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ABSTRACT 
Among various options to treat cancers, targeting the signalling pathways that are differentially 

expressed in specific cancer cells has developed as a promising approach. Whilst huge benefits 

of targeted therapies have been obtained with less severe side effects and higher survival rates 

than past experiences with traditional cytotoxic chemotherapy, the application of selective 

targeting is hindered and in part determined by the knowledge of the molecular biology of each 

cancer. Cancers are so diverse in nature expressing distinctive signalling pathways or 

components, whose biological elucidation is challenging but invaluable to the development of 

cancer treatment. In this respect, the Hedgehog Signalling Pathway (HSP) has become as an 

attractive target in a number of human cancers thanks to its unique mechanism of activity. 

The HSP plays a pivotal role in the spatial and temporal regulation of cell proliferation and 

differentiation. Conversely aberrant Hh signalling is involved in Gorlin syndrome, basal cell 

carcinoma (the most common cancer in the world), and more than one third of all human 

medulloblastoma cases. In all of these cases, it is believed that deregulated Hh signalling leads 

to increased cell proliferation and tumour formation. Inhibition of the Hedgehog Signalling 

Pathway, is a recently validated anti-cancer drug target, with vismodegib (GDC-0449, 

Erivedge®) and sonidegib (LDE225, Odomzo®), approved by the U.S. Food and Drug 

Administration for treatment of early and advanced basal cell carcinomas.  

We developed three new scaffolds of small molecule inhibitors of the HSP. The first scaffold 

consisted of 11 quinolone-2-(1H)-ones developed from a sequential Ugi-Knoevenagel reaction 

pathway (Chapter 3). These analogues not only express their anti-hedgehog activity through the 

significant inhibition of Gli2 at both gene and protein expression in SAG-activated Shh LIGHT 

2 cells at 10 and 25 µM, respectively, but are able to suppress a panel of nine human HSP 

expressing cancer cells (GI50 from 2.9 to 18.0 µM). Whilst the exact mechanism remains to be 

determined, it is probable the inhibition observed is occurring downstream of Smo, due to its 

activity in the presence of SAG, a potent Smo activator. 

Subsequent second and third generation analogues were developed on the quinolone-2-(1H)-one 

pharmacophore, which highlighted the importance of a C3-tethered indole moiety. These new 

scaffolds were built on tryptophan (9 analogues, Chapter 4) and benzo[1,3]dioxol-5-ylmethyl-

[2-(1H-indol-3-yl)-ethyl]-amine derivatives  (11 analogues, Chapter 4) displaying superior  

inhibitory activity against Gli protein expression with the best inhibitors displaying 

submicromolar IC50 (Chapter 4). Noteworthy, active compounds from the second and third 

libraries displayed inhibitory activity downstream of Smo, which circumvents the resistance 

issues experienced by the Smo inhibitors currently in use.  
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We discovered the fourth library of 1,3-thiazine-6-phenylimino-5-carboxylates in a 

multicomponent one pot synthesis (12 analogues, Chapter 5). These analogues display structural 

similarities to HPI-1, a non-selective Gli inhibitor, and thus may present themselves as HSP 

inhibitors. Current biological evaluation is going on to investigate their anti-hedgehog 

properties. 

Additionally, using flow technique we have synthesised the potent Smo inhibitor LDE-225, as 

well as a number of aldehydes containing the furan-based biaryl motif (Chapter 2). This motif is 

available in biological active compounds, including the HSP inhibitors, and thus presents an 

opportunity to develop new scaffolds of HSP inhibitors. 
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I. CHAPTER ONE: Literature review 
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1.1. Introduction  

Since its discovery in the fruit fly (Drosophila melanogaster) in 1980, the development of 

Hedgehog Signalling Pathway (HSP) inhibitors has been the focus of significant research as a 

potential treatment for human cancers 1. Under homeostatic conditions, the HSP is crucial to 

embryogenesis, where it controls the spatial and temporal regulation of cell proliferation, 

differentiation, and tissue patterning 2, 3. However, abnormal activation of this pathway results in 

the formation of cancer stem cells 4, 5, and subsequently the development of a variety of human 

cancers, including basal cell carcinoma,6 medulloblastoma 7-9, cancers of the pancreas 10,  

prostate 11, lung 12, 13, colon 14, stomach 15, breast 16, 17,  and ovary 18 4, 5. Consequently, targeting 

the HSP has become an attractive approach for the treatment of cancer, leading to a great 

number of HSP inhibitors being developed in recent years 19. 

Our review on the HSP is included in the following paper. In this paper, we described the 

development of various classes of HSP inhibitors, their limitations and highlighted Gli 

transcription factors as the desired target to develop next generation of inhibitors. In addition, 

current advances regarding recent development in HSP inhibitors are updated. 
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1.2. Updates on recent development of HSP’s inhibitors 
1.2.1 Smo inhibitors 
Since 2014, a number of additional Smo inhibitors have been reported. Further derivatives from 

the benzimdidazole scaffold, represented by (3), were identified as Smo inhibitors though the 

potency was not disclosed 20. Most recently, a series of piperidinyl pyridazine derivatives were 

prepared as potent Smo inhibitors displaying low nanomolar potency in inhibiting Gli signalling 

in  NIH3T3 (Mouse Embryo Fibroblast) cell line as illustrated by (4) 21. In another area, more 

derivatives based on vitamin D3 scaffold have been reported, with (5) displaying low 

micromolar inhibition over Smo in HEK293T (Human Embryonic Kidney 293) cells  at a 

different binding site from those of Cyclopamine or vismodegib (Erivedge®) 22-24 (Figure 1). 

 

N

N

H
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HN O
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CF3
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N N
N
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F3C

4 (IC50 = 0.4 nM)

HO

O O
H

5 (IC50 = 0.74 ± 0.1 µM)  
Figure 1. Structures of benzimidazole (3), piperidinyl pyridazine (4) and vitamin D3 (5) derivatives as 

Smo inhibitors. 

 

1.2.2. Inhibitors targeting Gli transcription factors 
As a more robust and complete inhibition of the HSP 19, Gli inhibition has attracted greater 

attention, with an increased number of Gli inhibitors developed. Interestingly, besides the direct 

targeting on Gli, a number of indirect strategies to inhibit Gli signalling have been developed. 

These include the modulation of interacting signalling pathways/proteins that tightly regulate 

the HSP to suppress Gli expression. 

1.2.2.1. Direct Gli inhibitors   

As outlined in our review, a number of Gli inhibitors originated from natural sources. Recently, 

Glabrescione B (6) 25 (Figure 2), an isoflavone naturally occurring in Derris glabrescens, is 

purported to directly bind to Gli1 and inhibiting the Gli1-DNA complex in Smo −/− MEF (Smo 

deficient Mouse Embryonic Fibroblast) cells. Promisingly, Glabrescione B effectively inhibited 

several tumours, in vivo, including Gli-dependent allograft of spontaneous MBs from Ptch +/− 
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mice, orthotopic xenograft of Daoy MB cells at 35 mg/kg; and allograft of ASZ001 BCC cells 

at 50 mg/kg 25. 

In other studies, lead compounds from Artocarpus communis (7) 26, Hyptis suaveolens (8) 26, 

Withania somnifera (9) 27, and Crinum asiaticum (10) 28 (Figure 2) displayed low micromolar 

activity from 0.5 µM to 14.6 µM inhibiting exogenous Gli1 mediated transcription activity in 

tetracycline controlled HaCaT cells. These compounds were selectively cytotoxic against HSP 

expressing human pancreatic (PANC1) and prostate (DU145) cancer cells, while showing lower 

levels of activity against C3H10T1/2, a normal cell line in which Hh signalling is active but 

does not contribute to abnormal cell survival. Furthermore, using the electron mobility shift 

assay (EMSA) 27, compound (9) was found to disrupt the Gli-DNA interaction at 100 µM 

(Figure 2). 

O

OOH
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7, IC50 = 14.6  µM

O

O

O O

8, IC50 = 4 µM

O
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9, IC50 = 0.5 µM
Withaferin

N

O

O
H

O

OH

10, IC50 = 4.7  µM

O

O

O

O

O

O

6, IC50 = 12 µM
Glabrescione B

 
Figure 2. Structures of natural products that target Gli transcription factors. 

1.2.2.2. Indirect Gli inhibitors 

a. Activators of the mitogen-activated protein kinase (MAPK) pathway 

The activation of GPCR GPR39 receptor by a number of cyclohexyl-methyl aminopyrimidines 

(CMAPs), represented by 11, triggered activation of the MAPK pathway and led to the 

suppression of Gli signalling. Evidence showed that 11 displayed low nanomolar potency in 

inhibiting Gli luciferase reporter in TM3 cells treated with 1 nM and 25 nM of Smo agonist 

Ag1.5, respectively 29, 30 (Figure 3).  
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Figure 3. Structures of CMAPs, represented by 11. 

 

b. Activators of Protein Kinase A (PKA) and Cyclin-suppressing kinase 1 (CSK1α) 

As previously outlined in our published review, PKA and CSK1α negatively regulate the HSP 

downstream of Smo by phosphorylating GLI2,3 leading to their proteosomal cleavage, and 

subsequent inhibition of Gli signalling 31. In this respect, several activators of the PKA and/or 

CSK1α have been identified as indirect inhibitors of Gli signalling, including eggmanone (12) 

and imiquimod (13) targeting PKA32, 33 and pyrvinium (14) acting on CSK1α 34, 35 (Figure 4).  
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Pyrvinium

 
Figure 4. Structures of PKA activators eggmanone (12), imiquimod (13), and CSK1α activator 

pyrvinium (14) 

Eggmanone (12) at 10 µM effectively inhibited transcription levels of Gli1 and Ptch1 in Sufu−/− 

mouse embryonic fibroblasts (MEFs), demonstrating activity independently of Smo. Further 

investigation demonstrated that eggmanone (12) selectively antagonised phosphodiesterase 4 

(PDE4), leading to PKA activation and subsequent Gli signalling blockade. 

Imiquimod (13) was initially developed as an immune stimulating product, topically used in the 

treatment of small superficial basal cell carcinomas (BCCs) 36, 37. Subsequent investigation 

demonstrated imiquimod (13) induced phosphorylation of Gli into repressor forms by binding to 

andenosine receptors, thereby activating PKA.38  This interaction resulted in the downregulation 

of Gli1 mRNA and protein levels in murine BCC cells and Hh-responsive human cancer cells 33. 

Moreover, pyrvinium (14), originally developed as an anti-pinworm drug, has recently been 

linked as a potent and selective stimulator of the CSK1α 35. This finding suggested an anti-HSP 

property which was confirmed in vitro by the significant inhibition of Gli signalling in Shh-

LIGHT 2 cells (IC50 = 10 nM), and in vivo through attenuating the growth of the allograft of 

spontaneous MBs from Ptch+/− mice at 0.8 mg/kg 35. 
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c. Epigenetic inhibitors 

Gli signalling can also be constrained by influencing several epigenetic enzymes which play a 

crucial role in the gene expression.  One such enzyme is the bromodomain-containing protein 4 

(BRD4), functioning as an enhancer of the HSP through direct occupation of the Gli1,2 promoter 
39. Consequently inhibition of BRD4 by JQ1 (15) 39 and I-BET151 (16) 40 significantly 

suppressed Gli signalling independently of Smo at nanomolar potency (Figure 5).  
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Figure 5. Structures of epigenetic inhibitors (15−17). 

 

Another epigenetic target are the Histone Deacetylase (HDACs) enzymes. Under HDACs’ 

influence, Gli1,2 are deacetylated into active forms capable of initiating Gli signalling 41, 42. 

Accordingly, inhibitors of HDACs, such as ACY-1215 (17) 43, can act as HSP antagonists by 

inducing the hyperacetylation of Gli1,2 leading to the blockage of Gli transcriptional activity 44-

46. Interestingly, ACY-1215 effectively reduced tumour growth in an allograft of primary 

SmoA1 MB cells (MB99-1 cells) at 50 mg/kg making it a promising lead in the treatment of Hh 

related cancers 43, 47 (Figure 5). 

1.3. Conclusions and project aims 
The detailed exploration of the HSP has afforded an array of molecular targets for 

chemotherapeutic interventions. The number of strategies to inhibit Gli signalling continues to 

expand both directly within the HSP’s components and beyond through interacting signalling 

pathways and related protein modulators. In this aspect, a good source of lead compounds with 

differential mechanisms of activity have been produced and their clinical trials are ongoing.  

Despite being the largest and most advanced class of analogues, Smo inhibitors face several 

limitations, which prompted the need to develop next generations of inhibitors targeting 

mechanisms downstream of Smo. Current approaches include direct inhibition of Gli, or 

activation of negative regulators of hedgehog signalling such as PKA and CSK1α, or the 

inhibition of relating epigenetic enzymes.  
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Hence the key aims of this research are to: 

1. Develop new scaffolds of small molecules sharing core structural similarities with reported 

HSP inhibitors. 

2. Investigate these scaffolds’ biological activity using broad cytotoxicity testing (MTT assay), 

as well as specific investigations on their activity against Gli gene (qPCR assay) and protein 

expression (Gli−Luciferase assay) within the HSP. 

3. Investigate on the possibility that these scaffolds inhibit the HSP downstream of Smo via the 

Gli−luciferase assay. 

4. Make use of flow chemistry to generate libraries of potential scaffolds for subsequent 

biological screening. 
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II. CHAPTER TWO  

Flow synthesis towards current HSP inhibitors 
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2.1. Introduction 
In our previous review of the current HSP inhibitors, the Smo inhibitor NVP-LDE225 

(Sonidegib) was among the most potent exhibiting the low nanomolar activity 1. After passing 

all clinical requirements, NVP-LDE225 has recently been approved for the treatment of 

advanced basal cell carcinoma under the name Odomzo® 2 (Figure 1, compound 1). Hence, we 

proposed that NVP-LDE225 would suit as an ideal control compound for our hedgehog 

project’s development. In addition, we were interested in the furan-based biaryl motifs (Figure 

1, structure 2) that are available in a number of compounds expressing inhibitory activity 

against the HSP 3, 4. 

OCF3

NH

O

N

N O

1

O R

2  
Figure 1. Structures of NVP-LDE225 (1, Odomzo®) and the furanyl biaryl motif (2). 

 

Subsequently, we initiated our hedgehog research by establishing the synthesis protocol to 

afford NVP-LDE225, and the furan-based biaryl motifs. The synthesis of both requires a C − C 

coupling step, which typically involves the use of Pd-based catalysts in Suzuki-coupling 

conditions. While the traditional batch synthesis affords from good to excellent yields, a 

common issue relating to the leaching of Pd impurities into the final products poses as a major 

concern, particularly in the pharmaceutical industry 5-9. Therefore, we aimed at using flow 

techniques to address this question.  

The huge advantages of flow vs batch synthesis have been widely reported. These include 

controlled reaction parameters such as temperature, pressure, and flow rate, as well as creating 

safer environment for operators in dealing with toxic or hazardous reagents 10, 11. In addition, 

one added value of the flow techniques is the potential to minimize the level of catalyst 

impurities in the final products thanks to the use of immobilised solid supported catalysts. 

Subsequently, we developed a flow chemistry methodology using a range of solid supported 

precursors to L2Pd(0) catalysts, known as FibreCats® 5-9 on our flow system ThalesNano X-

Cube™ to successfully synthesize NVP-LDE225 and the furan-based biaryl derivatives with 

negligible level of Pd leaching. The details of our flow approach are included in the following 

paper, with the supporting information provided in the Appendix to Chapter 2 (please see 

Chapter 8, page 144).  
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III. CHAPTER THREE  

Quinolone-1-(2H)-ones as Hedgehog Signalling 
Pathway Inhibitors 
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3.1. Introduction  
In relation to the key project aim of developing scaffolds with inhibitory activity beyond Smo,  

we turned our attention to the previously reported Gli inhibitor  HPI-4 (1) 1.  Considered as a 

non-selective inhibitor of the Gli family of transcription factors,  HPI-4 contained a number of 

structural features present within a family of quinolone-1-(2H)-ones previously described from 

our laboratories (exemplified by 2; Figure 1) 2. Hence the initial phase of the project focused on 

this scaffold in a bid to determine whether it posed as a potential lead compound. 

NHHN

O

NC

O Cl

Cl
N

NH

O

O

NC

1
HPI-4

2

N

 
Figure 1. N-(sec-butyl)-2-(3-cyano-2-oxo-4-phenylquinolin-1-(2H)-yl)-2-(1-methyl-1H-indol-3-
yl)acetamide (2) from our laboratory with the bolded structure sections reflecting the structural 
similarities with the Gli inhibitor HPI-4 (1). 
 

To assess the potential of the quinolone-1-(2H)-one scaffold as HSP inhibitors, we developed a 

multi-screen pathway which included a broad cytotoxicity testing (MTT assay) to more specific 

assays (Gli-luciferase and qPCR assays). This combined screening resulted in three active 

compounds capable of inhibiting Ptch1 and Gli2 gene expression and subsequent inhibition of 

the Gli protein expression in Shh LIGHT 2 cell line. Moreover, these analogues demonstrated 

good cytotoxicity against a panel of nine human HSP expressing cancer cell lines.  The results 

of this combined screening are included in the following paper, with the supporting information 

provided in the Appendix to Chapter 3 (please see Chapter 8, page 188). 

  



63 
 

 

 

 

 

 



64 
 

 

 

 



65 
 

 

 



66 
 

 

 

 



67 
 

 

 

 

 



68 
 

 

 

 

 



69 
 

 

 

 

 



70 
 



71 
 

 

 

 

 

 



72 
 

 

  



73 
 

 

  



74 
 

  



75 
 

 

3.2. References 
 

1. J. M. Hyman, A. J. Firestone, V. M. Heine, Y. Zhao, C. A. Ocasio, K. Han, M. Sun, P. 

G. Rack, S. Sinha, J. J. Wu, D. E. Solow-Cordero, J. Jiang, D. H. Rowitch and J. K. 

Chen, Proceedings of the National Academy of Sciences USA, 2009, 106, 14132-14137. 

2. C. P. Gordon, K. A. Young, L. Hizartzidis, F. M. Deane and A. McCluskey, Organic & 

Biomolecular Chemistry, 2011, 9, 1419. 

 

 

 

 

 

 

  



76 
 

IV. CHAPTER FOUR 

Next generation inhibitors of the HSP: Targeting the 
Gli transcription factors 
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4.1. Introduction 

In Chapter 3, we identified several small molecule inhibitors of the HSP based on the 

quinolone-1-(2H)-one scaffold (Figure 1).  Displaying cytotoxicity against a number of human 

cancer cell lines expressing the HSP (Chapter 3, Table 1, page 57), these compounds 

demonstrated their anti-hedgehog properties through inhibiting Gli protein (Chapter 3, Figure 4, 

page 60) and gene expression (Chapter 3, Figure 5, page 60) in SAG-activated Shh LIGHT 2 

cell line.   

N

NC O
N

NH

O

N

NC O

H
N

NH
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1 2 3

* * *

 
Figure 1. Quinolone-1-(2H)-ones 1-3 exhibit inhibitory activity against the HSP with the percent 
inhibition of GLI protein expression in SAG-activated Shh LIGHT 2 cell line -55%, -54%, and -
31%, respectively (Chapter 3, Table 5, page 60).   
 

It is uncertain whether these compounds directly target Smo or act downstream of the protein, as 

evidence indicates Smo may have multiple binding sites 1. Whilst these analogues presented as 

promising lead compounds, an obvious limitation is that the reaction sequence affords a 

diastereomeric or  racemic mixture 2. However, the SAR from this initial series pointed to a 

requirement of an indole tethered at C3 to produce cytotoxicity (Chapter 3, page 59). Therefore, 

we believed that utilisation of tryptophan moieties may provide a means of accessing 

enantiopure analogues. To this end, a series of compounds generated from L-tryptophan were 

proposed (i.e. compound 4, Figure 2). Further a series based on the benzo[1,3]dioxol-5-

ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine scaffold, which lack a stereocentre  (i.e. compound 5, 

Figure 2) were also earmarked for synthesis. Both scaffolds possess a C3-tethered indole ring 

with controlled stereochemistry and can be easily modified to adopt the Ugi-Knoevenagel 

pharmacophore’s features as shown in Figure 2.  
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Figure 2. New scaffolds (represented by compounds 4 and 5) were developed from the Ugi-
Knoevenagel pharmacophore (compound 3). Highlighted in blue structures present the structural 
similarities including the C3-tethered indole ring as the foundation for the subsequent development. 
 

