), 8.41 (1H, brs, NH), 8.08 (1H, s, 

ArH), 7.57-7.60 (1H, m, ArH), 7.43-7.48 (2H, m, ArH), 7.31 (1H, t, J = 7.8 Hz ArH), 

6.98-7.00 (1H, m, ArH), 6.71-6.73 (1H, m, ArH), 6.51-6.60 (1H, m, ArH); HPLC 

retention time 12.078 min. 

 
(1E, 4E)-1,5-Bis-(3-bromophenyl)penta-1,4-dien-3-one (16) 

 
Ethanol (20 ml) and a solution of NaOH (4g) in water (30 mL) were mixed in a 

flask at 0 oC. A solution of 3-bromobenzaldehyde (190 µL, 16 mmol) and acetone (60 

µL, 8 mmol) was added dropwise. The mixture was allowed to return to room 

temperature. After 2.25h, the precipitate was collected and washed with water (30 mL) 

twice. The product was filtered and recrystallized from EtOAc and methanol, yielding 

(1E, 4E)-1,5-bis-(3-bromophenyl)penta-1,4-dien-3-one (1.436 g,  3.660 mmol, 46% 

yield). 1H NMR (500 MHz, CDCl3) δ 7.77 (s, 2H), 7.64-7.67 (d, 2H, J = 16.14 Hz), 7.51-

7.54 (t, 4H, J = 7.8 Hz), 7.28-7.31 (t, 2H, J = 7.8 Hz), 7.03-7.06 (d, 2H, J = 16.14 Hz. 13C 

NMR (125 MHz, CDCl3) δ 188.1, 141.9, 136.8, 133.3, 130.9, 130.5, 127.2, 126.4, 123.1. 

 
(1E,4E)-1,5-Bis-(3-chlorophenyl)penta-1,4-dien-3-one (17) 

 
Ethanol (20 mL) and a solution of NaOH (4 g) in water (30 mL) were mixed at    

0 oC. A solution of 3-chlorobenzaldehyde (1.8 mL, 16 mmol) and acetone (0.6 mL, 8 
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mmol) was added dropwise. The reaction mixture was allowed to return to room 

temperature. After 2h, the precipitate was filtered and washed with water (30 mL) twice. 

The product was then recrystallized from EtOAc to yield (1E,4E)-1,5-bis-(3-

chlorophenyl)penta-1,4-dien-3-one (967 mg, 3.19 mmol, 40%). 1H NMR (CDCl3, 500 

MHz) δ 7.65-7.62 (d, 2H, J = 16.14 Hz), 7.61 (s, 2H), 7.47-7.49 (m, 2H), 7.34-7.40 (m, 

4H), 7.04-7.07 (d, 2H, J = 16.14). 13C NMR (CDCl3, 125 MHz) δ 188.2, 142.0, 136.5, 

135.0, 130.4, 130.2, 128.0, 126.7, 126.4. 

 
(3-Bromophenyl)-(3-bromophenyl)-ketone (10) 

 
1,3 Dibromobenzene (2.348 g, 9.953 mmol) was dissolved in THF (15 mL) and 

stirred for 5 min. The mixture was cooled to -78o C and stirred for 10 min, followed by 

dropwise addition of n-butyllithium (1.20 ml). The reaction mixture was stirred under 

inert nitrogen for 1 h. The Weinreb amide (1.215 g, 4.978 mmol) was dissolved in THF 

(15 mL) and was added dropwise to the reaction mixture at -78o C. The mixture was 

stirred for 1 h, and then allowed to return to room temperature. It was quenched with 1M 

HCl (40 mL), extracted twice with CH2Cl2 (40 mL), washed twice with saturated 

NaHCO3, and dried over Na2SO4. The remaining solvent was then evaporated, leaving 

(3-bromophenyl)-(3-bromophenyl)-ketone (368 mg, 1.08 mmol, 21.7%). 1H NMR 

(CDCl3, 500 MHz) δ 7.93 (s, 2H), 7.75-7.73 (m, 2H), 7.69-7.68 (d, 2H, J = 7.82), 7.40-

7.36 (t, 2H, J = 7.82).  13C NMR (CDCl3, 125 MHz) δ 193.6, 138.8, 135.7, 132.7, 130.0, 

128.5, 122.8. 
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[(3-Bromophenyl)-(3-bromophenyl)-ketone] thiosemicarbazone (11) 
 

(3-Bromophenyl)-(3-bromophenyl)-ketone (105.4 mg, 0.310 mmol) was 

dissolved in THF (10 mL), PTSA (1.08 mg) was added, and the mixture was heated at 

reflux. Thiosemicarbazide (51.01 mg, 0.560 mmol) was added and stirred for 12 h under 

inert nitrogen. The reaction mixture was extracted from water twice with ethyl acetate. 

The organic phase was washed with brine, dried over Na2SO4, and the solvent was 

evaporated, leaving [(3-bromophenyl)-(3-bromophenyl)-ketone] thiosemicarbazone (49.8 

mg, 0.121 mmol, 41%). 1H NMR (DMSO, 500 MHz) δ 8.95 (s, 1H), 8.64 (s, 1H), 8.53 (s, 

1H), 8.08 (s, 1H), 7.82-7.80 (m, 1H), 7.62-7.57 (m, 3H), 7.37-7.34 (m, 2H) 7.32-7.30 (t, 

1H, J = 7.33). 13C NMR (DMSO, 125 MHz) δ 178.8, 146.1, 139.0, 133.9, 133.4, 132.8, 

132.3, 131.6, 130.9, 129.7, 128.1, 127.4, 123.4, 122.7; HPLC retention time 9.411 min. 