The inhibitory activity of these scaffolds is reported in the following publication submitted to 
Organic and Biomolecular Chemistry in October 2016. The supporting information is provided 
in the Appendix to Chapter 2 (please see Chapter 8, page 280). 
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V. CHAPTER FIVE 

Discovery of the 1,3-thiazine-6-phenylimino-5-
carboxylate analogues 
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5.1. Introduction 
In our screening program for potential small molecule inhibitors of the HSP, we discovered a 

series of 12 1,3-thiazine-6-phenylimino-5-carboxylate analogues, represented by 1, which 

displays core structural similarities to HPI-1 (2) 1, a non-selective inhibitor of the HSP (Figure 

1).  

N
H

O

O

OH

O
O

ON

S

N

O

O

2
HPI -11  

Figure 1. Structural similarities of 1,3-thiazine-6-phenylimino-5-carboxylate analogues, represented 

by 1, with HPI-1 (2) 

 

Mechanistically, HPI-1 (2) is supposed to inhibit the whole ciliary process and thus leads to the 

inhibition of both exogenous and endogenous Gli signalling 1. Hence, these analogues may 

present as a new scaffold of inhibitors targeting the HSP downstream of Smo. This Chapter 

introduces how we discovered these 1,3-thiazine-6-phenylimino-5-carboxylates in a one pot 

synthesis. The discovery of this scaffold is included in the following paper. The supporting 

information is included as Appendix to Chapter 5 (please see Chapter 8, page 443).  

The biological evaluation of these analogues is going on and results will be reported in due 

course. 
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Starting from the Gli inhibitor HPI-4 1, we have subsequently developed three new scaffolds of 

small molecule inhibitors of the HSP. Additionally we developed and optimised a multiscreen 

pathway to identify HSP inhibitors. However this still remains a significant bottleneck to project 

development. These included preliminary (MTT assays) to specific testings (DLR and qPCR 

assays). An example is the Gli-luciferase assay, which needs approximately 6−7 days to finish 

starting from cell culturing, assay running, to data processing. Despite this fact, the outcomes 

are promising with all three types of analogues active against the HSP, and our best Gli 

inhibitors displaying IC50 in the sub-micromolar range (Chapter 4, compounds 27 and 28).    

The first scaffold examination consisted of 11 quinolone-2-(1H)-ones developed from the Ugi-

Knoevenagel reaction (Chapter 3). These analogues not only express their anti-hedgehog 

activity through the significant inhibition of Gli2 at both gene and protein expression in SAG-

activated Shh LIGHT 2 cells at 10 and 25 µM, respectively, but are able to suppress a panel of 

nine human HSP expressing cancer cells (GI50 from 2.9 to 18.0 µM). Whilst the exact 

mechanism remains to be determined, it is probable the inhibition observed is occurring 

downstream of Smo, due to its activity in the presence of SAG, a potent Smo activator. This 

scaffold, however, provides negligible control over stereochemistry and often results in 

significant formation of undesired 3-component adducts, which may limit the utility of the 

scaffold in further drug development.  

Consequently, the second and the third scaffolds of HSP inhibitors were developed on the 

quinolone-2-(1H)-one pharmacophore, which highlighted the importance of a C3-tethered 

indole moiety. These new scaffolds were built on tryptophan (9 analogues, Chapter 4) and 

benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine derivatives  (11 analogues, 

Chapter 4) displaying superior  inhibitory activity against Gli protein expression at low 

micromolar activity in comparison to the quinolone-2-(1H)-ones. In the tryptophan scaffold, the 

introduction of the chlorine atoms was preliminarily aimed at circumventing the poor solubility 

noted in quinolone-2-(1H)-ones. However, in the benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-

yl)-ethyl]-amine scaffold which displayed a promising solubility profile, the superior activity of 

the Cl-derivative vs the lead compound (Chapter 4, compounds 28 vs 20)  potentially suggested 

the influence of the chlorine substitution in the ligand-protein interactions 2.  

Noteworthy, active compounds from the second and third libraries displayed inhibitory activity 

downstream of Smo, which circumvents the resistance issues experienced by the Smo inhibitors 

currently in use. Regarding the chemical properties, the stereochemistry has been approached 

using pure D- or L-tryptophan derivatives, but further studies are required to classify the 

atropisomerism that occurred sporadically through a number of the benzo[1,3]dioxol-5-
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ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine derivatives, most likely due to the sterically hindered 

rotations 3.  

We subsequently discovered the fourth library of 1,3-thiazine-6-phenylimino-5-carboxylates (12 

analogues, Chapter 5), which displayed structural similarities to HPI-11. Current biological 

evaluation is going on to investigate their anti-hedgehog properties. Results will be reported in 

due course.  

In relation to improving analogue synthesis, we have developed a number of aldehydes 

containing the furan-based biaryl motif using a flow chemistry approach (Chapter 2). This motif 

is present in a number of biological active compounds, including the HSP inhibitors. Hence our 

future studies will focus on exploiting this motif by building up new scaffolds, in which the C3-

tethered indole moiety in the three scaffolds will be replaced by these furanyl-biaryl aldehydes 

using flow techniques, and investigating their activity within the HSP.  

Concurrently, in terms of further developing our current best hits, we will determine if the 

effects observed in the Shh LIGHT 2 mouse fibroblast cell line are consistent across human 

cancer cell lines expressing the HSP, in order to validate the potential of these compounds as 

drug candidates. 
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7.1. General chemistry 
All reagents were purchased from Sigma-Aldrich, Matrix Scientific, ABCR GmbH, ChemPep, 

or AK Scientific, and were used without purification. All solvents were re-distilled from glass 

prior to use. 

1H, 13C NMR, temperature variable, and 1D selective NOESY spectra were recorded on a 

Brüker Advance™ AMX 400 MHz spectrometer at 400.13 and 100.62 MHz, respectively. 

Chemical shifts (δ) are reported in parts per million (ppm) measured to relative the internal 

standards. Coupling constants (J) are expressed in hertz (Hz). Low resolution mass spectra were 

recorded on a Shimadzu LCMS 2010 EV using a mobile phase of 1 : 1 acetonitrile – H2O with 

0.1% formic acid. High resolution mass spectra (HRMS) were determined using nanoflow 

reversed phased Liquid Chromatography (Dionex Ultimate 3000 RSLCnano, Thermo Fischer 

Scientific) coupled directly to a High Resolution mode equipped, Q-Exactive Plus Hybrid 

Quadrupole-Orbitrap Mass Spectrometer (Thermo Fischer Scientific). This system was fitted 

with 5 µm C18 nanoViper trap column (100 µm x 2 cm, Acclaim PepMap100, Thermo) for 

desalting and pre-concentration, and separation was then performed at 300 nl/min over an 

EASY-Spray PepMap column (3 µm C18, 75 µm x 15 cm) utilising a gradient of 2-99% Buffer 

B (80% acetonitrile, 0.1% formic Acid) over 25 minutes. 

Analytical HPLC traces were obtained using a Shimadzu system possessing a SIL-20A auto-

sampler, dual LC-20AP pumps, CBM-20A bus module, CTO-20A column heater, and a SPD-

20A UV/vis detector. This system was fitted with an Alltima™ C18 5 µm 150 mm × 4.6 mm 

column with solvent A: 0.06% trifluoroacetic acid (TFA) in water and solvent B: 0.06% TFA in 

CH3CN–H2O (90 : 10). Chiral resolution was performed on the same system using 

ChiralPak®AD-H 5 µm 250 mm x 4.6 mm chiral column with solvent A: 100% methanol and B: 

100% acetonitrile. In normal resolution, HPLC traces were acquired at a flow rate of 2.0 mL 

min-1, gradient 10 –100 (%B), over 15.0 min, with detection at 220 nm and 254 nm. In chiral 

resolution, HPLC traces were acquired at a flow rate of 0.2 mL min-1, gradient 10 (%A) and 90 

(%B) over 85 min, with at 220 nm and 254 nm. Where applicable UPLC traces were obtained 

using the Agilent Technologies 1260 Infinity UPLC system. This system was fitted with an 

Agilent Zorbax SB-C18 1.8 µm, 2.1 x 50 mm, column with the solvent A: 0.1% formic acid in 

water and solvent B: 0.1% formic acid in CH3CN–H2O (90 : 10). In each case UPLC traces 

were acquired at a flow rate of 0.6 mL/min using an isocratic run at 80% or 50% solvent B. 

Melting points were recorded on a Büchi Melting Point M-565. IR spectra were recorded on a 

PerkinElmer Spectrum Two™ FTIR Spectrometer with the UATR (Universal Attenuated Total 

Reflectance) accessories. Thin layer chromatography (TLC) was performed on Merck 60 F254 
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pre-coated aluminium plates with a thickness of 0.2 mm. Column chromatography was 

performed under ‘flash’ conditions on Merck silica gel 60 (230–400 mesh). 

7.2. Biological investigations 
7.2.1. Cell culture and stock solutions 
Stock solutions were prepared as follows and stored at -20ºC: Related compounds were stored 

as 40 mM solutions in DMSO. All cell lines were cultured at 37ºC in an automated CO2 (5%) 

incubator (HERA cell 150, Thermo Scientific). 

HT29, SW480 (colon carcinomas), MCF-7 (breast carcinoma), A2780 (ovarian carcinoma), 

H460 (lung carcinoma), A431 (skin carcinoma), DU145 (prostate carcinoma), BEC-2 

(neuroblastoma), SJ-G2 (glioblastoma) and MIA (pancreatic carcinoma) cell lines were 

maintained in Dulbecco’s modified Eagle’s medium (Trace Biosciences, Australia) 

supplemented with 10% foetal bovine serum, 10 mM sodium bicarbonate, penicillin (100 

IU/mL), streptomycin (100 mg/mL), and glutamine (4 mM). 

TCAM-2 cell line (testis carcinoma) was maintained in Hyclone RPMI 1640 medium (GE 

Healthcare Life Sciences) supplemented with 10% foetal bovine serum (Gibco®), penicillin (100 

IU/mL) (Gibco®), streptomycin (100 mg/mL) (Gibco®) and glutamine (4 mM) (Gibco®). 

Shh LIGHT2 cell line (derived from NIH-3T3 fibroblast cell line) was maintained in Gibco® 

Dulbecco’s modified Eagle’s medium (Thermo Fisher Scientific) supplemented with 10% foetal 

bovine serum (FBS), glutamine (4 mM), Zeocin® (0.15 mg/mL, Invitrogen), Genetecin® (0.4 

mg/mL, Thermo Fisher Scientific). 

7.2.2. In vitro growth inhibition assay  
Protocol 1 (HT29, SW480, MCF-7, A2780, H460, DU145, BEC-2 and MIA cell lines) 

Cells in logarithmic growth were transferred to 96-well plates. Cytotoxicity was determined by 

plating cells in duplicate in 100 µL medium at a density of 2500-4000 cells/well. On day 0, (24 

h after plating) when the cells were in logarithmic growth, 100 µL medium with or without the 

test agent was added to each well. After 72 h drug exposure growth inhibitory effects were 

evaluated using the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide) assay 

and absorbance read at 540 nm. The percentage growth inhibition was determined at a fixed 

drug concentration of 25 µM. A value of 100% is indicative of total cell growth inhibition. 

Those analogues showing appreciable percentage growth inhibition underwent further dose 

response analysis allowing for the calculation of a GI50 value. This value is the drug 

concentration at which cell growth is 50% inhibited based on the difference between the optical 

density values on day 0 and those at the end of drug exposure. 
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Protocol 2 (TCAM-2 cell line) 

Cells in logarithmic growth were transferred to 96-well plates in triplicate at 2500 cells/well in 

200 µL media and cultured in the automated CO2 (5%) incubator. When the cells reach to about 

80% confluency, old media were removed and replaced with 100 µL fresh media containing 

testing agents (at 10 µM), as well as DMSO and 1% Triton X as controls. Cells were further 

incubated for another 72 h and were evaluated using the MTT assay with the absorbance at 550 

nm. The growth inhibition was calculated based on the differences in the optical densities 

between those treated by various agents (10 µM) and controls by DMSO and 1% Triton X 

treatments. Only those agents which expressed a growth inhibition greater than 60% were 

further subjected to full dose response evaluation (GI50 values). 

7.2.3. Dual Luciferase Reporter assay 
Shh-LIGHT2 cells in logarithmic growth were transferred to 96-well plate (3000 cells/well) and 

cultured to confluency. The Shh-LIGHT2 cells were grown in DMEM containing 0.5% FBS, 4 

mM glutamine, 0.15 mg/mL Zeocin®, 0.4 mg/mL Genetecin®, and then co-cultured with 

combinations of 100 nM SAG, and/or our novel compounds in concentrations from 2.5 to 10 

µM. The SAG- free DMSO treated (2.5 to 10 µM), and SAG-included Sonidegib (100 nM) 

treated cells were used as controls. Treatments were perforemed in triplicate. After the cells 

were cultured for a further 45 h in an automated CO2 (5%) incubator, the resulting firefly and 

Renilla luciferase activities were measured using a Dual Luciferase Reporter kit (Promega) and 

a BMG Labtech Pherastar microplate reader (Thermo Fisher Scientific). 

7.2.4. RNA Extraction 
Total RNA was isolated from cultured cells using two rounds of a modified acid guanidinium 

thiocyanate-phenol-chloroform protocol 1. Washed cells were resuspended in lysis buffer (4 M 

guanidinium thiocyanate, 25 mM sodium citrate, 0.5% sarkosyl, 0.72% β-mercaptoethanol) as 

previously described 2.  

7.2.5. Reverse Transcription PCR (RT-PCR) and Quantitative 
PCR (qPCR) 
Reverse transcription was performed with 2 μg of isolated RNA, 500 ng oligo(dT)15 primer, 

40 U of RNasin, 0.5 mM dNTPs, and 20 U of M-MLV-Reverse Transcriptase (Promega). Total 

RNA was DNase treated prior to reverse transcription to remove genomic DNA. Reverse 

transcription reactions were verified by β-actin RT-PCR using cDNA amplified with GoTaq 

Flexi (Promega). qPCR was performed using SYBR Green GoTaq qPCR master mix (Promega) 

according to the manufacturer instructions on LightCycler 96 SW 1.0 (Roche). Primer 

sequences have been supplied (Table 6). Reactions were performed on cDNA equivalent to 50 
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ng of total RNA and carried out for 45 amplification cycles. SYBR® Green fluorescence was 

measured after the extension step at the end of each amplification cycle and quantified using 

LightCycler Analysis Software (Roche). For each sample, a replicate omitting the reverse 

transcription step was undertaken as a negative control. qPCR data was normalized to the 

house-keeping control Cyclophilin. Experiments were replicated at least 3 times prior to 

statistical assessment. Each PCR was performed on at least 3 separate cell isolations, of which a 

representative PCR or an average is shown (Table 1). 
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       Table 1. Primer sequences used in qPCR assay. 

Human gene 

 Forward  Sequence (5'-3') Reverse Sequence (5'-3') Annealing Temp 
(ºC) 

Gli2 ATCTCTTGCCACCATTCCAT GGACAGAATGAGGCTCGTAA 60 

Smo CTGCCACTTCTACGACTTCT GGCCTGACATAGCACATAGT 56 

SuFu  GACCCCTTGGACTATGTTAG CTGATGTAGTGCCAGTGCTC 55 

Ptch1 CCCTCACGTCCATCAGCAAT AACACCACTACTACCGCTGC 58 

Mouse gene 

Gli2 TCCAGTCAATGGTTCTGTCC TGGCTCAGCATCGTCACTTC 60 

Gli3 GGCCGTTACCATTATGATCC CTGAGGCTGCAGTGGGATTA 60 

Shh TGCTTTGTAACCGCCACTTT CGCTGCTAGGTGCACTTTTA 61 

Smo GAACTCCAATCGCTACCCTG ATCTGCTCGGCAAACAATCT 60 

SuFu  GACCCCTTGGACTATGTTAG CTGATGTAGTGCCAGTGCTC 55 

Ptch1 CATAGCTGCCCAGTTCAAGT GGTCGTAAAGTAGGTGCTGG 55 
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7.2.6. Statistical analysis 
Statistical analysis was performed using F-test and t-test in Excel 2013. * P < .05, ** P < .001, 
*** P < .0001. 

 

7.3. Synthesis data 
7.3.1. Synthesis of the furan based biaryls (Chapter 2) 
Biphenyl-3,3'-diyldimethanol (10) and 5-(3-(hydroxymethyl)phenyl)furan-2-carbaldehyde (7) 

A solution of (3-bromophenyl)methanol (0.28 mL, 2.3 mmol), 5-formyl-2-

furanylboronic acid (0.32 g, 2.3 mmol) and TBAF (2.16 g, 6.86 mmol) was 

diluted with MeOH (30 mL) to afford a 0.05 M solution. This solution was 

flowed through an X-Cube™ fitted with a Fibrecat®1001 catalyst at flow 

rate of 0.5 mL/min, at a temperature of 80 °C, and 0 bar pressure for 2 h (i.e. total of two 

catalyst cycles). The eluent was concentrated in vacuo, diluted with DCM (30 mL), washed with 

1 M HCl (2 x 30 mL), dried (MgSO4), concentrated in vacuo, and the crude was subjected to 

flash silica gel chromatography (1:1 EtOAc:Hexane) to afford biphenyl-3,3'-diyldimethanol 

(10) as a colourless oil (0.01 g, 3 %). LRMS (ESI+) m/z 215 (M+H). 1H NMR (400 MHz, 

CDCl3) δ 7.61 (s, 1H), 7.54 (d, J = 7.7 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.36 (d, J = 7.5 Hz, 

1H), 4.76 (d, J = 7.7 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 141.4, 141.3, 129.0, 129.0, 126.5, 

126.0, 125.8, 65.4; RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10-100 % B in 15 min, 

Rt = 10.39 min.  

 

Continued elution (1:1 EtOAc:Hexane) afforded 5-(3-

(hydroxymethyl)phenyl)furan-2-carbaldehyde (7) as an orange oil (0.37 

g, 82 %). LRMS (ESI+) m/z 203 (M+H); HRMS (ES+) for C12H11O3; 

calculated 201.0630, found 202.0681; 1H NMR (400 MHz, CDCl3) δ 9.51 (s, 1H), 7.74 (s, 1H), 

7.67 – 7.57 (m, 1H), 7.32 (m, 2H), 7.25 (d, J = 3.7 Hz, 1H), 6.76 (d, J = 3.7 Hz, 1H), 4.67 (s, 

2H). 13C NMR (101 MHz, CDCl3) δ 177.34, 159.5, 151.8, 142.1, 129.0 (C x 2), 128.9, 128.2, 

124.3, 123.6, 107.9, 77.5, 77.2, 76.9, 64.4. RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 

10-100 % B in 15 min, Rt = 9.10 min. 
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5-(4-Acetylphenyl)-2-furancarboxaldehyde (12a) 

General procedure 1: A solution of 4-bromoanisole (0.40 g, 2.1 mmol), 

5-formyl-2-furanylboronic acid (0.30 g, 2.1 mmol) and TBAF (2.16 g, 

6.86 mmol) was diluted with MeOH (30 mL) to afford a 0.05 M solution. 

This solution was flowed through an X-Cube™ fitted with a Fibrecat®1032 catalyst at flow rate 

of 0.5 mL/min, at a temperature of 120 °C, and 0 bar pressure for 2 h (i.e. total of two catalyst 

cycles). The eluent was concentrated in vacuo, diluted with DCM (30 mL), washed with 1 M 

HCl (2 x 30 mL), dried (MgSO4), concentrated in vacuo, and the crude was subjected to flash 

silica gel chromatography (1:1 EtOAc:Hexane) to afford 5-(4-acetylphenyl)-2-

furancarboxaldehyde (12a) as a yellow oil (0.36 g, 87 %). LRMS (ESI+) m/z 215 (M+H); 

HRMS (ES+) for C13H11O3; calculated 215.0630, found 214.0637; 1H NMR (CDCl3, 400 MHz); 

δ 9.60 (s, 1H), 7.77 (d, J = 8.9 Hz, 2H), 7.30 (d, J = 3.7 Hz, 1H), 6.96 (d, J = 8.9 Hz, 2H), 6.72 

(d, J = 3.7 Hz, 1H), 3.86 (s, 3H); 13C NMR (CDCl3, 101 MHz): δ 176.9, 160.91, 159.8, 151.6, 

129.0, 127.0, 121.8, 114.4, 106.3, 55.4; RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10-

100 % B in 15 min, Rt = 14.26 min. 

 

2-(4-(5-Formylfuran-2-yl)phenyl)acetonitrile (12b)  

Compound (12b) was synthesised as described in general procedure 

1 from 4-bromoacetonitrile (0.44 g, 2.2 mmol), 5-formyl-2-

furanylboronic acid (0.31 g, 2.2 mmol) and TBAF (2.04 g, 6.7 

mmol). The crude reaction mixture was subjected to flash silica chromatography (1:4 

EtOAc:Hexane:) to afford 12b as an orange solid (0.38 g, 82 %). LRMS (ESI+) m/z 212 

(M+H); HRMS (ES+) for C13H10NO2; calculated 212.0630, found 212.0637; 1H NMR 

(CDCl3, 400 MHz): δ 9.67 (s, 1H), 7.84 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.5 Hz, 2H), 

7.33 (d, J = 3.7 Hz, 1H), 6.87 (d, J = 3.7 Hz, 1H), 3.81 (s, 2H); 13C NMR (CDCl3, 101 

MHz): δ 177.3, 158.37, 152.2, 131.3, 128.9, 128.6, 126.0, 108.2, 23.6. RP-HPLC 

Alltima™ C18 5 m 150 mm x 4.6 mm, 10-100 % B in 15 min, Rt = 14.27 min. 

 

5-(4-Methylphenyl)-2-furancarboxaldehyde (12c) 

Compound 12c was prepared utilising general procedure 1, 4-

bromotoluene (0.28 mL, 2.3 mmol), 5-formyl-2-furanylboronic acid 

(0.32 g, 2.3 mmol), TBAF (2.16 g, 6.86 mmol), and MeOH (30 mL). 

The eluent was concentrated in vacuo and the crude material was diluted with DCM (30 
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mL) and washed with 1 M HCl (2 x 30 mL). The organic layer was dried (MgSO4), and 

concentrated in vacuo to yield an oil which was further purified using flash 

chromatography (1:9 EtOAc:Hexane) to afford 5-(4-methylphenyl)-2-

furancarboxaldehyde as an orange solid (0.39 g, 91 %) m.p 50-56 C. LRMS (ESI+) m/z 

187 (M+H); HRMS (ES+) for C12H11O2; calculated 187.0681, found 186.0678; 1H NMR 

(CDCl3, 400 MHz): δ 9.63 (s, 1H), 7.72 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 3.7 Hz, 1H), 

7.25 (d, J = 8.9 Hz, 2H), 6.78 (d, J = 3.7 Hz, 1H), 2.39 (s, 3H); 13C NMR (CDCl3, 101 

MHz): δ 177.1, 159.8, 151.8, 140.0, 129.7, 126.3, 125.3, 107.1, 21.5; RP-HPLC 

Alltima™ C18 5 m 150 mm x 4.6 mm, 10-100 % B in 15 min, Rt = 17.41 min. 

 

5-(Dimethylamino)-N-(4-(5-formylfuran-2-yl)phenyl)naphthalene-1-sulfonamide (12d) 

Compound 12d was prepared utilising general procedure 1, 

and N-(4-bromophenyl)-5-(dimethylamino)naphthalene-1-

sulfonamide (0.92 g, 2.3 mmol), 5-formyl-2-furanylboronic 

acid (0.32 g, 2.3 mmol), TBAF (2.16 g, 6.86 mmol), and 

MeOH (30 mL). The eluent was concentrated in vacuo, the crude material was diluted 

with DCM (30 mL) and washed with 1 M HCl (2 x 30 mL). The organic layer was dried 

(MgSO4), and concentrated in vacuo to yield an oil which was further purified using 

flash chromatography (5:1 EtOAc:Hexane) to afford 5-(4-methylphenyl)-2-

furancarboxaldehyde as a yellow oil (0.82 g, 87 %). LRMS (ESI+) m/z 421 (M+H); 

HRMS (ES+) for C23H21N2O4S; calculated 421.1144, found 421.1144; 1H NMR (400 

MHz, CDCl3) δ 9.55 (s, 1H), 8.51 (d, J = 8.4 Hz, 1H), 8.46 – 8.25 (m, 2H), 8.13 (s, 1H), 

7.56 – 7.51 (m, 1H), 7.50 (d, J = 8.7 Hz, 2H), 7.47 – 7.42 (m, 1H), 7.23 (d, J = 3.7 Hz, 

1H), 7.16 (d, J = 7.9 Hz, 1H), 7.09 (d, J = 8.7 Hz, 2H), 6.62 (d, J = 3.7 Hz, 1H), 2.85 (s, 

6H). 13C NMR (CDCl3, 101 MHz): δ 177.2, 158.9, 151.7, 138.2, 134.1, 132.1, 131.0, 

130.4, 129.7, 129.6, 128.7, 126.3, 125.0, 123.2, 122.7, 120.3, 115.5, 111.1, 107.3, 45.4; 

RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10-100 % B in 15 min, Rt = 9.60 min. 

 

N-(4-(5-Formylfuran-2-yl)phenyl)benzenesulfonamide (12e) 

Compound 12e was prepared utilising general procedure 1, 

and N-(4-bromophenyl)benzenesulfonamide (0.77 g, 2.3 

mmol), 5-formyl-2-furanylboronic acid (0.32 g, 2.3 mmol), 

TBAF (2.16 g, 6.86 mmol), and MeOH (30 mL). The eluent was concentrated in vacuo, 

the crude material was diluted with DCM (30 mL) and washed with 1 M HCl (2 x 30 

mL). The organic layer was dried (MgSO4), and concentrated in vacuo to yield an oil 

which was further purified using flash chromatography (4:1 EtOAc:Hexane) to afford N-

O
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(4-(5-formylfuran-2-yl)phenyl)benzenesulfonamide as an yellow oil(0.65 g, 87 %). 

LRMS (ESI+) m/z 328 (M+H); HRMS (ES+) for C17H14NO4S; calculated 328.0565, 

found 327.0556; 1H NMR (400 MHz, CDCl3) δ 9.61 (s, 1H), 7.85 – 7.78 (m, 2H), 7.69 

(d, J = 8.7 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 7.7 Hz, 2H), 7.30 (d, J = 3.7 Hz, 

1H), 7.26 (s, 1H), 7.18 (d, J = 8.7 Hz, 3H), 6.76 (d, J = 3.7 Hz, 1H); 13C NMR (101 

MHz, CDCl3) δ 177.0, 158.6, 151.89, 138.8, 137.8, 129.2, 127.2, 126.6, 125.8, 121.1 

(Cx2), 107.6. RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10-100 % B in 15 min, 

Rt = 15.58 min. 

 

N-(2,4-Dimethoxyphenyl)-4-(5-formylfuran-2-yl)benzamide (12f)  

Compound 12f was synthesised utilising general procedure 1, 4-

bromo-N-(2,4-dimethoxyphenyl)benzamide (0.73 g, 2.2 mmol), 

5-formyl-2-furanylboronic acid (0.31 g, 2.2 mmol) and TBAF 

(2.14 g, 6.6 mmol) to afford N-(2,4-dimethoxyphenyl)-4-(5-

formylfuran-2-yl)benzamide as a light brown solid (0.71 g, 92 %). LRMS (ESI-) m/z 352 (M-

H); HRMS (ES-) for C20H18NO5; calculated 352.1107, found 352.1113; 1H NMR (400 MHz, 

DMSO-d6): δ 9.66 (s, 1H), 9.54 (s, NH), 8.09 (d, J = 8.3 Hz, 2H), 8.01 (d, J = 8.4 Hz, 2H), 7.70 

(d, J = 3.8 Hz, 1H), 7.48 (d, J = 8.6 Hz, 1H), 7.45 (d, J = 3.7 Hz, 1H), 6.67 (d, J = 2.6 Hz, 1H), 

6.55 (dd, J = 8.7, 2.6 Hz, 1H), 3.81 (s, 3H), 3.79 (s, 3H); 13C NMR (400MHz, DMSO-d6): δ 

178.6, 164.8, 158.5, 157.6, 154.1, 152.6, 135.55, 131.6, 128.9, 127.1, 125.3, 120.0, 110.7, 

104.7, 99.4, 56.2, 55.8; RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10-100 % B in 15 

min, Rt = 18.12 min. 

 

5-(4-Hydroxyphenyl)-2-furancarboxaldehyde (14) 

Compound 14 was synthesised utilising general procedure 1, 4-

bromophenol (0.38 g, 2.3 mmol), 5-formyl-2-furanylboronic acid 

(0.32 g, 2.3 mmol) and TBAF (2.10 g, 6.9 mmol). The crude was 

subjected to silica gel chromatography (4:1 EtOAc:Hexane) to afford 5-(4-

hydroxyphenyl)-2-furancarboxaldehyde as an orange solid (0.09 g, 30 %). LRMS (ESI-) 

m/z 187 (M-H); HRMS (ES-) for C11H7O3; calculated 187.0473, found 187.0468; 1H 

NMR (CDCl3, 400 MHz): δ 9.60 (s, 1H), 7.73 (d, J = 8.8 Hz, 2H), 7.31 (d, J = 3.7 Hz, 

1H), 6.92 (d, J = 8.8 Hz, 2H), 6.71 (d, J = 3.7 Hz, 1H); 13C NMR (CDCl3, 101 MHz): δ 

176.9, 157.1, 128.0, 127.3, 122.0, 116.0, 115.6, 106.3. RP-HPLC Alltima™ C18 5 m 

150 mm x 4.6 mm, 10-100 % B in 15 min, Rt = 10.68 min.  
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5-(3-(Dimethylamino)phenyl)-2-furancarboxaldehyde (15a) 

General Procedure 2: A solution of 3-bromo-N,N-

dimethylaniline (0.28 mL, 2.3 mmol), 5-formyl-2-furanylboronic 

acid (0.32 g, 2.3 mmol) and TBAA (2.08 g, 6.86 mmol) was 

diluted with MeOH (30 mL) to afford a 0.05 M solution. This 

solution was flowed through an X-Cube™ fitted with a CatCart® PdCl2(PPh3)2-DVB 

catalyst at flow rate of 0.3 mL/min, at a temperature of 120 °C, and 0 bar pressure for 3 h 

(i.e. total of three catalyst cycles). The eluent was concentrated in vacuo, diluted with 

DCM (30 mL) and washed with 1 M HCl (2 x 30 mL), dried (MgSO4), concentrated in 

vacuo, and the crude was subjected to flash silica gel chromatography (7:1 

EtOAc:Hexane) to afford 5-(3-(dimethylamino)phenyl)-2-furancarboxaldehyde as a 

colourless oil (0.43 g, 87 %). LRMS (ESI+) m/z 216 (M+H); HRMS (ES+) for 

C13H14NO2; calculated 216.0946, found 216.0942; 1H NMR (DMSO-d6, 400 MHz): δ 

9.59 (s, 1H), 7.64 (d, J = 3.7 Hz, 1H), 7.30 (d, J = 7.9 Hz, 1H), 7.27 (d, J = 3.7 Hz, 1H), 

7.16 (d, J = 7.6 Hz, 1H), 7.13 (d, J = 2.0 Hz, 1H), 6.81 (dd, J = 8.3, 2.4 Hz, 1H), 2.97 (s, 

6H). 13C NMR (DMSO-d6, 101 MHz): δ 178.1, 159.7, 151.9, 151.2, 130.2, 129.7, 114.3, 

113.5, 109.0, 108.5, 40.5. RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10-100 % 

B in 15 min, Rt = 9.60 min. 

 

5-(4-(Dimethylamino)phenyl)-2-furancarboxaldehyde (15b) 

Compound 15b was synthesised utilising general procedure 2 and 

4-bromo-N,N-dimethylaniline (0.46 g, 2.3 mmol), 5-formyl-2-

furanylboronic acid (0.32 g, 2.3 mmol) and TBAA (2.08 g, 6.90 

mmol). The crude was subject to flash silica gel chromatography (7:1 EtOAc:Hexane) to 

afford 5-(4-(dimethylamino)phenyl)-2-furancarboxaldehyde as a yellow solid (0.43 g, 87 

%). M.p. 96-98 C. LRMS (ESI-) m/z 216 (M+H); HRMS (ES+) for C13H14NO2; 

calculated 216.0946, found 216.0950; 1H NMR (DMSO-d6, 400 MHz): δ 9.48 (d, J = 3.2 

Hz, 1H), 7.69 (dd, J = 8.2, 3.6 Hz, 2H), 7.59 (t, J = 3.8 Hz, 1H), 7.00 (t, J = 3.9 Hz, 1H), 

6.81 (dd, J = 8.3, 3.4 Hz, 2H), 3.00 (d, J = 3.2 Hz, 6H); 13C NMR (DMSO-d6, 101 MHz): 

δ 176.9, 160.6, 151.6, 151.1, 126.9, 116.4, 112.5, 106.0; RP-HPLC Alltima™ C18 5 

m150 mm x 4.6 mm, 10-100 % B in 15 min, Rt = 10.68 min. 
 

5-(4-Methoxyphenyl)-2-furancarboxaldehyde (15c) 

Compound 15c was synthesised utilised general procedure 2, 4-

bromoanisole (0.41 g, 2.2 mmol), 5-formyl-2-furanylboronic acid 

(0.31 g, 2.2 mmol) and TBAA (1.99 g, 6.6 mmol). The crude was 
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subjected to flash silica gel chromatography (1:5 EtOAc:Hexane) to afford 5-(4-

methoxyphenyl)-2 furancarboxaldehyde as a pale yellow oil (0.42 g, 92 %). LRMS (ESI-

) m/z 201 (M-H); HRMS (ES-) for C12H9O3; calculated 201.0630, found 201.0637; 1H 

NMR (CDCl3, 400 MHz): δ 9.60 (s, 1H), 7.77 (d, J = 8.9 Hz, 2H), 7.30 (d, J = 3.7 Hz, 

1H), 6.96 (d, J = 8.9 Hz, 2H), 6.72 (d, J = 3.7 Hz, 1H), 3.86 (s, 3H); 13C NMR (CDCl3, 

101 MHz): δ 176.9, 160.9, 159.8, 151.6, 129.0, 127.0, 121.8, 114.4, 106.3, 55.4; RP-

HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10-100 % B in 15 min, Rt = 18.92 min. 

 

5-(1H-Indol-6-yl)-2-furancarboxaldehyde (15d) 

Compound 15d was synthesised utilising general procedure 2, 6-

bromo-1H-indole (0.41 g, 2.1 mmol), 5-formyl-2-furanylboronic 

acid (0.29 g, 2.1 mmol) and TBAA (1.90 g, 6.3 mmol). The crude 

was subjected to flash silica gel chromatography (3:1 EtOAc:Hexane) to afford 5-(1H-

indol-6-yl)-2-furancarboxaldehyde as an off-white solid (0.48. g, 83 %). LRMS (ESI+) 

m/z 212 (M+H); HRMS (ES+) for C13H10NO2; calculated 212.0633, found 212.0635; 1H 

NMR (CDCl3, 400 MHz): δ 9.61 (s, 1H), 8.43 (s, NH), 7.95 (s, 1H), 7.68 (d, J = 8.3 Hz, 

1H), 7.54 (dd, J = 8.3, 1.4 Hz, 1H), 7.34 (d, J = 3.7 Hz, 1H), 7.33 – 7.31 (m, 1H), 6.83 

(d, J = 3.7 Hz, 1H), 6.60 – 6.56 (m, 1H). 13C NMR (CDCl3, 101 MHz): δ 176.8, 161.3, 

151.6, 135.9, 129.2, 126.5, 122.9, 121.2, 117.7, 108.4, 106.8, 103.1; RP-HPLC 

Alltima™ C18 5 m 150 mm x 4.6 mm, 10-100 % B in 15 min, Rt = 15.58 min. 

 

5-(4-Benzoylphenyl)-2-furancarboxaldehyde (15e) 

Compound 15e was synthesised using general procedure 2, (4-

chlorophenyl)(phenyl)methanone,(0.41 g, 2.2 mmol), 5-formyl-2-

furanylboronic acid (0.31 g, 2.2 mmol) and TBAF (1.99 g, 6.60 

mmol). The crude was subjected to flash silica gel 

chromatography (1:4 EtOAc:Hexane) to afford 5-(4-benzoylphenyl)-2-furancarboxaldehyde as 

an off-white solid (0.38 g, 87 %). LRMS (ESI+) m/z 277 (M+H); HRMS (ES+) for C18H13O3; 

calculated 277.0786, found 277.0791; 1H NMR (DMSO-d6, 100 MHz): δ 9.67 (s, 1H), 8.05 (d, J 

= 8.4 Hz, 2H), 7.86 (d, J = 8.4 Hz, 2H), 7.78 – 7.75 (m, 2H), 7.73 – 7.69 (m, 2H), 7.59 (t, J = 

7.6 Hz, 2H), 7.48 (d, J = 3.8 Hz, 1H); 13C NMR (CDCl3, 101 MHz): δ 195.5, 178.7, 157.3, 

152.8, 137.7, 137.3, 133.3, 132.6, 131.0, 130.1, 129.1, 125.4, 111.3; RP-HPLC Alltima™ C18 5 

m 150 mm x 4.6 mm, 10-100 % B in 15 min, Rt = 18.21 min.  
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5-(3-Formylphenyl)furan-2-carbaldehyde (15f) 

Compound 15f was synthesised using general procedure, 3-

chlorobenzaldehyde (0.28 g, 2.0 mmol), 5-formyl-2-

furanylboronic acid (0.28 g, 2.0 mmol) and TBAF (1.81 g, 6.0 

mmol). The crude was subjected to flash silica gel chromatography (9:1 Hexane:EtOAc) 

to afford 5-(4-benzoylphenyl)-2-furancarboxaldehyde as a of white solid (0.34. g, 85 %). 

LRMS (ESI-) m/z 199 (M-H); HRMS (ES-) for C12H7O3; calculated 199.0473, found 

199.0482; 1H NMR (400 MHz, DMSO-d6) δ 10.11 (s, 1H), 9.66 (s, 1H), 8.38 (s, 1H), 

8.21 (d, J = 7.9 Hz, 1H), 7.98 (d, J = 7.6 Hz, 1H), 7.76 (t, J = 7.7 Hz, 1H), 7.70 (d, J = 

3.7 Hz, 1H), 7.46 (d, J = 3.7 Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ 193.3, 178.6, 

157.2, 152.5, 137.4, 131.0, 130.7, 130.6, 130.0, 126.1, 125.9, 125.7, 110.3; RP-HPLC 

Alltima™ C18 5 m 150 mm x 4.6 mm, 10-100 % B in 15 min, Rt = 10.68 min. 