 
(1E, 4E)-1,5-Bis-(3-hydroxyphenyl)penta-1,4-dien-3-one (18) 

 

3-Hydroxybenzaldehyde (2.442 g, 20.00 mmol) and acetone (0.73 mL, 10 mmol) 

were dissolved in ethanol (15 mL) and cooled to 0o C. A solution (10 mL) of NaOH (4g) 

in water was added dropwise over several minutes. The mixture was allowed to stir under 

inert N2 at room temperature for 1 h. The reaction mixture was neutralized with 3M HCl 

and filtered yielding (1E, 4E)-1,5-bis-(3-hydroxyphenyl)penta-1,4-dien-3-one (826 mg, 

3.10 mmol, 31%). 1H NMR (acetone, 500 MHz) δ 8.58 (s, 2H), 7.74-7.71 (d, 2H, J = 

16.14), 7.30-7.21 (m, 8H), 6.94-6.92 (m, 2H). 13C NMR (acetone, 125 MHz) δ 205.5, 

188.1, 157.8, 142.7, 136.6, 130.0, 125.6, 120.0, 117.5, 114.7. 
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1,5-Bis-(3-hydroxyphenyl)-3-pentanone (21) 
 

The dibenzylideneacetone (399.4 mg, 1.500 mmol), 1,4-cyclohexadiene (1.4 mL, 

15 mmol) and 10% palladium on carbon (79 mg, 0.075 mmol) were dissolved in ethanol 

(18 mL). The reaction mixture was heated to 100o C for 20 min in a microwave reactor. 

The product was then filtered and concentrated to yield 1,5-bis-(3-hydroxyphenyl)-3-

pentanone (237.5 mg, 0.879 mmol, 59%). 1H NMR (acetone, 500 MHz) δ 8.14 (s, 2H), 

7.09-7.06 (t, 2H, J = 7.83), 6.69-6.64 (m, 6H), 2.78-2.72 (m, 9H). 13C NMR (acetone, 

125 MHz) δ 208.0, 205.3, 157.4, 143.1, 129.3, 119.3, 115.2, 112.8, 43.7. 

 
[1,5-Bis-(3-hydroxyphenyl)-3-pentanone] thiosemicarbazone (24) 

 
The ketone and PTSA were dissolved in anhydrous THF and heated to reflux. 

Thiosemicarbazide was then added. The mixture was allowed to reflux under inert N2 for 

11 h. It was then extracted with CH2Cl2 and washed twice with water. A portion was not 

soluble in CH2Cl2 or water so it was extracted with ethyl acetate. The two organic phases 

were combined and concentrated, leaving [1,5-bis-(3-hydroxyphenyl)-3-pentanone] 

thiosemicarbazone (172 mg, 0.501 mmol, 88%). 1H NMR (DMSO, 500 MHz) δ 10.25 (s, 

1H), 9.24 (s, 1H), 9.20 (s, 1H), 8.05 (brs, 1H, NH), 7.45 (brs, 1H, NH), 7.08-7.01 (m, 

2H), 6.68-6.67 (m, 2H), 6.61-6.55 (m, 4H), 2.74-2.71 (m, 2H), 2.67-2.61 (m, 4H), 2.46-

2.43 (m, 2H). 13C NMR (DMSO, 125 MHz) δ 179.1, 157.7, 156.0, 143.5, 142.7, 129.6, 

129.5, 119.4, 119.3, 115.7, 115.6, 113.4, 113.1, 38.1, 32.0, 31.6, 31.0. 
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[1,3-Diphenyl-2-propanone] thiosemicarbazone (27) 
 

1,3-Diphenyl-2-propanone was dissolved in anhydrous THF followed by the 

addition of PTSA. The reaction mixture was heated to reflux and thiosemicarbazide was 

added. After refluxing for 24 h, the mixture was extracted with CH2Cl2 and washed three 

times with brine. It was dried over Na2SO4 and concentrated to yield [1,3-diphenyl-2-

propanone] thiosemicarbazone (577 mg, 2.03 mmol, 85%). 1H NMR (acetone, 500 MHz) 

δ 7.66 (brs, 1H, NH), 7.42 (brs, 1H, NH), 7.33-7.30 (m, 4H), 7.27-7.23 (m, 4H), 7.17-

7.16 (m, 2H), 3.82 (s, 2H), 3.60 (s, 2H). 13C NMR (acetone, 125 MHz) δ 180.3, 151.8, 

137.0, 135.3, 129.2, 128.8, 128.7, 128.4, 126.8, 126.7, 43.0, 34.4; HPLC retention time 

5.968 min. 
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CHAPTER FOUR 

Conclusions 

 
 Five thiosemicarbazone analogues were the synthetic targets of the present study. 

Two of these were benzophenone-based compounds that had previously been synthesized 

by the Pinney Group, and were prepared as reference compounds. Additionally, the 

precursor ketone of KGP68 was prepared for future condensation with 

selenosemicarbazone, which could provide a basis for further study on selenium 

compounds and their potential to function as anti-metastatic agents. 

The other three target molecules were symmetrical 1,5-diaryl-3-pentanone 

derivatives. While their activity against cathepsin L was not as potent as had been 

anticipated, they provide valuable information that should prove useful in the design of 

target compounds for future studies. Ultimately, a potent, symmetrical thiosemicarbazone 

based inhibitor of cathepsin L with a relatively simple synthetic route would be 

potentially beneficial in the treatment of metastatic cancer. 
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1H NMR spectrum for 8 
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1H NMR spectrum for 11 
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13C NMR spectrum for 11 
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1H NMR spectrum for 24 
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13C NMR spectrum for 24 
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1H NMR spectrum for 27 
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13C NMR spectrum for 27 
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HPLC trace for 11 



 

33 

HPLC trace for 8 
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