 

N-(6-((2S,6R)-2,6-Dimethylmorpholino)pyridin-3-yl)-2-methyl-4'-trifluoromethoxy) 
biphenyl-3-carboxamide (LDE225) (18) 

Compound 18 was synthesised using general procedure 2, 

3-bromo-N-(6-((2R,6S)-2,6-dimethylmorpholino)pyridin-3-

yl)-2-methylbenzamide (0.48 g, 1.2 mmol), 

4-(trifluoromethoxy)phenylboronic acid (0.25 g, 1.2 mmol), 

and TBAF (1.08 g, 3.6 mmol). The crude was subjected to flash silica gel chromatography (9:1 

DCM:MeOH) to afford LDE225 as an off-white solid (0.55 g, 94 %). LRMS (ESI+) m/z 486 

(M+H); 1H NMR (400 MHz, DMSO-d6) δ 10.25 (s, 1H), 8.43 (d, J = 2.4 Hz, 1H), 7.94 (dd, J = 

9.1, 2.5 Hz, 1H), 7.47 (s, 4H), 7.42 – 7.25 (m, 2H), 6.86 (d, J = 9.1 Hz, 1H), 4.06 (d, J = 12.0 

Hz, 2H), 3.67 – 3.54 (m, 2H), 2.41 – 2.27 (m, 2H), 2.22 (s, 3H), 1.16 (d, J = 6.2 Hz, 6H); 13C 

NMR (101 MHz, DMSO-d6) δ 168.2, 156.2, 148.0, 141.4, 140.6, 139.9, 139.1, 132.5, 131.5, 

131.1, 130.7, 127.5, 127.1, 126.3, 121.9, 121.4, 119.3, 107.3, 71.3, 51.3, 19.3, 17.7;193.3, 

178.6, 157.2, 152.5, 137.4, 131.0, 130.7, 130.6, 130.0, 126.1, 125.9, 125.7, 110.3; RP-HPLC 

Alltima™ C18 5 m 150 mm x 4.6 mm, 10-100 % B in 15 min, Rt = 17.41 min. 
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7.3.2. Synthesis of the quinolone-1-(2H)-ones (Chapter 3) 
2-(3-Cyano-2-oxo-4-methylquinolin-1(2H)-yl)-2-(1-methyl-1H-indol-3-yl)-N-(pentan-2-

yl)acetamide (20) 

General procedure 3: A solution of MeOH (5.00 mL), 2-

aminoacetophenone (0.148 mL, 1.23 mmol) and 1-methyl-1H-

indole-3-carboxaldehyde (0.196 g, 1.23 mmol) was stirred at 

room temperature for 0.5 h. To the stirred solution was added 

cyanoacetic acid (0.105 g, 1.23 mmol) followed by the addition 

of 2-pentylisocyanide (0.152 mL, 1.23 mmol). The reaction 

mixture was stirred at room temperature for 24 h and the crude material was subjected to 

silica gel column chromatography (1:4 Hexane–EtOAc) to afford 20 (70 mg, 13%) as an 

off white solid (mp 243-245°C). IR (cm-1): 3246 (NH), 3083 (CH), 2972 (CH), 2229 

(CN), 1637 (CO); The 1H NMR displays a mixture of isomers, with the ratio 1.35 : 1.0 

calculated at 0.74 and 0.60 ppm, respectively. 1H is reported as a whole without splitting 

due to the complex overlapping. All peaks detected in 13C are reported.  1H NMR (400 

MHz, DMSO-d6) δ 7.91 (d, J = 8.2 Hz, 1H), 7.83 – 7.69 (m, 2H), 7.67 – 7.51 (m, 2H), 

7.47 – 7.35 (m, 3H), 7.29 (dd, J = 9.8, 5.4 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 7.01 (t, J = 

7.4 Hz, 1H), 3.98-3.86 (m, 1H), 3.75 (s, 3H), 2.75 (d, J = 3.2 Hz, 3H), 1.54 – 1.15 (m, 

4H), 0.93-0.87 (m, 3H), 0.77-0.56 (m, 2H); 13C NMR (101 MHz, DMSO-d6) δ 167.4, 

166.8, 159.2, 159.2, 158.3, 158.3, 139.1, 136.6, 136.5, 133.3, 133.2, 130.9, 130.81, 

127.7, 127.6, 127.6, 123.4, 121.9, 120.1, 120.1, 119. 8, 118.9, 118.1, 118.1, 116.2, 110.4, 

107.7, 106.2, 106.1, 106.1, 60.2, 53.8, 53.7, 52.9, 45.3, 45.2, 38.3, 38.0, 33.0 (Cx2), 

27.4, 26.8, 21.2, 21.1, 20.8, 19.6, 19.1, 18.8, 14.6, 14.3, 14.2, 11.2, 10.8; LRMS (ESI-) 

m/z 440, 520 [M+DMSO+2H]+ 100%. HRMS (ES+) for C27H28N4O2Na; calculated 

463.2110, found 463.2104; RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% 

B in 15 min, Rt = 7.07 min, 93 %. 

 

2-(3-Cyano-2-oxo-4-phenylquinolin-1(2H)-yl)-2-(1H-indol-3-yl)-N-(pentan-2-yl)acetamide (21) 

Synthesized utilizing the general procedure 3 described 

above, from 2-aminobenzophenone (0.252 g, 1.28 mmol), 

indole-3-carboxaldehyde (0.186g, 1.28 mmol), cyanoacetic 

acid (0.109 g, 1.28 mmol) and 2-pentylisocyanide (0.158 mL, 

1.28 mmol) in MeOH (5.00 mL) to afford 21 (0.07 g, 11%) as 

an off white solid (mp 182–183 ºC). IR (cm-1): 3420 (NH), 

2229 (CN), 1678 (CONH), 1646 (CON); The 1H NMR displays a mixture of isomers, 
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with the ratio 5.5 : 1.0 calculated at 3.96 and 3.72 ppm, respectively. 1H is reported as a 

whole without splitting due to the complex overlapping. All peaks detected in 13C are 

reported 1H NMR (400 MHz, DMSO-d6) δ 11.26 (s, 1H), 7.85 (s, 2H), 7.73 – 7.32 (m, 

10H), 7.29 – 6.87 (m, 4H), 3.96 (s, 1H), 1.84 – 0.09 (m, 11H); 13C NMR (101 MHz, 

DMSO-d6) δ 167.4, 166.8, 160.1, 159.3, 140.1, 136.2, 136.1, 134.1, 133.3, 130.4, 129.3, 

129.2, 129.1, 127.4, 127.3, 127.0, 126.9, 123.5, 122.0, 119.9, 119.8, 118.8, 118.6, 116.0, 

112.2, 108.5, 106.0, 54.3, 54.2, 53.0, 45.4, 45.3, 38.4, 38.2, 27.4, 26.9, 21.1, 20.9, 19.6, 

19.2, 14.4, 14.2, 11.3, 10.8; LRMS (ESI+) m/z 488, 489 [M+H]+, 40%. HRMS (ES+) for 

C31H28N4O2; calculated 489.2285, found 489.2284; RP-HPLC Phenomenex Onyx™ 

Monolithic C18 5 µm 100 mm x 4 mm, 10–100% B in 15 min, Rt = 12.24 min, 100 %. 

 

2-(3-Cyano-2-oxo-4-phenylquinolin-1(2H)-yl)-2-(1H-indol-5-yl)-N-(pentan-2-yl)acetamide (22) 

Synthesized utilizing the general procedure 3 described 

above, from 2-aminobenzophenone (0.267 g, 1.35 mmol), 

indole-5-carboxaldehyde (0.197g, 1.35 mmol), cyanoacetic 

acid (0.115 g, 1.35 mmol) and 2-pentylisocyanide (0.167 mL, 

1.35 mmol) in MeOH (5.0 mL) to afford 22 (0.238 g, 36%) 

as an off white solid  (mp 271–272 ºC). IR (cm-1): 3403 

(NH), 3338 (NH), 2956 (CH), 2235 (CN), 1647 (CO); The 1H NMR displays a mixture 

of isomers, with the ratio 2.45 : 1.0 calculated at 0.74 and 0.64 ppm, respectively. 1H is 

reported as a whole without splitting due to the complex overlapping. All peaks detected 

in 13C are reported 1H NMR (400 MHz, DMSO-d6) δ 11.13 (s, 1H), 7.89 (dd, J = 14.3, 

8.1 Hz, 1H), 7.71 – 7.52 (m, 7H), 7.52 – 7.44 (m, 1H), 7.41 – 7.29 (m, 2H), 7.26 – 7.01 

(m, 4H), 6.40 (d, J = 1.8 Hz, 1H), 3.91 (dd, J = 13.4, 7.0 Hz, 1H), 1.59 – 1.19 (m, 3H), 

1.16 – 0.99 (m, 2H), 0.99 – 0.84 (m, 3H), 0.81-0.55 (m, 2H); 13C NMR (101 MHz, 

DMSO-d6) δ 167.5, 167.0, 166.9, 160.1, 160.0, 159.4, 140.6, 135.6, 134.2, 134.2, 133.1, 

133.0, 130.4, 129.3 (C x 2), 129.2 (C x 2), 129.1, 129.1, 128.0, 126.5, 126.5, 125.8, 

125.7, 125.6, 123.5, 121.8, 120.1, 120.1, 120.0, 119.1, 119.0, 116.0, 116.0, 111.9, 111.9, 

106.3, 106.3, 106.2, 101.8, 101.7, 61.3,  61.1, 61.1, 52.8, 45.3, 45.2, 38.3, 38.2, 27.2, 

26.8, 21.2, 20.9, 19.5, 19.0, 14.4, 14.3, 11.1, 10.6; LRMS (ESI-) m/z - 488, 520 

[M+CH3OH-H] 95%. HRMS (ES+) for C31H28N4O2; calculated 489.2285, found 

489.2284. RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt 

= 7.07 min, >98 %. 
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2-(3-Cyano-2-oxo-4-phenylquinolin-1(2H)-yl)-2-(5-methyl-1H-indole-3-yl)-N-(pentan-2-

yl) acetamide (23) 

Synthesized utilizing the general procedure 3 described 

above, from 2-aminobenzophenone (0.378 g, 1.92 mmol), 

5-methyl-1H-indole carbaldehyde (0.305 g, 1.92 mmol), 

cyanoacetic acid (0.163 g, 1.92 mmol), and 2-

pentylisocyanide (0.237 mL, 1.92 mmol) to afford 23 (0.445 

g, 46%) as an off white solid (mp 178–180 ºC). IR (cm-1): 

3427 (br NH), 2962 (CH), 2236 (CN), 1645 (CON); The 1H NMR displays a mixture of 

isomers, with the ratio 2.1 : 1.0 calculated at 0.77 and 0.68 ppm, respectively. 1H is 

reported as a whole without splitting due to the complex overlapping. All peaks detected 

in 13C are reported 1H NMR (400 MHz, DMSO-d6) δ 11.13 (d, J = 4.9 Hz, 1H), 7.90 – 

7.37 (m, 10H), 7.29-7.16 (m, 4H), 6.92 (d, J = 8.3 Hz, 1H), 4.03 – 3.87 (m, 1H), 2.34 (s, 

3H), 1.57 – 1.20 (m, 3H), 1.20 – 0.86 (m, 5H), 0.82-0.60 (m, 3H); 13C NMR (101 MHz, 

DMSO-d6) δ 167.5, 166.9, 160.1, 160.1, 159.3, 140.1, 140.1, 134.6, 134.6, 134.5, 134.1, 

133.3, 130.4, 129.4, 129.2, 129.1, 128.2, 128.1, 127.5, 127.5, 126.8, 126.6, 123.5, 119.9, 

118.5, 118.4, 118.3, 116.0, 111.9, 107.9, 107.9, 106.0, 105.9, 54.5, 54.4, 52.9, 45.4, 45.2, 

38.4, 38.2, 27.3, 26.9, 21.9, 21.1, 20.9, 19.6, 19.2, 14.4, 14.2, 11.2, 10.8; LRMS (ESI-) 

m/z 502, 521 [M+NH4]+ 40%. HRMS (ES+) for C32H30N4O2; calculated 503.2442, found 

503.2444; RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt 

= 10.89 min, 100%. 

 

Ethyl-[2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(5-methyl-1H-indol-3-yl)-

acetamido]-acetate (24) 

Synthesized utilizing the general procedure 3 described 

above, from 2-aminobenzophenone (0.390 g, 1.98 mmol), 

5-methyl-indole-3-carboxaldehyde (0.315g, 1.98 mmol), 

cyanoacetic acid (0.168 g, 1.98 mmol) and ethyl 

isocyanoacetate (0.216 mL, 1.98 mmol) in MeOH (5.0 mL) 

to afford 24 (0.347 g, 34%) as a greenish solid  (mp 199-

200 °C). IR (cm-1): 3423 (NH), 3410 (NH), 2232 (CN), 1731 (COO), 1673 (CON); 1H NMR 

(400 MHz, DMSO-d6) δ 11.21 (d, J = 1.8 Hz, 1H), 8.53 (s, 1H), 7.83 (d, J = 8.7 Hz, 1H), 7.72 – 

7.48 (m, 8H), 7.32 – 7.17 (m, 4H), 6.92 (d, J = 8.3 Hz, 1H), 4.14 (q, J = 7.1 Hz, 2H), 4.02-3.84 

(m, 2H), 2.34 (s, 3H), 1.22 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 170.2, 168.4, 

160.3, 159.3, 139.7, 134.5, 134.1, 133.5, 130.5, 129.4, 129.4, 129.4, 129.1, 129.0, 128.3, 127.5, 

127.1, 123.7 (C x 2), 119.9, 118.5, 118.2, 115.8, 111.9, 107.3, 105.8, 61.0, 53.8, 41.9, 21.9, 
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14.6; LRMS (ESI+) m/z518, 541 [M+Na-H]+ 60%. HRMS (ES+) for C31H26N4O4; calculated 

519.2027, found 519.2026; RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 

15 min, Rt = 13.72 min, > 97%. 

 

Ethyl-[2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1H-indol-3-yl)-acetamido]-

acetate (25) 

Synthesized utilizing the general procedure 3 described 

above, from 2-aminobenzophenone (0.366 g, 1.86 mmol), 

1H-indole carbaldehyde (0.269 g, 1.86 mmol), cyanoacetic 

acid (0.157 g, 1.86 mmol), and ethyl isocyanoacetate 

(0.202 mL, 1.86 mmol) to afford 25 (0.30 g, 46%) as an off 

white solid (mp 179.3-180.5 °C). IR (cm-1): 3420 (NH), 

2236 (CN), 1737 (COO), 1686 (CONH), 1646 (CON); 1H NMR (400 MHz, DMSO-d6) δ 

11.35 (s, 1H), 8.58 (s, 1H), 7.93 – 7.75 (m, 2H), 7.75-7.45 (m, 8H), 7.39 (d, J = 8.0 Hz, 

1H), 7.21 (d, J = 3.7 Hz, 2H), 7.15-6.91 (m, 2H), 4.25 – 4.06 (m, 2H), 4.04-3.80 (m, 2H), 

1.22 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 170.2, 168.4, 160.3, 159.3, 

139.7, 136.1, 134.0, 133.5, 130.5, 129.5, 129.4 (C x 2), 129.3 (C x 2), 129.2, 129.0, 

127.3, 123.7, 122.1, 120.0 (C x 2), 118.6, 118.5, 115.9, 112.2, 107.8, 105.8, 61.1, 53.7 

41.9, 14.6; LRMS (ESI+) m/z 504, 505 [M+H]+, 100%. HRMS (ES+) for C30H24N4O4; 

calculated 505.1870, found 505.1869; RP-HPLC Phenomenex Onyx™ Monolithic C18 5 

µm 100 mm x 4 mm, 10–100% B in 15 min, Rt = 11.09 min, 100%. 

 

Ethyl-[2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1-methylindole-3-yl)-

acetamido]-acetate (26) 

Synthesized utilizing the general procedure 3 described 

above, from 2-aminobenzophenone (0.281 g, 1.43 mmol), 

1-methyl-indole-3-carboxaldehyde (0.227 g, 1.43 mmol), 

cyanoacetic acid (0.121 g, 1.43 mmol) and ethyl 

isocyanoacetate (0.156 mL, 1.43 mmol) in MeOH (5.0 

mL). The crude material was subjected to silica gel column 

chromatography (1:1 Hexane–EtOAc) to afford 26 (0.192 g, 26%) as an off white solid 

(mp 209-211°C). IR (cm-1):  3422 (NH), 2920 (CH), 2229 (CN), 1743 (COO), 1639 

(CON); 1H NMR (400 MHz, DMSO-d6) δ 8.53 (bs, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.75 

(s, 1H), 7.70 – 7.48 (m, 7H), 7.43 (d, J = 8.2 Hz, 1H), 7.25 – 7.19 (m, 2H), 7.17 (t, J = 

7.2 Hz, 1H), 7.06 (t, J = 7.2 Hz, 1H), 4.12 (q, J = 7.1 Hz, 2H), 3.90 (d, J = 6.6 Hz, 2H), 

3.79 (s, 3H), 1.20 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 170.1, 168.3, 
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160.3, 159.2, 139.6, 136.5, 134.0, 133.7, 131.4, 130.5, 129.5, 129.4 (C x 2), 129.2, 

129.0, 127.7, 123.7, 122.1, 120.1, 120.0, 118.9, 118.2, 115.9, 110.5, 106.8, 105.9, 105.9, 

61.0, 41.9, 33.2, 14.6; LRMS (ESI-) m/z 518, 540 [M+ Na-H]+, 100%. HRMS (ES+) for 

C31H26N4O4; calculated 519.2027, found 519.2027; RP-HPLC Alltima™ C18 5 µm 150 

mm x 4.6 mm, 10–100% B in 15 min, Rt = 14.26 min, >98%. 

 

Ethyl-3-[2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1-methyl-1H-indol-3-yl)-

acetylamino]-propionate (27) 

Synthesized utilizing the general procedure 3 described 

above, from 2-aminobenzophenone (0.186 g, 0.94 

mmol), 1-methyl-indole-3-carboxaldehyde (0.15g, 0.94 

mmol), cyanoacetic acid (0.08 g, 0.94 mmol) and ethyl 

isocyanopropionate (0.12 mL, 0.94 mmol) in MeOH (5.0 

mL) to afford 27 (0.149 g, 50%) as a white solid (mp 

267-268°C). IR (cm-1): 3410 (NH), 2232 (CN), 1725 (COO), 1686 (CON); 1H NMR 

(400 MHz, DMSO-d6) δ 8.05 (bs, 1H), 7.83 (d, J = 8.7 Hz, 1H), 7.71 – 7.56 (m, 6H), 

7.56 – 7.47 (m, 2H), 7.45-7.38 (m, 2H), 7.26 – 7.20 (m, 2H), 7.17 (t, J = 7.2 Hz, 1H), 

7.06 (t, J = 7.2 Hz, 1H), 4.03 (q, J = 7.1 Hz, 2H), 3.78 (s, 3H), 3.42 – 3.35 (m, 2H), 2.57-

2.44 (m, 2H), 1.16 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 171.7, 167.7, 

160.1, 159.0, 139.9, 136.5, 134.1, 133.8, 131.3, 130.5, 129.6, 129.4, 129.2, 129.0, 127.8, 

123. 7, 122.1, 120.0, 119.9, 119.0, 117.8, 115.9, 110. 5, 107.1, 106.1, 60.4, 54.1, 35.9, 

34.0, 33.1, 14.5; LRMS (ESI+) m/z 532, 287 [M+ACN+ 2H]2+ 100%. HRMS (ES+) for 

C16H11N2O+ (main fragment); calculated 247.0870, found 247.0870; RP-HPLC 

Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 14.46 min, > 95%. 

 

Ethyl-2-(2-(5-chloro-indole(1H)-3-yl)-2-(3-cyano-2-oxo-4-phenyl-1(2H)-quinolin-yl)-

acetamido)-acetate (28) 

Synthesized utilizing the general procedure 3 described 

above, from 2-aminobenzophenone (0.478 g, 2.4 mmol), 5-

chloro-indole-3-carboxaldehyde (0.434g, 2.4 mmol), 

cyanoacetic acid (0.204 g, 2.4 mmol) and ethyl 

isocyanoacetate (0.271 mL, 2.4 mmol) in MeOH (5.0 mL) 

to afford 28 (0.435 g, 33%) as a yellowish solid  (mp 201–

203°C). IR (cm-1): 3415 (NH), 3406 (NH), 2236 (CN), 1736 (COO), 1671 (CON); 1H 

NMR (400 MHz, DMSO-d6) (isomeric mixture) δ 11.54 (d, J = 1.4 Hz, 1H), 8.53 (s, 

1H), 7.82 (dd, J = 11.9, 5.5 Hz, 2H), 7.71 – 7.61 (m, 4H), 7.61-7.5 (m, 4H), 7.42 (d, J = 
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8.6 Hz, 1H), 7.29 – 7.18 (m, 2H), 7.12 (dd, J = 8.6, 1.7 Hz, 1H), 4.14 (q, J = 7.0 Hz, 2H), 

3.93 (qd, J = 17.2, 5.8 Hz, 2H), 1.22 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) 

δ 170.1, 168.2, 160.4, 159.2, 139.6, 134.6, 134.0, 133.7, 130.5, 129.6 (C x 2), 129.4, 

129.2, 129.0 (C x 2), 128.5, 124.5, 123.8, 122.0, 120.1, 118.3 (Cx2), 118.2, 115.8, 113.8, 

107.8, 106.0, 61.0, 42.0, 14.6; LRMS (ESI+) m/z 538, 292 [M+2Na]2+, 60%. HRMS for 

C30H23ClN4O4; calculated 539.1481, found 539.1481; RP-HPLC Alltima™ C18 5 µm 

150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 14.07 min, >99%. 

 

N-tert-Butyl-2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(5-methyl-1H-indol-3-yl)-

acetamide (29) 

Synthesized utilizing the general procedure 3 described above, 

from 2-aminobenzophenone (0.359 g, 1.83 mmol), 5-methyl-

indole-3-carboxaldehyde (0.290g, 1.83 mmol), cyanoacetic acid 

(0.156 g, 1.83 mmol) and tert-butyl isocyanide (0.207 mL, 1.83 

mmol) in MeOH (5.0 mL) to afford 29 (0.419g, 47%) as a white 

solid (mp 196-198°C). IR (cm-1): 3427 (NH), 2978 (CH), 2228 

(CN), 1650 (CON); 1H NMR (400 MHz, DMSO-d6) (isomeric mixture) δ 11.13 (d, J = 

4.9 Hz, 1H), 7.90 – 7.37 (m, 10H), 7.29-7.16 (m, 4H), 6.92 (d, J = 8.3 Hz, 1H), 4.03 – 

3.87 (m, 1H), 2.34 (s, 3H), 1.57 – 1.20 (m, 3H), 1.20 –0.86 (m, 5H), 0.82-0.60 (m, 3H); 
13C NMR (101 MHz, DMSO-d6) δ 167.5, 166.9, 160.1, 160.1, 159.3, 140.1, 140.1, 

134.6, 134.6, 134.5, 134.1, 133.3, 130.4, 129.4, 129.2, 129.1, 128.2, 128.1, 127.5, 127.5, 

126.8, 126.6, 23.5, 19.9, 118.48, 118.4, 118.3, 116.0, 111.9, 107.9, 107.9, 106.0, 105.9, 

54.5, 54.4, 52.9, 45.4, 45.2, 38.4, 38.2, 27.3, 26.9, 21.9, 21.1, 20.9, 19.6, 19.2, 14.4, 14.2, 

11.2, 10.8; LRMS (ESI-) m/z 488, 243 [M-2H]2+, 90%. HRMS for C31H28N4O2; 

calculated 489.2285, found 489.2283; RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 

mm, 10–100% B in 15 min, Rt = 14.59 min, >95%. 

 

N-tert-Butyl-2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1-methyl-1H-indole-3-yl)-

acetamide (30) 

Synthesized utilizing the general procedure 3 described above, 

from 2-aminobenzophenone (0.311 g, 1.58 mmol), 1-methyl-

indole-3-carboxaldehyde (0.251g, 1.58 mmol), cyanoacetic acid 

(0.134 g, 1.58 mmol) and tert-butyl isocyanide (0.178 mL, 1.58 

mmol) in MeOH (5.0 mL) to afford 29 (0.200 g, 26%) as a white 

solid (mp 232-234°C). IR (cm-1): 3357 (NH), 2979 (CH), 2229 

(CN), 1650 (CO); 1H NMR (400 MHz, DMSO-d6) δ 7.89 (d, J = 8.8 Hz, 1H), 7.68 – 7.46 
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(m, 9H), 7.43 (d, J = 7.8 Hz, 2H), 7.22-7.13 (m, 3H), 7.06 (t, J = 7.4 Hz, 1H), 3.79 (s, 

3H), 1.32 (s, 9H); 13C NMR (101MHz, DMSO-d6) δ 166.66, 160.13, 159.17, 140.28, 

136.75, 134.09, 133.34, 130.54, 130.42, 129.31 (C x 3), 129.15 (C x 2), 127.48, 123.52, 

122.17, 119.99, 119.78, 119.04, 118.55, 115.91, 110.53, 108.04, 105.89, 54.94, 51.57, 

33.09, 28.83 (C x 3); LRMS (ESI+) m/z 488, 243 [M-2H]2+, 100%. HRMS (ES+) for 

C31H28N4O2; calculated 489.2285, found 489.2287; RP-HPLC Alltima™ C18 5µm 150 

mm x 4.6 mm, 10–100% B in 15 min, Rt = 7.03 min, 96%. 

 

7.3.3. Synthesis of the tryptophan and indole based analogues 
(Chapter 4) 
Synthesis of tryptophan derivatives 

2-Amino-N-(4-chlorobenzyl)-3-(1H-indol-3-yl)-propionamide (9) 

A solution of dimethylformamide (DMF) (30.0 mL), Fmoc-L-

tryptophan (3.65 g, 8.55 mmol), HATU (4.88 g, 12.83 mmol) and 4-

chloro-benzylamine (1.04 mL, 8.55 mmol) was stirred at room 

temperature to complete dissolution. To the stirred solution was 

added diisopropylethylamine (DIPEA) (4.46 mL, 25.65 mmol) and 

the reaction mixture was stirred overnight. DMF was then removed and the crude was dissolved 

in ethyl acetate, which was subsequently washed three times by 1M hydrochloric) acid (50.00 

mL) forming milky precipitate. The precipitate without further purification was filtered and 

stirred in 20% piperidine in acetonitrile (20 mL) for three hours. Acetonitrile was subsequently 

removed by evaporation in vacuo and the crude was re-dissolved in ethyl acetate. The ethyl 

acetate solution was washed three times by 1M hydrochloric acid and left for 48 h for 

recrystallization to afford 9 (1.55 g, 50%) as an off white solid (mp. 254.5 − 255 °C). IR (cm-1): 

3253 (NH), 2858 (CH- aliphatics), 1659 (CON), 738 (CH-aromatics). 1H NMR (400 MHz, 

DMSO-d6) δ 11.08 (s, 1H), 9.07 (t, J = 5.8 Hz, 1H), 8.32 (s, 3H), 7.66 (d, J = 7.9 Hz, 1H), 7.40 

(d, J = 8.1 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 2.2 Hz, 1H), 7.10 (dd, J = 15.9, 7.8 

Hz, 3H), 7.01 (t, J = 7.4 Hz, 1H), 4.26 (ddd, JAX = 38.6, JBX = 15.4, JAB = 5.8 Hz, 2H), 4.04 (t, J 

= 7.1 Hz, 1H), 3.22 (ddd, J’AX = 30.8, J’BX = 14.4, J’AB =7.1 Hz, 2H). 13C NMR (400 MHz, 

DMSO-d6) δ 169.0, 137.9, 136.7, 131.9, 129.5 (C x 2), 128.6 (C x 2), 127.5, 125.3, 121.6, 

119.0, 111.9, 107.5, 53.4, 42.0, 31.2, 27.8. LRMS (APCI+) m/z 327, 328 [M+H, 35Cl]+, 100%. 

HRMS (ES+) for C18H18ClN3O, calculated 328.1211, found 328.1210. 
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*Note: Using exactly the same protocol and replacing Fmoc-L-

tryptophan by Fmoc-D-tryptophan affords the D-tryptophan 

derivative 9a which displayed the same chemical and physical 

properties to 11, including NMR spectra.  

 

Synthesis of L-tryptophan derivatives using (9) as the starting material  

N-(4-Chlorobenzyl)-2-[2-(3,4-dichlorophenyl)-acetylamino]-3-(1H-indol-3-yl)-propionamide 

(4) 

General procedure A: A DMF solution (10 mL) of the freshly 

prepared 9 (0.37 g, 1.01 mmol), HATU (0.58 g, 1.52 mmol), and 

(3,4-dichlorophenyl)-acetic acid (0.21 g, 1.01 mmol) was stirred 

at room temperature to complete dissolution. To the stirred 

solution was added DIPEA (0.37 mL, 3.03 mmol) and the reaction 

mixture was stirred overnight. DMF was then removed and the crude material was subjected to 

silica gel column chromatography (1:4 Hexane–EtOAc) to afford 4 (0.18 g, 35%) as a white 

solid (mp 208 − 209 °C). IR (cm-1): 3410 (NH), 3277 (NH), 3068 (CH), 1636 (CON). 1H NMR 

(400 MHz, DMSO-d6) δ 10.84 (s, 1H), 8.56 (t, J = 8.0 Hz, 1H), 8.43 (d, J = 8.1 Hz, 1H), 7.60 

(d, J = 7.9 Hz, 1H), 7.47 (d, J = 8.2 Hz, 1H), 7.42 (d, J = 1.8 Hz, 1H), 7.35 (d, J = 8.1 Hz, 1H), 

7.28 (d, J = 8.4 Hz, 2H), 7.16 – 7.02 (m, 5H), 6.97 (t, J = 7.1 Hz, 1H), 4.59 (dd, J = 8.0, 12.0 

Hz, 1H), 4.24 (ddd, JA’X’ = JB’X’ = 8.0, JA’B’= 16 Hz, 2H), 3.47 (s, 2H), 3.05 (ddd, JAX = 4.0, JBX = 

8.0, JAB = 16.0 Hz, 2H). 13C NMR (101 MHz, DMSO-d6) δ 171.9, 169.6, 138.7, 138.0, 136. 6, 

131.6, 131.5, 131.0, 130.6, 129.8, 129.4, 129.2 (C x 2), 128.5 (C x 2), 127.7, 124.2, 121.4, 

119.0, 118.7, 111.8, 110.4, 54.2, 41.8, 41.2, 28.5. LRMS (ESI+) m/z: 513, 514 [M+H, 35Cl]+, 

95%. HRMS (ES+) for C26H22Cl3N3O2, calculated 514.0850, found 514.0850. RP-HPLC 

Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt =14.31 min, 100%. 

 

N-(4-Chlorobenzyl)-2-[2-(2,4-dichlorophenyl)-acetylamino]-3-(1H-indol-3-yl)-propionamide 

(11) 

Synthesized utilizing the general procedure A described above, 

from 9 (0.152 g, 0.42 mmol), HATU (0.239 g, 0.63 mmol), (2,4-

dichlorophenyl)-acetic acid (0.086 g, 0.42 mmol), and DIPEA 

(0.22 mL, 1.26 mmol) in DMF (5.0 mL) to afford 11 (0.055 g, 
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24%) as an off white solid (mp 207 − 208 ºC). IR (cm-1): 3410 (NH), 3280 (NH), 3065 (CH), 

1642 (CON). 1H NMR (400 MHz, DMSO-d6) δ 10.85 (s, 1H), 8.54 (t, J = 4.0 Hz, 1H), 8.40 (d, 

J = 8.2 Hz, 1H), 7.62 (d, J = 7.8 Hz, 1H), 7.53 (d, J = 2.1 Hz, 1H), 7.36 (d, J = 8.1 Hz, 1H), 

7.33 – 7.23 (m, 3H), 7.12 (ddd, J = 22.2, 12.5, 7.8 Hz, 5H), 6.98 (t, J = 7.4 Hz, 1H), 4.63 (dd, J 

= 8.0, 16.0 Hz, 1H), 4.25 (ddd, JA’X’ = JB’X’ = 4.0, JA’B’= 16 Hz, 2H), 3.60 (s, 2H), 3.07 (ddd, JAX 

= 4.0, JBX= 8.0, JAB= 16.0 Hz, 2H). 13C NMR (101 MHz, DMSO-d6) δ 171.9, 168.9, 138.8, 

136.6, 135.0, 133.9, 133.3, 132.3, 131.6, 129.3 (C x 2), 128.8, 128.5 (C x 2) 127.7, 127.4, 

124.2, 121.3, 119.0, 118.7, 111.7, 110.4, 54.2, 41.8, 31.0, 28.5. LRMS (APCI+) m/z 513, 514 

[M+1H]+ 50%. HRMS (ES+) for C26H22Cl3N3O2, calculated 514.0850, found 514.0850. RP-

HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt =14.38 min, 99.2% 

 

N-(4-Chlorobenzyl)-2-[2-(2,6-dichlorophenyl)-acetylamino]-3-(1H-indol-3-yl)-propionamide 

(12) 

Synthesized utilizing the general procedure A described above, 

from 9 (0.148 g, 0.41 mmol), HATU (0.228 g, 0.6 mmol), (2,6-

dichlorophenyl)-acetic acid (0.082 g, 0.41 mmol) and DIPEA (0.21 

mL, 1.2 mmol) in DMF (5.0 mL) to afford 12 (0.08 g, 40%) as a 

white solid (mp 265 − 256 ºC). IR (cm-1): 3410 (NH), 3292 (NH), 

3252 (NH), 1641 (CON). 1H NMR (400 MHz, DMSO-d6) δ 10.85 

(s, 1H), 8.49 (t, J = 4.0 Hz, 1H), 8.40 (d, J = 8.2 Hz, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.41 (d, J = 

7.9 Hz, 2H), 7.34 (d, J = 8.1 Hz, 1H), 7.28 (ddd, J = 8.6, 4.7, 2.5 Hz, 3H), 7.13 (d, J = 2.2 Hz, 

1H), 7.11 – 7.03 (m, 3H), 7.00 – 6.94 (m, 1H), 4.60 (dd, J = 8.0 Hz, 1H), 4.24 (ddd, JA’X’ = 8.0, 

JB’X’ = 4.0, JA’B’= 16 Hz, 2H), 3.84 (q, J = 16.3 Hz, 2H), 3.07 (ddd, JAX = 6, JBX = 8.0, JAB= 12 

Hz, 2H). 13C NMR (101 MHz, DMSO-d6) δ 171.9, 167.8, 138.7, 136.5, 136.0 (Cx2), 133.1, 

131.6, 129.6, 129.2 (C x 2), 128.5 (C x 2), 128.5 (C x 2), 127.8, 124.1, 121.3, 118.9, 118.7, 

111.7, 110.4, 54.3, 41.8, 37.9, 28.6. LRMS (ESI+) m/z 513, 514 [M+H]+ 95%. HRMS (ES+) for 

C26H22Cl3N3O2, calculated 514.0850, found 514.0850. RP-HPLC Alltima™ C18 5 µm 150 mm 

x4.6 mm, 10–100% B in 15 min, Rt = 6.54 min, 100% 

 

N-(4-Chlorobenzyl)-2-[2-(4-chlorophenyl)-acetylamino]-3-(1H-indol-3-yl)-propionamide (13) 

Synthesized utilizing the general procedure A described above, 

from 9 (0.142 g, 0.39 mmol), HATU (0.223 g, 0.59 mmol), (4-

chlorophenyl)-acetic acid (0.067 g, 0.39 mmol) and DIPEA (0.20 
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mL, 1.17 mmol) in DMF (5.0 mL) to afford 13 (0.06 g, 32%) as a white solid (mp 205.2 − 206.3 

ºC). IR (cm-1): 3410 (NH), 3292 (NH), 3061 (CH), 1635 (CON). 1H NMR (400 MHz, DMSO-

d6) δ 10.84 (s, 1H), 8.55 (t, J = 6.0 Hz, 1H), 8.38 (d, J = 8.2 Hz, 1H), 7.60 (d, J = 7.9 Hz, 1H), 

7.36 (d, J = 8.1 Hz, 1H), 7.32 – 7.21 (m, 4H), 7.16 – 7.01 (m, 6H), 7.01 – 6.90 (m, 1H), 4.59 

(dd, J = 8 Hz, 1H), 4.23 (ddd, JA’X’ = 8, JB’X’ = 6.0, JA’B’= 16 Hz, 2H), 3.44 (dd, J = 19.8, 14.4 

Hz, 2H), 3.05 (ddd, JAX = 6, JBX = 8, JAB = 16 Hz, 2H). 13C NMR (101 MHz, DMSO-d6) δ 172.0, 

170.0, 138.7, 136.6, 135.8, 131.6, 131.4, 131.3 (C x 2), 129.2 (C x 2), 128.5 (C x 2), 128.4 (C x 

2), 127.7, 124.2, 121.4, 119.0, 118.7, 111.7, 110.4, 54.1, 41.8, 41.7, 28.5. LRMS (ESI+) m/z 

479, 480 [M+H]+, 100%. HRMS (ES+) for C26H23Cl2N3O2, calculated 480.1240, found 

480.1240. RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 13.69 

min, 100% 

 

1H-Indole-2-carboxylic acid [1-(4-chlorobenzylcarbamoyl)-2-(1H-indol-3-yl)-ethyl]-amide 

(14_ L-isomer) 

Synthesized utilizing the general procedure A described above, 

from 9 (0.142 g, 0.40 mmol), HATU (0.227 g, 0.60 mmol), 1H-

indole-2-carboxylic acid (0.064 g, 0.40 mmol) and DIPEA (0.21 

mL, 1.19 mmol) in DMF (5.0 mL) to afford 14 (0.097 g, 50%) as a 

white solid (mp 229.5 − 230.7 ºC). IR (cm-1): 3422 (NH), 3381 

(NH), 3316 (NH), 1630 (CON). 1H NMR (400 MHz, DMSO-d6) δ 

11.53 (s, 1H), 10.80 (s, 1H), 8.70 (t, J = 6.0 Hz, 1H), 8.57 (d, J = 8.1 Hz, 1H), 7.71 (d, J = 7.8 

Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 8.2 Hz, 1H), 7.33 (dd, J = 7.7, 5.5 Hz, 3H), 7.25 

– 7.14 (m, 5H), 7.09 – 6.96 (m, 3H), 4.80 (dd, J = 9.2, 5.0 Hz, 1H), 4.31 (dd, JA’X’ =JB’X’ = 6.0, 

JA’B’= 16.0 Hz, 2H), 3.24 (ddd, JAX = 5.0, JBX = 9.6, JAB = 14.4 Hz, 2H). 13C NMR (101 MHz, 

DMSO-d6) δ 172.3, 161.5, 138.9, 136.9, 136.5, 131.7, 129.3 (C x 2), 128.6 (C x 2), 127.7, 

127.5, 124.3, 123.8, 122.0, 121.4, 120.2, 119.0, 118.7, 112.7, 111.8, 110.8, 103.8, 54.5, 41.9, 

28.2 LRMS (APCI+) m/z 470, 471 [M+1H]+, 90%. HRMS (ES+) for C27H23ClN4O2 calculated 

471.1582, found 471.1582. RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 

15 min, Rt = 13.35 min, 100%. 
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1H-Indole-2-carboxylic acid [1-(4-chlorobenzylcarbamoyl)-2-(1H-indol-3-yl)-ethyl]-amide 

(14a_ D-isomer) 

Synthesized utilizing the general procedure A described above, 

from 9a (0.249 g, 0.69 mmol), HATU (0.39 g, 1.03 mmol), 1H-

indole-2-carboxylic acid (0.11 g, 0.69 mmol) and DIPEA (0.36 mL, 

2.05 mmol) in DMF (5.0 mL) to afford 14a (0.156 g, 48%) as a 

white solid (mp 227 − 227.5 ºC). IR (cm-1): 3420 (NH), 3382 (NH), 

3325 (NH), 1630 (CONH), 1656 (CON), 737 (CH-aromatics). 1H 

NMR (400 MHz, DMSO-d6) δ 11.53 (s, 1H), 10.81 (d, J = 1.6 Hz, 1H), 8.71 (t, J = 6.0 Hz, 1H), 

8.58 (d, J = 8.1 Hz, 1H), 7.72 (d, J = 7.8 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.45 – 7.39 (m, 1H), 

7.37 – 7.30 (m, 3H), 7.26 – 7.14 (m, 5H), 7.11 – 6.95 (m, 3H), 4.82 (dd, J = 9.2, 5.2 Hz, 1H), 

4.32 (dd, JA’X’ =JB’X’ = 6.0, JA’B’= 16.0 Hz, 2H), 3.23 (ddd, JAX = 5.2, JBX = 9.6, JAB = 14.4 Hz, 

2H). 13C NMR (101 MHz, DMSO-d6) δ 172.3, 161.5, 138.9, 136.9, 136.6, 131.8, 131.7, 129.3 

(C x 2), 128.6 (C x 2), 127.7, 127.5, 124.3, 123.8, 122.0, 121.4, 120.2, 119.0, 118.7, 112.7, 

111.8, 110.8, 103.9, 54.5, 42.0, 28.2. LRMS (ESI+) 470, 470 [M+H, 35Cl]+, 80%. HRMS (ES+) 

for C27H23ClN4O2 calculated 471.1582. RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–

100% B in 15 min, Rt = 6.44 min, 100% 

 

Naphthalene-1-carboxylic acid [1-(4-chlorobenzylcarbamoyl)-2-(1H-indol-3-yl)-ethyl]-amide 

(15) 

Synthesized utilizing the general procedure A described above, 

from 9 (0.105 g, 0.29 mmol), HATU (0.17 g, 0.43 mmol), 

naphthalene-1-carboxylic acid (0.05 g, 0.29 mmol) and DIPEA 

(0.15 mL, 0.87 mmol) in DMF (5.0 mL) to afford 15 (0.057 g, 41%) 

as a white solid (mp 165.7 − 166.5 ºC). IR (cm-1): 3398 (NH), 3268 

(bp NH), 3049 (CH), 1627 (CON), 739 (CH-aromatics). 1H NMR 

(400 MHz, DMSO-d6) δ 10.89 (s, 1H), 8.73−8.67 (m, 2H) (overlapped two NH amides), 8.02 – 

7.86 (m, 3H), 7.74 (d, J = 7.8 Hz, 1H), 7.57 – 7.47 (m, 3H), 7.47 – 7.32 (m, 4H), 7.27 (d, J = 8.5 

Hz, 3H), 7.11 (dd, J = 11.1, 3.9 Hz, 1H), 7.02 (dd, J = 11.0, 3.9 Hz, 1H), 4.93 (ddd, J = 9.3, 5.2 

Hz, 1H), 4.37 (ddd, JA’X’ =JB’X’ = 8.0, JA’B’= 16.0 Hz, 2H), 3.23 (ddd, JAX = 5.2, JBX= 9.6, JAB = 

14.4 Hz, 2H). 13C NMR (101 MHz, DMSO-d6) δ 172.3, 169.0, 139.0, 136.7, 135.0, 133.5, 

131.7, 130.2 (C x 2), 129.4 (C x 2), 128.6 (C x 3), 127.8, 126.9, 126.6, 126.0, 125.8, 125.3, 

124.4, 121.4, 119.1, 118.7, 111.8, 110.7, 54.8, 42.0, 28.1. LRMS (APCI+) m/z 481, 482 [M+H, 
35Cl]+, 90%. HRMS (ES+) for C29H24ClN3O2, calculated 482.1630, found 482.1630. RP-HPLC 

Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 13.62 min, 99.1% 
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4-Benzoyl-N-[1-(4-chlorobenzylcarbamoyl)-2-(1H-indol-3-yl)-ethyl]-benzamide (16) 

Synthesized utilizing the general procedure A described above, 

from 9 (0.179 g, 0.49 mmol), HATU (0.28 g, 0.74 mmol), 4-

benzoylbenzoic acid (0.11 g, 0.49 mmol) and DIPEA (0.26 mL, 

1.48 mmol) in DMF (5.0 mL) to afford 16 (0.127 g, 45%) as a white 

solid (mp 202 − 202.5 ºC). IR (cm-1): 3440 (NH), 3304 (NH), 1662 

(CO), 1632 (CON), 743 (CH-aromatics). 1H NMR (400 MHz, 

DMSO-d6) δ 10.80 (s, 1H), 8.80 (d, J = 8.0 Hz, 1H), 8.68 (t, J = 5.9 

Hz, 1H), 8.00 (d, J = 8.4 Hz, 2H), 7.81 – 7.66 (m, 6H), 7.58 (t, J = 7.6 Hz, 2H), 7.33 (dd, J = 

8.2, 3.5 Hz, 3H), 7.21 (dd, J = 9.2, 5.3 Hz, 3H), 7.03 (dt, J = 30.0, 7.0 Hz, 2H), 4.81 (dd, J = 

9.3, 5.2 Hz, 1H), 4.30 (ddd, JA’X’ = 5.6, JB’X’ = 4.4, JA’B’= 15.6 Hz, 2H), 3.25 (ddd, JAX = 5.2, JBX 

= 9.7, JAB = 14.4 Hz, 2H). 13C NMR (101 MHz, DMSO-d6) δ 195.9, 172.1, 166.0, 139.7, 138.9, 

137.8, 137.1, 136.6, 133.5, 131.7, 130.2 (C x 2), 129.8 (C x 2), 129.3 (C x 2), 129.1 (C x 2), 

128.6 (C x 2), 128.2 (C x 2), 127.7, 124.2, 121.4, 119.0, 118.7, 111.8, 110.8, 55.0, 42.0, 28.0. 

LRMS (APCI+) m/z 535, 536 [M+H, 35Cl]+, 20%. HRMS (ES+), for C32H26ClN3O3, calculated 

536.1735, found 536.1735. RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 

15 min, Rt = 14.14 min, 100% 

 

N-[1-(4-Chlorobenzylcarbamoyl)-2-(1H-indol-3-yl)-ethyl]-3,3,3-trifluoro-2-methoxy-2-phenyl-

propionamide (17) 

Synthesized utilizing the general procedure A described above, 

from 9 (0.157 g, 0.43 mmol), HATU (0.25 g, 0.65 mmol), 3,3,3-

trifluoro-2-methoxy-2-phenylpropionic acid (0.10 g, 0.43 mmol) 

and DIPEA (0.23 mL, 1.30 mmol) in DMF (5.0 mL) to afford 17 

(0.171 g, 45%) as a white solid (mp 171− 172 ºC). IR (cm-1): 3310 

(bp,NH), 2925 (CH), 1657 (CON), 741 (CH-aromatics). 1H NMR 

(400 MHz, DMSO-d6) δ 10.82 (s, 1H), 8.70 (t, J = 8.0 Hz, 1H), 8.17 (d, J = 8.5 Hz, 1H), 7.62 

(d, J = 7.9 Hz, 1H), 7.43 – 7.32 (m, 4H), 7.30 – 7.18 (m, 4H), 7.13 – 7.01 (m, 3H), 7.01 – 6.90 

(m, 2H), 4.81 (dd, J = 8.0, 4.0 Hz, 1H), 4.32 (ddd, JA’X’ = 6.0, JB’X’ = 8.0, JA’B’= 16.0 Hz, 2H), 

3.27 (s, 3H), 3.15 (ddd, JAX = 4, JBX = 8, JAB = 16.0 Hz, 2H). 13C NMR (101 MHz, DMSO-d6) δ 

171.4, 165.6, 138.6, 136.6, 132.8, 131.8, 129.8, 129.4 (C x 4), 128.7 (C x 2), 128.6 (C x 4), 

127.8, 124.4, 121.4, 119.0, 118.7, 111.7, 109.9, 84.4, 84.2, 83.9, 83.7, 55.2, 53.8, 42.0, 28.1. 

[*Note: CF3 splitting is detected at 84.0 ppm (q, J = 25.3 Hz) (italic numbers)]. LRMS (APCI+) 
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m/z 543, 544 [M+H, 35Cl]+, 50%. HRMS (ES+) for C28H25ClF3N3O3, calculated 543.1646, 

found 544.1611. RP-HPLC Alltima™ C18 5µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 

14.53, 100% 

 

Synthesis of benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine derivatives 

Naphthalene-1-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amide 

(5) 

General procedure B: A DMF solution (10 mL) of benzo[1,3]dioxol-5-

ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine hydrobromide (18) (0.138 g, 

0.37 mmol), HATU (0.21 g, 0.55 mmol), and naphthalene-1-carboxylic 

acid (0.063 g, 0.37 mmol) was stirred at room temperature to complete 

dissolution. To the stirred solution was added DIPEA (0.19 mL, 1.10 

mmol) and the reaction mixture was stirred overnight. DMF was then 

removed and the crude material was subjected to silica gel column 

chromatography (1:4 Hexane–EtOAc) to afford 5 (0.11 g, 67%) as a white solid (mp 199 − 200 

°C). IR (cm-1): 3215 (NH), 1608 (CON), 743 (CH- aromatics). *Proton and carbon spectra 

displays an atropisomeric property of compound 7, with the approximate ratio 1:0.66 

calculated based on the proton benzodioxole CH2 peaks at 6.05 and 5.97 ppm, respectively. As 

the mixture cannot be separated forming 1 HPLC peak, the question as to which atropisomer is 

dominant or less remains to be determined. As the spectra is complex with both splitting and 

overlapping, the proton NMR is reported separately for splitting peaks where possible. In case 

of complex overlapping (aromatic region), the proton NMR is assigned as a whole. Carbon 

peaks are all included. This format will be applied to all atropisomeric mixtures. 1H NMR (400 

MHz, DMSO-d6) δ 10.91 (s, 0.67H), 10.71 (s, 1H), 8.07 – 7.89 (m, 3.33H), 7.75 – 7.64 (m, 1H), 

7.64 – 7.44 (m, 7H), 7.42 – 7.16 (m, 3.3H), 7.14 – 7.06 (m, 1.67H), 7.06 – 6.78 (m, 5.33H), 

6.71 – 6.56 (m, 2.33H), 6.39 (d, J = 7.9 Hz, 1H), 6.05 (s, 2H), 5.97 (s, 1.33H), 5.01 – 4.70 (m, 

2H), 4.26 −4.02 (m, 2H), 3.43 (d, J = 20.9 Hz, 0.67H), 3.26 – 2.98 (m, 3.33H), 2.91 −2.66 (m, 

2H). 13C NMR (101 MHz, DMSO-d6) δ 170.4, 170.0, 148.0, 148.0, 147.1, 147.0, 136.8, 136.4, 

135.1, 135.0, 133.5 133.4, 132.3, 130.7, 129.5, 129.2, 129.0, 128.9, 128.9, 127.7, 127.5, 127.1, 

126.9, 125.8, 125.0, 124.7, 124.1, 123.6, 123.3, 122.1, 121.5, 121.3, 121.1, 118.9, 118.8, 118.5, 

118.0, 111.9, 111.8, 111.7, 110.7, 109.1, 108.8, 108.7, 108.1, 101.5, 51.8, 49.2, 47.1, 44.5, 24.9, 

23.1. LRMS (APCI +) m/z 448, 449 [M+1H]+, 100%. HRMS (ES+) for C29H24N2O3, calculated 

449.1860, found 449.1859. RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 

15 min, Rt = 18.06 min, 100%. 
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1H-Indole-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amide (20) 

Synthesized utilizing the general procedure B described above, from 

benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine 

hydrobromide (20)  (0.18 g, 0.48 mmol), HATU (0.27 g, 0.72 mmol), 

1H-Indole-2-carboxylic acid (0.077 g, 0.48 mmol) and DIPEA (0.25 

mL, 1.43 mmol) in DMF (5.0 mL) to afford 20 (0.14 g, 67%) as a 

white solid (mp 198 − 199 ºC). IR (cm-1): 3440 (NH), 3274 (NH), 

1620 (CON), 742 (CH-aromatics). 1H NMR (400 MHz, DMSO-d6) δ 11.72 (s, 1H), 10.86 (s, 

1H), 7.72 – 7.29 (m, 4H), 7.20 (dd, J = 9.2, 4.8 Hz, 2H), 7.13 – 6.58 (m, 7H), 6.01 (s, 2H), 4.81 

(bs, 2H), 3.76 (bs, 2H), 3.09 (s, 2H). 13C NMR (101 MHz, DMSO-d6) δ 163.7, 148.1, 147.0, 

136.7, 136.4, 131.9, 130.5, 127.5, 123.8, 123.3, 121.9, 121.5, 120.2, 118.8, 118.7, 112.5, 111.9, 

111.2, 108.8, 107.7, 103.7, 101.5, 52.4, 48.6, 47.7, 24.7, 23.3. LRMS (APCI+) m/z 437, 438 

[M+1], 70%. HRMS (ES+) for C27H23N3O3, calculated 438.1812, found 439.1811. RP-HPLC 

Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 14.68 min, 100%. 

 

Benzo[b]thiophene-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-

amide (21) 

Synthesized utilizing the general procedure B described above, from 

benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine 

hydrobromide (18)  (0.183 g, 0.49 mmol), HATU (0.28 g, 0.73 

mmol), benzo[b]thiophene-2-carboxylic acid (0.087 g, 0.49 mmol) 

and DIPEA (0.25 mL, 1.46 mmol) in DMF (5.0 mL) to afford 21 

(0.12 g, 53%) as a white solid (mp 166 − 167 ºC). IR (cm-1): 3331 

(NH), 1627 (CON), 738 (CH-aromatics). 1H NMR (400 MHz, DMSO-d6) δ 10.85 (s, 1H), 8.00 

(d, J = 8.2 Hz, 1H), 7.81 (s, 1H), 7.70 – 6.64 (m, 11H), 6.02 (s, 2H), 4.73 (s, 2H), 3.65 (s, 2H), 

3.12 – 2.91 (m, 2H). 13C NMR (101 MHz, DMSO-d6) δ 164.5, 148.1, 147.0, 139.7, 139.1, 

137.7, 136.6, 131.5, 127.5, 126.32, 125.3 (C x 2), 125.2, 123.5, 122.9, 121.5 (C x 2), 118.7 (C x 

2), 118.6, 111.9, 110.9, 108.8, 101.5, 49.6, 48.4, 24.7. LRMS (APCI+) m/z 454, 455 [M+H]+, 

100%. HRMS (ES+) for C27H22N2O3S, calculated 455.1424, found 455.1423. RP-HPLC 

Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 14.97 min, 100%.  

  

N
H

N

O
O

O

H
N

C27H23N3O3

N
H

N

O
O

O

S

C27H22N2O3S



132 
 

Benzofuran-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amide 

(22) 

Synthesized utilizing the general procedure B described above, from 

benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine 

hydrobromide (18) (0.212 g, 0.57 mmol), HATU (0.32 g, 0.85 mmol), 

benzofuran-2-carboxylic acid (0.091 g, 0.57 mmol) and DIPEA (0.30 

mL, 1.69 mmol) in DMF (5.0 mL) to afford 22 (0.156 g, 63%) as a 

white solid (mp 173 − 173.6 ºC). IR (cm-1): 3316 (NH), 1627 (CON), 

737 (CH-aromatics). 1H NMR (400 MHz, DMSO-d6) δ 10.83 (s, 1H), 7.72 (d, J = 5.8 Hz, 1H), 

7.62 (d, J = 8.3 Hz, 1H), 7.58 – 7.26 (m, 5H), 7.19 – 6.71 (m, 6H), 6.01 (s, 2H), 4.72 (s, 2H), 

3.91 −3.51 (m, 2H), 3.05 (s, 2H). 13C NMR (101 MHz, DMSO-d6) δ 154.4, 149.3, 148.0, 147.0, 

136.7, 131.7, 129.0, 127.4, 127.2, 126.9, 124.1, 123.6, 122.9, 122.0, 121.4, 118.7, 118.5, 112.2, 

111.9, 111.1, 109.0, 108.8, 101.5, 48.7, 48.8, 25.1. LRMS (APCI+/-) m/z 438, 439 [M+H]+, 

100%. HRMS (ES+) for C27H22N2O4, calculated 439.1652, found 439.1652. RP-HPLC 

Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 7.12 min, 100%. 

 

N-Benzo[1,3]dioxol-5-ylmethyl-4-chloro-N-[2-(1H-indol-3-yl)-ethyl]-benzamide (23) 

Synthesized utilizing the general procedure B described above, from 

benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine 

hydrobromide (18) (0.134 g, 0.36 mmol), HATU (0.205 g, 0.53 mmol), 4-

chlorobenzoic acid (0.056 g, 0.36 mmol) and DIPEA (0.187 mL, 1.08 

mmol) in DMF (5.0 mL) to afford 23 (0.09 g, 58%) as a white solid (mp 

132 − 133 ºC). IR (cm-1): 3203 (NH), 1626 (CON), 1500 (C=C aromatic), 

1251 (C-N), 747 (C-H aromatic). This is a mixture of atropisomers of 

compound 25 with the ratio approximately 2.0 : 1.2 calculated on the CH2  splitting peaks at 

2.93 and 2.84 ppm of the proton NMR. The exact structure for each of the atropisomer remains 

to be confirmed. As the spectra are complex with both splitting and overlapping, the proton 

NMR is reported separately for splitting peaks where possible. In case of complex overlapping 

(aromatic region), the proton NMR is assigned as a whole. 1H NMR (400 MHz, DMSO-d6) δ 

10.89 (s, 1H), 10.78 (s, 0.6H), 7.53 −7.45 (m, 1.7H), 7.40 – 7.32 (m, 2.6H), 7.32 – 7.26 (m, 

2.4H), 7.23 (d, J = 8.4 Hz, 1.2H), 7.14 (d, J = 1.9 Hz, 1H), 7.11 −7.90 (m, 6H), 6.87 (m, 1.6H), 

6.81 – 6.63 (m, 3.3H), 6.00 (s, 1.2H), 5.98 (s, 2H), 4.52 (s, 2H), 4.48 (s, 1.2H), 3.75 (s, 1.1H), 

3.53 (s, 2.1H), 3.52 −3.43 (m, 3.2H), 2.92 (t, J = 7.2 Hz, 2H), 2.88 – 2.79 (m, 1.2H). 13C NMR 

(101 MHz, DMSO-d6) δ 170.1 and 170.0 (C x 1), 147.6 and 147.4 (C x 1)), 146.5 and 146.3 (C 

x 1), 136.2 (C x 1), 135.1 and 135.0 (C x 1), 132.1, 131.3 and 131.2 (C x 2), 131.1 and 130.9 (C 
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x 1), 128.1 and 127.9 (C x 1), 127.1 and 127.0 (C x 1), 123.4, 122.7, 121.2 and 121.1 (C x 1), 

120.9 and 120.2 (C x 1, 118.5 and 118.3 (C x 1), 118.2 and 118.1 (C x 1), 111.5 and 111.4 (C x 

1), 110.9, 108.3 and 108.1 (C x 1), 107.4, 101.0 and 100.9 (C x 1), 50.8 and 47.1 (C x 1), 47.5 

and 46.4 (C x 1), 38.9 and 38.3 (C x 1), 23.8 and 23.0 (C x 1). LRMS (APCI+) m/z 446, 447 

[M+H, 35Cl]+ 100%. HRMS (ES+) calculated for C26H23ClN2O3 446.1397, found 447.1467. RP-

HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 14.76 min, 100%. 

 

N-Benzo[1,3]dioxol-5-ylmethyl-2,6-dichloro-N-[2-(1H-indol-3-yl)-ethyl]-benzamide (24) 

Synthesized utilizing the general procedure B described above, from 

benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine 

hydrobromide (18) (0.123 g, 0.33 mmol), HATU (0.186 g, 0.49 mmol), 

(2,6-dichlorophenyl)-acetic acid (0.067 g, 0.33 mmol) and DIPEA (0.17 

mL, 0.98 mmol) in DMF (5.0 mL) to afford 24 (0.100 g, 65%) as a white 

solid (mp 157 − 158 ºC). IR (cm-1): 3280 (NH), 2937 (CH), 1626 (CON), 

739 (CH-aromatics). This is a mixture of atropisomers of compound 24 with the ratio 

approximately 2.0 : 1.3 calculated on the CH2 splitting peaks at 5.99 and 6.02 ppm of the 

proton NMR. 1H NMR (400 MHz, DMSO-d6) δ 10.90 (s, 1H), 10.80 (s, 0.7H), 7.59 – 7.25 (m, 

8.3H), 7.21 (d, J = 2.2 Hz, 1H), 7.10 (s, 0.3H), 7.07 (dd, J = 15.0, 8.0 Hz, 2H), 7.03 – 6.91 (m, 

2.3H), 6.88 (d, J = 7.7 Hz, 1.7H), 6.83 – 6.75 (m, 2.7H), 6.02 (s, 1.3H), 5.99 (s, 2H), 4.61 (s, 

1.3H), 4.53 (s, 2H), 4.04 (s, 1.3H), 3.87 (s, 2H), 3.65 (t, J = 7.2 Hz, 2H), 3.58 – 3.44 (m, 1.3H), 

3.04 (t, J = 7.1 Hz, 2H), 2.97 – 2.80 (m, 1.3H). 13C NMR (101 MHz, DMSO-d6) δ 168.2, 168.0, 

148.1, 147.9, 147.0, 146.8, 136.8, 136.7, 135.9, 135.9, 133.7, 133.6, 132.5, 131.8, 129.6, 129.5, 

128.5, 128.4, 127.6, 127.5, 124.0, 123.2, 121.5, 121.4, 120.5, 118.9, 118.7, 118.7, 118.5, 112.0, 

111.8, 111.1, 108.9, 108.6, 107.8, 101.5, 101.4, 51.1, 47.9, 47.7, 47.5, 36.7, 35.9, 24.2, 23.6. 

LRMS (ESI+) m/z 480, 481[M+H, 35Cl]+, 100%. HRMS (ES+) calculated for C26H22Cl2N2O3 

480.1007, found 481.1080. RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10–100% B in 

15 min, Rt = 18.81 min, 100%. 

 

N-Benzo[1,3]dioxol-5-ylmethyl-4-benzoyl-N-[2-(1H-indol-3-yl)-
ethyl]-benzamide (25) 

Synthesized utilizing the general procedure B described above, 

from benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine 

hydrobromide (18) (0.143 g, 0.38 mmol), HATU (0.22 g, 0.57 

mmol), 4-benzoylbenzoic acid (0.086 g, 0.38 mmol) and DIPEA 
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(0.20 mL, 1.14 mmol) in DMF (5.0 mL) to afford 25 (0. 077 g, 40%) as a white solid (mp 181.2 

− 181.7 ºC). IR (cm-1): 3191 (NH), 2990 (CH), 1643 (CON), 742 (CH-aromatics). This is a 

mixture of atropisomers of compound 25 with the ratio approximately 2.0 : 0.9 calculated on 

the CH2 splitting peaks at 4.75 and 6.02 ppm of the proton NMR. 1H NMR (400 MHz, DMSO-

d6) δ 10.83 (d, J = 10.1 Hz, 1.5H), 7.85 – 7.66 (m, 5.5H), 7.58 (dt, J = 18.2, 8.8 Hz, 6.5H), 7.41 

– 7.17 (m, 4H), 7.11 – 6.85 (m, 7.5H), 6.84 – 6.56 (m, 2H), 6.01 (d, J = 13.2 Hz, 3H), 4.75 (s, 

2H), 4.32 (s, 0.9H), 3.60 (d, J = 7.1 Hz, 1H), 3.36 – 3.30 (overlapped by water) (m, 2.5H), 3.03 

(d, J = 7.1 Hz, 1H), 2.88 (t, J = 7.1 Hz, 2H). 13C NMR (101 MHz, DMSO-d6) δ 195.6, 170.6, 

148.0, 146.9, 140.9, 137.4, 137.2, 136.6, 133.4, 132.0, 130.1, 130.0, 129.1, 127.4, 127.1, 126.8, 

123.7, 121.8, 121.4, 118.7, 118.6, 118.1, 111.9, 110.8, 108.8, 108.7, 101.4, 52.4, 49.1, 46.9, 

45.5, 24.2, 23.1. LRMS (APCI+/-) m/z 502, 503 [M+H]+, 100%. HRMS (ES+) for C32H26N2O4, 

calculated 503.1965, found 503.1964. RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10–

100% B in 15 min, Rt = 17.71 min, 100 %. 

 

5-Methyl-pyrazine-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-

amide (26) 

Synthesized utilizing the general procedure B described above, from 

benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine 

hydrobromide (18) (0.197 g, 0.53 mmol), HATU (0.30 g, 0.79 mmol), 

5-methylpyrazine-2-carboxylic acid (0.072 g, 0.53 mmol) and DIPEA 

(0.28 mL, 1.58 mmol) in DMF (5.0 mL) to afford 26 (0. 047 g, 22%) as 

a white solid (mp 132 − 133 ºC). IR (cm-1): 3316 (NH), 1632 (CON), 

1632 (CON), 739 (CH-aromatic). This is a mixture of atropisomers of compound 26 with the 

ratio approximately 2 : 1 calculated on the CH2 splitting peaks at 4.71 and 4.46 ppm of the 

proton NMR. 1H NMR (400 MHz, DMSO-d6) δ 10.83 (s, 0.5H), 10.77 (s, 1H), 8.75 (d, J = 1.2 

Hz, 0.5H), 8.56 (s, 0.5H), 8.34 (s, 1H), 8.19 (d, J = 1.3 Hz, 1H), 7.52 (d, J = 7.8 Hz, 0.5H), 7.34 

(d, J = 8.1 Hz, 0.7H), 7.25 (d, J = 8.1 Hz, 1.2H), 7.16 (d, J = 2.0 Hz, 0.7H), 7.11 – 7.02 (m, 

1.8H), 7.02 – 6.79 (m, 8H), 6.75 (d, J = 7.9 Hz, 0.5H), 6.01 (s, 2H), 5.99 (s, 0.8H), 4.71 (s, 2H), 

4.46 (s, 1H), 3.60 (dt, J = 15.8, 7.5 Hz, 3.2H), 2.92 (dt, J = 13.8, 7.5 Hz, 3.2H), 2.54 (s, 1.8H), 

2.41 (s, 3.2). 13C NMR (101 MHz, DMSO-d6) δ 167.2, 166.8, 155.0, 154.2, 147.9, 147.4, 147.1, 

147.0, 146.9, 143.7, 143.2, 143.0, 142.0, 136.7, 136.6, 131.9, 131.3, 127.6, 127.1, 123.6, 123.3, 

121.8, 121.6, 121.5, 121.3, 118.7, 118.5, 118.1, 111.9, 111.7, 110.9, 108.8, 108.7, 108.6, 108.5, 

101.5, 101.4, 52.0, 48.6, 47.8, 46.192, 24.4, 23.1, 21.7, 21.5. LRMS (APCI +/-) m/z 414, 415 

[M+H]+, 100%. HRMS (ES+) for C24H22N4O3, calculated 415.1765, found 415.1761. RP-HPLC 

Alltima™ C18 5 M 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 12.40 min, 100%. 
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5-Methoxy-1H-indole-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-

amide (27) 

Synthesized utilizing the general procedure B described above, from 

benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine 

hydrobromide (18) (0.193 g, 0.51 mmol), HATU (0.29 g, 0.77 

mmol), 5-methoxy-1H-indole-2-carboxylic acid (0.098 g, 0.51 

mmol) and DIPEA (0.27 mL, 1.54 mmol) in DMF (5.0 mL) to 

afford 27 (0. 149 g, 62%) as an off white solid (mp 202 − 202.5  

ºC). IR (cm-1): 3439 (NH), 3258 (NH), 1612 (CON), 1450 (C-C 

ring), 738 (C-H aromatics). 1H NMR (400 MHz, DMSO-d6) δ 11.57 (s, 1H), 10.86 (s, 1H), 

7.68-7.26 (m, 3H), 7.19 (s, 1H), 7.13 – 6.48 (m, 8H), 6.01 (s, 2H), 4.81 (s, 2H), 3.73 (s, 5H), 

3.08 (s, 2H). 13C NMR (101 MHz, DMSO-d6) δ 163.6, 154.2, 148.1, 146.9, 136.7, 132.0, 131.6, 

130.8, 127.8, 127.6, 123.3, 121.5 (C x 2), 118.8 (C x 2), 115.0, 113.4, 111.9, 108.8, 103.5 (C x 

2), 102.4, 101.5, 65.4, 55.7, 48.5, 48.1, 23.6. LRMS (ESI+) m/z 467, 467 [M]+, 100%. HRMS 

(ES+) for C28H25N3O4, calculated 468.1918, found 468.1919. RP-HPLC Alltima™ C18 5 m 

150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 6.92 min, 100%. 

 

5-Chloro-1H-indole-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-

amide (28) 

Synthesized utilizing the general procedure B described above, 

from benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine 

hydrobromide (18) (0.21 g, 0.56 mmol), HATU (0.32 g, 0.83 

mmol), 5-chloro-1H-indole-2-carboxylic acid (0.11 g, 0.56 mmol) 

and DIPEA (0.29 mL, 1.69 mmol) in DMF (5.0 mL) to afford 28 

(0.17 g, 64%) as an off white solid (mp 194 − 194.5  ºC). IR (cm-1): 

3433 (NH), 3265 (NH), 1612 (CON), 739 (CH-aromatics). 1H NMR (400 MHz, DMSO-d6) δ 

11.93 (s, 1H), 10.87 (s, 1H), 7.73 – 7.26 (m, 4H), 7.25 – 7.13 (m, 2H), 7.08 (t, J = 7.5 Hz, 1H), 

7.02 – 6.60 (m, 5H), 6.02 (s, 2H), 4.79 (br.s, 2H), 3.74 (br.s, 2H), 3.08 (s, 2H). 13C NMR (101 

MHz, DMSO-d6) δ 163.4, 148.1, 147.0, 136.7, 134.8, 132.1, 128.5, 127.5, 124.7, 123.9 (C x 2), 

123.4, 121.5, 121.4, 121.0, 118.8 (C x 2), 118.7, 114.1, 111.9, 108.8, 103.2 (C x 2), 101.5, 52.4, 

48.9, 48.6, 47.6, 24.7, 23.4. *Note : Signs of atropisomers for aliphatic CH2, in which 52.38 and 

48.59 are the splitting of 1 C (Ar-CH2-N-); 48.91 and 47.58 are the splitting of (CH2-CH2-N-), 

and 24.68, 23.41 are the splitting of (CH2-CH2-N-). LRMS (ESI+) m/z 471, 471 [M]+, 50%. 
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HRMS (ES+) for C27H22ClN3O3, calculated 472.1423, found 472.1422. RP-UPLC Agilent 

Zorbax SB-C18 1.8 µm, 50 mm x 2.1 mm, isocratic 80% mobile phase B at 0.6 mL/min in 8 

minutes, Rt = 5.05 min, 100%. 

 

1H-Indole-5-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amide (29) 

Synthesized utilizing the general procedure B described above, from 

benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine 

hydrobromide (18) (0.20 g, 0.54 mmol), HATU (0.31 g, 0.80 mmol), 

1H-indole-5-carboxylic acid (0.087 g, 0.54 mmol) and DIPEA (0.28 

mL, 1.61 mmol) in DMF (5.0 mL) to afford 29 (0.158 g, 67%) as an 

off white solid (mp 162.5 − 163 ºC). IR (cm-1): 3638 (NH), 3227 

(NH), 1614 (CON), 740 (CH-aromatics). 1H NMR (400 MHz, DMSO-d6) δ 11.29 (s, 1H), 10.78 

(s, 1H), 7.61 (s, 1H), 7.51 – 7.39 (m, 2H), 7.56 – 6.38 (m, 9H), 6.47 (s, 1H), 6.01 (s, 2H), 4.87 – 

4.29 (m, 2H), 3.65 – 3.45 (m, 2H), 3.12 – 2.70 (m, 2H). 13C NMR (101 MHz, DMSO-d6) δ 

186.0, 172.8, 148.0, 146.9, 136.6, 136.5, 127.8, 127.5, 127.0, 123.3, 121.4, 120.4, 119.1, 118.6, 

111.8, 111.7, 108.7, 102.2, 101.4, 49.1, 47.3, 45.6, 24.6, 23.4. *Note: Signs of atropisomers for 

aliphatic CH2, in which 47.3 is the splitting of 1 C (Ar-CH2-N-); 49.1 and 45.6 are the splitting 

of (CH2-CH2-N-);  24.6 and 23.4 are the splitting of (CH2-CH2-N-). Peak at 49.3 ppm is among 

the impurities. LRMS (ESI+) m/z 437, 437 [M]+, 70%. HRMS (ES+) for C27H23N3O3, 

calculated 438.1812, found 438.1812. RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–

100% B in 15 min, Rt = 6.48 min, 96%. 

 

7.3.4. Synthesis of the 1,3-thiazine-6-phenylimino-5- 
carboxylates (Chapter 5) 
2,4-Dimethyl-6-phenylimino-6H-[1,3]thiazine-5-carboxylic acid ethyl ester (8a) 

A mixture of ethyl 3-aminocrotonate (0.3 mL, 2.373 mmol) and 

phenyisothiocyanate (2a) (0.283 mL, 2.373 mmol) was stirred, under 

solvent free conditions, at room temperature overnight under nitrogen. 

To the stirred mixture was added acetic anhydride (0.26 mL, 2.61 

mmol) and acetonitrile (5 mL). The reaction mixture was stirred for 24h 

at room temperature and the crude material was subjected to silica gel 

chromatography [1:4 ethyl acetate : petroleum ether (b.p 40-60 ºC)] to afford 8a (0.41 g, 

65%) as a bright yellow precipitate (mp 145.3-146.5 ºC). IR (cm-1): 2984 (CH), 1728 
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(COO), 1231 (CO). 1H NMR (400 MHz, CDCl3) δ 7.65 – 7.43 (m, 3H), 7.25 – 7.09 (m, 

2H), 4.42 (q, J = 7.1 Hz, 2H), 2.31 (s, 3H), 2.22 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H).  13C 

NMR (400 MHz, CDCl3) δ 183.0, 166.1, 159.2, 153.9, 140.6, 132.3, 130.5 (C x 2), 

129.7, 127.1 (C x 2), 62.0, 25.1, 21.9, 14.0. LRMS (ESI+) m/z 288, 288 [M]+ + 40%. 

HRMS (ES+) for C15H16N2O2S, calculated 289.1005, found 289.1004; RP-HPLC 

Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt = 5.19 min, 100%. 

 

2,4-Dimethyl-6-(4’-tolylimino)-6H-[1,3]thiazine-5-carboxylic acid ethyl ester (8b) 

Synthesized utilising the general procedure above, from 3-

aminocrotonate (0.3 mL, 2.373 mmol), 4-methylphenyl isothiocyanate 

(2b) (0.52, 3.560 mmol), and acetic anhydride (0.448 mL, 4.746 mmol) 

in acetonitrile (5.0 mL) to afford 8b (0.132 g, 19%) as a yellow solid 

(mp 166.7-167.5 ºC). IR (cm-1): 2975 (CH), 1733 (COO), 1232 (CO); 
1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 8.1 Hz, 2H), 7.05 (d, J = 8.3 

Hz, 2H), 4.42 (q, J = 7.1 Hz, 2H), 2.43 (s, 3H), 2.30 (s, 3H), 2.22 (s, 3H), 1.39 (t, J = 7.1 

Hz, 3H) 13C NMR (101 MHz, CDCl3) δ 183.1, 166.1, 159.5, 153.9, 139.9, 138.0, 132.3, 

131.1 (C x 2), 126.7 (C x 2), 62.0, 25.1, 21.9, 21.4, 14.0. LRMS (ESI+) m/z 302, 302 

[M]+ 100%; HRMS (ES+) for C16H18N2O2S, calculated 303.1162, found 303.1160; RP-

HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 6.81 min, 

100%. 

 

6-(4-Isopropylphenylimino)-2,4-dimethyl-6H-[1,3]thiazine-5-carboxylic acid ethyl ester  

(8c) 

Synthesized utilising the general procedure above, from 3-

aminocrotonate (0.3 mL, 2.373 mmol), 4-isopropylphenyl 

isothiocyanate (0.42 mL, 2.373 mmol) and acetic anhydride (0.448 mL, 

4.746 mmol) in acetonitrile (5.0 mL) to afford 8c (0.393 g, 50%) as a 

yellow solid (mp 113.8-114.6 ºC). IR (cm-1): 2989 (CH), 1727 (COO), 

1233 (CO); 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.3 Hz, 2H), 7.08 (d, J 

= 8.4 Hz, 2H), 4.40 (q, J = 7.1 Hz, 2H), 3.03-2.90 (m, 1H), 2.29 (s, 3H), 2.21 (s, 3H), 1.37 (t, J 

= 7.1 Hz, 3H), 1.29 (d, J = 6.9 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 183.0, 166.1, 159.5, 

153.7, 150.3, 138.1, 132.18, 128.4 (C x 2), 126.7 (C x 2), 61.9, 33.7, 25.1, 23.8 (C x 2), 21.8, 

14.0 LRMS (ESI+) m/z 330, 330 [M]+ 100%; HRMS (ES+) for C18H22N2O2S, calculated 

331.1475, found 331.1470; RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 

15 min, Rt = 7.55 min, 94%. 
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6-(4-Bromophenylimino)-2,4-dimethyl-6H-[1,3]thiazine-5-carboxylic acid ethyl ester 

(8d) 

Synthesized utilising the general procedure above, from 3-

aminocrotonate (0.3 mL, 2.373 mmol), 4-bromopheny isothiocyanate 

(2d) (0.508 g, 2.373 mmol), and acetic anhydride (0.448 mL, 4.746 

mmol) in acetonitrile (5.0 mL) to afford 8d (0.556 g, 64%) as a yellow 

solid (mp 178-179 ºC). IR (cm-1): 2994 (CH), 1729 (COO), 1239 (CO). 
1H NMR (400 MHz, Acetone-d6) δ 7.85 – 7.71 (m, 2H), 7.45 – 7.35 (m, 

2H), 4.31 (q, J = 7.1 Hz, 2H), 2.26 (s, 3H), 2.21 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H). 13C 

NMR (400 MHz, Acetone-d6) δ 182.7, 165.5, 159.5, 153.7, 140.4, 133.3 (C x 2), 131.9, 

129.9 (C x 2), 122.8, 61.2, 24.6, 21.1, 13.4; LRMS (ESI+) m/z 366, 368 [M+2H]+ 100%; 

HRMS (ES+) for C15H15BrN2O2S, calculated 367.0110, found 367.0110 [M+ H; 79Br, 
81Br]+; RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 

7.14 min, 100%. 

 

 

2,4-Dimethyl-6-(4-trifluoromethylphenylimino)-6H-[1,3]thiazine-5-carboxylic acid ethyl 

ester (8e) 

Synthesized utilising the general procedure above, from 3-

aminocrotonate (0.3 mL, 2.373 mmol), 4-trifluorophenyl isothiocyanate 

(2e) (0.489 g, 2.373 mmol) and acetic anhydride (0.678 mL, 7.119 

mmol) in acetonitrile (5.0 mL) to afford 8e (0.300 g, 35%) as a yellow 

solid (mp 125.7-126.5 ºC). IR (cm-1): 2982 (CH), 1728 (COO), 1235 

(CO); 1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 8.4 Hz, 2H), 7.35 (d, J 

= 8.3 Hz, 2H), 4.41 (q, J = 7.1 Hz, 2H), 2.32 (s, 3H), 2.21 (s, 3H), 1.38 (t, J = 7.1 Hz, 

3H). 13C NMR (101 MHz, CDCl3) δ 182.8, 165.9, 158.5, 154.3, 143.5, 143.5, 132.3, 

131.8 (q, J = 33.33 Hz, 1H), 128.1 (C x 2), 127.7 (C x 2) (q, J = 4.04 Hz, 2H), 123.4 (q, 

J = 273 Hz, 1H), 62.1, 25.1, 21.9, 14.0; LRMS (ESI+) m/z 356, 356 [M]+ 100%; HRMS 

(ES+) for C15H15F3N2O2S, calculated 357.0879, found 357.0886; RP-HPLC Alltima™ 

C18 5 µm 150 mm x4.6 mm, 10–100% B in 15 min, Rt = 7.22 min, 95%. 

 

6-(3,5-Dichlorophenylimino)-2,4-dimethyl-6H-[1,3]thiazine-5-carboxylic acid ethyl 

ester  (8f) 

Synthesized utilising the general procedure above, from 3-

aminocrotonate (0.283 mL, 1.857 mmol), 3,5-dichlorolphenyl 

isothiocyanate (0.379 g, 1.857 mmol) and acetic anhydride (0.448 mL, 
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4.746 mmol) in acetonitrile (5.0 mL) to afford 8f (0.123 g, 20%) as a yellow solid (mp 

184.3-185.1ºC). IR (cm-1): 3070 (CH), 2982 (CH), 1720 (COO), 1243 (CO); 1H NMR 

(400 MHz, CDCl3) δ 7.51 (t, J = 1.8 Hz, 1H), 7.14 (d, J = 1.8 Hz, 2H), 4.41 (q, J = 7.1 

Hz, 2H), 2.29 (d, J = 7.4 Hz, 6H), 1.38 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 182.7, 165.7, 158.3, 154.2, 141.9, 136.8 (C x 2), 132.3, 130.2, 126.3 (C x 2), 62.1, 

25.1, 21.9, 14.0 LRMS (ESI+) m/z 356, 356 [M]+ 100%; HRMS (ES+) for 

C15H15Cl2N2O2S, calculated 357.0226, found 357.0226; RP-HPLC Alltima™ C18 5 µm 

150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 7.53 min, 96%. 

 

6-(Benzo[1,3]dioxol-5-ylimino)-2,4-dimethyl-6H-[1,3]thiazine-5-carboxylic acid ethyl 

ester (8g) 

Synthesized utilising the general procedure above, from 3-

aminocrotonate (0.177 mL, 1.395 mmol), 3,4-methylenedioxyphenyl 

isothiocyanate (2g) (0.25 g, 1.395 mmol) and acetic anhydride (0.448 

mL, 4.746 mmol) in acetonitrile (5.0 mL) to afford 8g (0.134 g, 29%) as 

a yellow solid (mp 146.5-147.3 ºC). IR (cm-1): 2982 (CH), 1733 (COO), 

1250 (CO) 1H NMR (400 MHz, CDCl3) δ 6.94 (d, J = 7.9 Hz, 1H), 6.66 

– 6.60 (m, 2H), 6.08 (d, J = 4.9 Hz, 2H), 4.42 (q, J = 7.1 Hz, 2H), 2.32-2.26 (m, 6H), 

1.39 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 183.3, 166.1, 159.7, 153.8, 

149.3, 148.6, 134.0, 132.2, 120.5, 109.4, 108.0 5, 102.3, 62.0, 25.0, 21.9, 14.0; LRMS 

(ESI+) m/z 332, 332 [M]+ 100%; HRMS (ES+) for C16H16N2O4S, calculated 333.0904, 

found 333.0902; RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 

min, Rt = 6.39 min, 100%. 

 

2,4-Dimethyl-6-(naphthalen-1-ylimino)-6H-[1,3]thiazine-5-carboxylic acid ethyl ester 

(8h) 

Synthesized utilising the general procedure above, from 3-aminocrotonate 

(0.28 mL, 2.216 mmol), 1-naphthyl isothiocyanate (2h) (0.41 g, 2.216 mmol) 

and acetic anhydride (0.419 mL, 4.431 mmol) in acetonitrile (5.0 mL) to 

afford 8h (0.218 g, 29%) as a yellow solid (mp 162.1-163ºC). IR (cm-1): 2982 

(CH), 1726 (COO), 1239 (CO); 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 

8.3 Hz, 1H), 7.95 (dd, J = 6.9, 2.2 Hz, 1H), 7.64 – 7.48 (m, 3H), 7.45 – 7.40 (m, 1H), 7.37 (dd, J 

= 7.3, 0.7 Hz, 1H), 4.51 – 4.32 (m, 2H), 2.37 (s, 3H), 2.13 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H); 13C 

NMR (400 MHz, CDCl3) δ 183.1, 166.2, 160.0, 154.0, 137.0, 134.6, 132.4, 130.2, 129.0, 128.2, 

128.1, 127.1, 125.9, 125.5, 121.4, 62.0, 24.4, 22.0, 14.1; LRMS (ESI+) m/z 338, 338 [M]+ 

N S
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C16H16N2O4S

N S

NO

O

C19H18N2O2S
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100%; HRMS (ES+) for C19H18N2O2S, calculated 339.1162, found 339.1160; RP-HPLC 

Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt = 7.12 min, 100%. 

 

6-Ethylimino-2,4-dimethyl-6H-[1,3]thiazine-5-carboxylic acid ethyl ester (8i) 

Synthesized utilising the general procedure above, from 3-aminocrotonate 

(0.3 mL, 2.373 mmol), ethyl isothiocyanate (0.206 mL, 2.373 mmol) and 

acetic anhydride (0.448 mL, 4.746 mmol) in acetonitrile (5.0 mL) to afford 8i 

(0.084 g, 15%) as a yellow solid (mp 112.5-113.4 ºC). IR (cm-1): 2969 

(CH), 1732 (COO), 1267 (CO); 1H NMR (400 MHz, CDCl3) δ 4.72-4.61 (m, 2H), 4.53 – 

4.33 (m, 2H), 2.69 (s, 3H), 2.22 (s, 3H), 1.48-1.37 (m, 6H); 13C NMR (400 MHz, CDCl3) 

δ 181.0, 166.3, 158.6, 153.4, 132.5, 61.9, 45.8, 23.8, 21.6, 14.0, 11.8; LRMS (ESI+) m/z 

240, 240 [M]+ 100%; HRMS (ES+) for C11H16N2O2S, calculated 241.1005, found 

241.1003; RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt 

= 5.83 min, 94%. 

 

2-Ethyl-4-methyl-6-phenylimino-6H-[1,3]thiazine-5-carboxylic acid ethyl ester (8k) 

Synthesized utilising the general procedure above, from 3-

aminocrotonate (0.098 mL, 0.774 mmol), phenyl isothiocyanate 

(0.093 mL, 0.775 mmol) and propanoic anhydride (0.197 mL, 1.55 

mmol) in acetonitrile (5.0 mL) to afford 8k (0.041 g, 17%) as a 

yellow solid (mp 87.5-88.3 ºC). IR  (cm-1): 2988 (CH), 1728 (COO), 

1237 (CO); 1H NMR (400 MHz, CDCl3) δ 7.59 – 7.47 (m, 3H), 7.20 – 7.13 

(m, 2H), 4.42 (q, J = 7.1 Hz, 2H), 2.40 (d, J = 7.4 Hz, 2H), 2.33 (s, 3H), 1.39 (t, J = 7.1 Hz, 

3H), 1.15 (t, J = 7.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 183.1, 166.3, 162.9, 154.1, 40.0, 

132.1, 130.3 (C x 2), 130.0, 127.4 (C x 2), 62.0, 30.1, 22.0, 14.0, 11.4; LRMS (ESI+) m/z 302, 

302 [M]+ 100%; HRMS (ES+) for C16H18N2O2S, calculated 303.1162, found 303.1157; RP-

HPLC Alltima™ C18 5 µm 150 mm x4.6 mm, 10-100% B in 15 min, Rt = 6.91 min, 100%. 

 

4-Methyl-2-phenyl-6-phenylimino-6H-[1,3]thiazine-5-carboxylic acid ethyl ester (8l) 

Synthesized utilising the general procedure above, from 3-

aminocrotonate (0.3 mL, 2.373 mmol), phenyl isothiocyanate 

(0.283 mL, 2.373 mmol) and benzoic anhydride (0.895 mL, 4.746 

mmol) in acetonitrile (5.0 mL) to afford 8l (0.030 g, 4%) as a 

yellow solid (mp 252-252.5ºC). IR (cm-1): 2982 (CH), 1725 (COO), 

1231 (CO); 1H NMR (400 MHz, CDCl3) δ 7.35 – 7.17 (m, 8H), 

7.15 – 7.03 (m, 2H), 4.47 (q, J = 7.1 Hz, 2H), 2.40 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H); 13C 

S

NO

O

N

C11H16N2O2S

N S

NO

O

C16H18N2O2S

N S

NO

O

C20H18N2O2S



141 
 

NMR (101 MHz, CDCl3) δ 183.2, 166.1, 159.7, 153.8, 140.1, 134.5, 132.9, 129.9, 129.3 

(C x 2), 129.2, 128.9 (C x 2), 128.7 (C x 2), 128.1 (C x 2), 62.2, 22.0, 14.1 LRMS (ESI+) 

m/z 350, 350 [M]+ 100%; HRMS (ES+) for C20H18N2O2S, calculated 351.1162, found 

351.1157; RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt 

= 7.26 min, 100%. 

 

4-Methyl-6-phenylimino-2-trifluoromethyl-6H-[1,3]thiazine-5-carboxylic acid ethyl ester 

(TP92B5) (8m) 

Synthesized utilising the general procedure above, from 3-

aminocrotonate (0.2 mL, 1.583 mmol), phenyl isothiocyanate (0.189 

mL, 1.583 mmol) and benzoic anhydride (0.447 mL, 3.166 mmol) in 

acetonitrile (5.0 mL) to afford 8m (0.060 g, 12%) as a yellow solid 

(mp 101.2-102.6 ºC). IR (cm-1): 2982 (CH), 1733 (COO), 1225 (CO); 
1H NMR (400 MHz, CDCl3) δ 7.61 – 7.47 (m, 3H), 7.22-7.16 (m, 2H), 4.43 (q, J = 7.1 

Hz, 2H), 2.38 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 184.2, 

164.9, 151.6, 146.4, 146.0, 137.0, 135.9, 130.5, 129.6, 129.0, 128.5, 128.5, 124.0, 121.5, 

121.4, 121.1, 118.6, 115.9, 62.4, 21.6, 14.0; LRMS (ESI+) m/z 342, 342 [M]+ 100%; 

HRMS (ES+) for C15H13F3N2O2S, calculated 343.0723, found 343.0721; RP-HPLC 

Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt = 7.48 min, 92%. 

 

Ethyl (E)-3-benzamido-2-(phenylcarbamothioyl)but-2-enoate (10a) 

Synthesized utilising the general procedure above, from 3-

aminocrotonate (0.3 mL, 2.373 mmol), phenyl isothiocyanate (0.28 mL, 

2.373 mmol) and benzoic anhydride (0.895 mL, 4.746 mmol) in 

acetonitrile (5.0 mL) to afford 10a (0.248 g, 28%) as a yellow solid. IR 

(cm-1): 3185 (NH), 1697 (COO), 1665 (CON), 1234 (CO). The product is 

detected as a mixture of isomers in 1H NMR, with the ratio 2.3 : 1.0 

calculated at 2.68 and 2.65 ppm, respectively. The 1H NMR is reported as a whole due to 

complex overlapping. All 13C NMR peaks are reported. 1H NMR (400 MHz, CDCl3) δ 12.49 (d, 

J = 8.2 Hz, 1H), 10.03 (d, J = 46.0 Hz, 1H), 7.91 (dd, J = 10.6, 4.5 Hz, 3H), 7.61 – 7.04 (m, 

7H), 4.19 – 3.90 (m, 2H), 2.66 (d, J = 11.6 Hz, 3H), 1.19 (dt, J = 14.5, 7.1 Hz, 3H); 13C NMR 

(101 MHz, CDCl3) δ 198.7, 194.3, 166.9, 166.6, 166.2, 165.8, 153.0, 151.4, 139.0, 138.4, 133.9, 

133.6, 132.8, 132.6, 130.1, 129.5, 129.1 (2C x 2), 129.0 (C x 2), 128.9, 128.8, 128.5, 127.7, 

127.6 (C x 2), 127.3, 127.0, 123.0, 122.9 (2C x 2), 116.3, 111.0, 61.3, 61.3, 19.4, 18.8, 14.1, 

14.0; LRMS (ESI+) m/z 368, 369 [M+H]+ 100%; HRMS (ES+) for C20H20N2O3S, calculated 

369.1267, found 369.1270; RP-UPLC Agilent Zorbax SB™ C18 1.8 µm 50 mm x 2.1 mm, 

isocratic 50% B (9:1 ACN: Water) in 6 min, Rt = 4.1 min, 100% at 210, 254 and 320 nm. 
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Ethyl (E)-3-benzamido-2-((4-bromophenyl)carbamothioyl)but-2-enoate (10b) 

Synthesized utilising the general procedure above, from 3-

aminocrotonate (0.3 mL, 2.373 mmol), 4-bromopheny 

isothiocyanate (2d) (0.508 g, 2.373 mmol) and benzoic anhydride 

(0.895 mL, 4.746 mmol) in acetonitrile (5.0 mL) to afford 10b (0.30 

g, 28%) as a yellow soild. IR (cm-1): 3296 (NH), 1683 (COO), 1661 

(CON), 1240 (CO). The product is detected as a mixture of isomers in 1H 

NMR, with the ratio 12.8 : 1.0 calculated at 2.55 and 2.47 ppm, 

respectively. The 1H NMR is reported as a whole due to complex overlapping. All 13C NMR 

peaks are reported. 1H NMR (400 MHz, DMSO-d6) δ 12.31 (s, 1H), 12.11 (s, 1H), 8.01 – 7.83 

(m, 4H), 7.74 – 7.06 (m, 5H), 4.28 – 4.06 (m, 2H), 2.55 (s, 2.7H), 2.47 (s, 0.2H), 1.25 – 1.05 

(m, 3H); 13C NMR (400 MHz, DMSO-d6) δ 193.9, 167.3, 165.4, 150.7, 139.2, 134.1, 133.3, 

132.1 (C x 2), 129.7 (C x 2), 127.7 (C x 2), 125.0 (C x 2), 118.8, 116.5, 61.4, 18.8, 14.5; LRMS 

(ESI+) m/z 446, 447 [M+ H; 79Br, 81Br]+ 100%; HRMS (ES+) for C20H19BrN2O3S, calculated 

447.0373, found 447.0370 [M+ H; 79Br, 81Br]+; RP-UPLC Agilent Zorbax SB™ C18 1.8 µm 50 

mm x 2.1 mm, isocratic 80% B (9:1 ACN: Water) in 6 min, Rt = 0.72 min, 100% at 210, 254 

and 320 nm. 
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8.1. Appendix to Chapter 2 
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8.2. Appendix to Chapter 3 
8.2.1 Biological investigation 
§ Components of the HSP detected in TCAM-2 cell line 

 

§ Cytotoxicity of indole analogues against TCAM-2 cells  

Table 4.  Cytotoxicity (compounds 7b, 40 − 50) at 10 µM concentration against TCAM-2 cell 
line was measured after 72 hours of incubation, with DMSO and Triton X (Red) (1%) as 
controls. Only compounds 5, 23, and 24 expressed a growth inhibition greater than 50% and 
were further investigated for their dose responses to generate the GI50 (n=2) 

 

 

GI50 of compound 5

0.0 0.5 1.0 1.5 2.0 2.5
0

50

100

150

GI50= 11.6   0.6 M

Data generated by GraphPad Prism 2.01

log[compound 5]

%
 G

ro
w

th
 i

n
h

ib
it

io
n

Cytotoxicity of 5 against TCAM-2 cells GI50 of 5 

N

N

H
N

O

NC

O

N

N

H
N

O

NC

O



189 
 

 
 

 

 

 

 

Cytotoxicity of 20 against TCAM-2 cells Cytotoxicity of 21 against TCAM-2 cells 

Cytotoxicity of 22 against TCAM-2 cells Cytotoxicity of 25 against TCAM-2 cells 

Cytotoxicity of 23 against TCAM-2 cells 
GI50 of 23 

N

O
H
N

O

N

NC

N

NH

H
N

O

NC

O

N

H
N

O

NH

NC

O

N

NH

H
N

O

O
NC

O O

N

NH

O

NH

O

NC

N

NH

O

NH

O

NC



190 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

Cytotoxicity of 24 against TCAM-2 cells 

GI50 of 24 

Cytotoxicity of 26 against TCAM-2 cells Cytotoxicity of 27 against TCAM-2 cells 

Cytotoxicity of 28 against TCAM-2 cells Cytotoxicity of 29 against TCAM-2 cells 
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§ Negligible cytotoxicity of 5, 23, and 24 against Shh LIGHT 2 cell line up to 50 μM 
concentration. Thus, in the DLR assay these compounds were screen at 25 μM 
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§ Genes expression of Ptch1, Sufu, Smo, Gli2 and Gli3 in Shh LIGHT2 cell line activated by 100 nM SAG. 

 

 

 

 

 

 

Figure. Relative gene expression of Ptch1 (A), Smo (B), Sufu (C), Gli2 (D), and  Gli3 (E) in Shh LIGHT 2 cell line activated by SAG (100 nM). All treatments were 

performed in triplicate. *P < .05, **P < .001 compared to untreated controls. 
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§ Statistical analysis 

Chapter 3_Figure 4 

GLI expression compared to SAG control 
SAG 5 + SAG 

Compound 5 = CP78 
0.190985668 0.062391 
0.190888798 0.100727 

0.1789335 0.098295 
F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 

  Variable 1 Variable 2   Variable 1 Variable 2 
Mean 0.087137754 0.186935989 Mean 0.087137754 0.186935989 
Variance 0.000460767 4.80322E-05 Variance 0.000460767 4.80322E-05 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 0.0002544 

  

F 9.592875957  
Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.094403069  df 4 

F Critical one-tail 19   t Stat -
7.663201671 

N

N

H
N

O

NC

O

 

P(T<=t) one-tail 0.000779324 
t Critical one-tail 2.131846786 
P(T<=t) two-tail 0.001558649 
t Critical two-tail 2.776445105 
*P < .05 

Chapter 3_Figure 4 

GLI expression compared to SAG control  
SAG 23 + SAG 

Compound 23 = TP123B1 
0.190985668 0.117323579 
0.190888798 0.090150714 

0.1789335  
F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 

  Variable 1 Variable 2   Variable 1 Variable 2 
Mean 0.103737 0.186935989 Mean 0.103737147 0.186935989 
Variance 0.000369 4.80322E-05 Variance 0.000369182 4.80322E-05 
Observations 2 3 Observations 2 3 
df 1 2 Pooled Variance 0.000155082 

  

F 7.68614  
Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.109203  df 3 
F Critical one-tail 18.51282   t Stat -7.318580807 

N

NH

O

NH

O

NC

 

P(T<=t) one-tail 0.002634596 
t Critical one-tail 2.353363435 
P(T<=t) two-tail 0.005269193 
t Critical two-tail 3.182446305 
*P < .05 
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Chapter 3_Figure 4 

GLI expression compared to SAG control 
SAG 24 + SAG 

Compound 24 = TP179B1 
0.190986 0.138624 
0.190889 0.129131 
0.178934 0.143547 

F-Test Two-Sample for Variances  t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.137100906 0.186936 Mean 0.137101 0.186936 
Variance 5.36941E-05 4.8E-05 Variance 5.37E-05 4.8E-05 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 5.09E-05 

  

F 1.117877324  
Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.47217088  df 4 
F Critical one-
tail 19   t Stat -8.55813 

N

NH

O
H
N

O

NC
O

O

 

P(T<=t) one-tail 0.000512 
t Critical one-tail 2.131847 
P(T<=t) two-tail 0.001024 
t Critical two-tail 2.776445 
*P < .05 

 

Chapter 3_Figure 4 

GLI expression compared to SAG control 
SAG Sonidegib + SAG 

Sonidegib = LDE225 
0.190986 0.125976 
0.190889 0.119023 
0.178934 0.111083 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.118694 0.186936 Mean 0.118694 0.186936 
Variance 5.55E-05 4.8E-05 Variance 5.55E-05 4.8E-05 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 5.18E-05 

  

F 1.156147  
Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.46379  df 4 
F Critical one-tail 19   t Stat -11.6147 

F3CO

HN

O

N

N O

 

P(T<=t) one-tail 0.000157 
t Critical one-tail 2.131847 
P(T<=t) two-tail 0.000314 
t Critical two-tail 2.776445 
**P < .001 
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Genes expression of HSP 
components in Shh LIGHT 2 
activated by 100 nM SAG 

Ptch1 expression compared to DMSO control 
DMSO SAG   

0.001011 0.00548611 Smo Agonist SAG 
0.000833 0.00567958   

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.005583 0.000922 Mean 0.005583 0.000922 
Variance 1.87E-08 1.59E-08 Variance 1.87E-08 1.59E-08 
Observations 2 2 Observations 2 2 
df 1 1 Pooled Variance 1.73E-08 

  

F 1.176714  
Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.47413  df 2 
F Critical one-tail 161.4476   t Stat 35.4273 

S

Cl

N

O

HN

N

 

P(T<=t) one-tail 0.000398 
t Critical one-tail 2.919986 
P(T<=t) two-tail 0.000796 
t Critical two-tail 4.302653 
* P < .001 

 

 

Genes expression of HSP 
components in Shh LIGHT 2 
activated by 100 nM SAG 

Gli2 expression compared to DMSO control 
DMSO SAG 

Smo agonist SAG 0.00016 0.000309 
0.000148 0.000331 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Unequal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.000154 0.00032 Mean 0.000154 0.00032 
Variance 6.89E-11 2.46E-10 Variance 6.89E-11 2.46E-10 
Observations 2 2 Observations 2 2 

df 1 1 Hypothesized 
Mean Difference 0 

  

F 0.280316  df 2 
P(F<=f) one-tail 0.309988  t Stat -13.2308 
F Critical one-tail 0.006194   P(T<=t) one-tail 0.002832 

S

Cl

N

O

HN

N

 

t Critical one-tail 2.919986 
P(T<=t) two-tail 0.005664 
t Critical two-tail 4.302653 

* P < .05 

 

 

 

 

 

Chapter 3_ Figure 5A 
Ptch1 expression compared to SAG control 
SAG 5 + SAG Compound 5 = CP78 
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0.006992 0.002108 
0.005601 0.003377 
0.005083 0.003826 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Unequal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.005892 0.003104 Mean 0.005892 0.003104 
Variance 9.75E-07 7.94E-07 Variance 9.75E-07 7.94E-07 
Observations 3 3 Observations 3 3 

df 2 2 Hypothesized 
Mean Difference 0 

  

F 1.22749  df 4 
P(F<=f) one-tail 0.448936  t Stat 3.632142 
F Critical one-tail 19   P(T<=t) one-tail 0.011059 

N

N

H
N

O

NC

O

 

t Critical one-tail 2.131847 
P(T<=t) two-tail 0.022118 
t Critical two-tail 2.776445 

* P < .05 

 

 

Chapter 3_ Figure 5A 

Ptch1 expression compared to SAG control 
SAG Compound 23 + SAG 

Compound 23 
= TP123B1 

0.006992 0.003285 
0.005601 0.003129 
0.005083  

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Unequal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.005892379 0.003207 Mean 0.005892 0.003207 
Variance 9.74593E-07 1.21E-08 Variance 9.75E-07 1.21E-08 
Observations 3 2 Observations 3 2 

df 2 1 Hypothesized 
Mean Difference 0 

  

F 80.53566287  df 2 
P(F<=f) one-tail 0.07855013  t Stat 4.668237 
F Critical one-tail 199.5   P(T<=t) one-tail 0.021476 

N

NH

O

NH

O

NC

 

t Critical one-tail 2.919986 
P(T<=t) two-tail 0.042953 
t Critical two-tail 4.302653 

* P < .05 

 

 

 
Chapter 3_ Figure 5A 

Ptch1 expression compared to SAG control 
SAG Compound 24 + SAG 

0.006992 0.003721 
Compound 24 = TP179B1 0.005601 0.005263 

0.005083 0.003645 
F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 

  Variable 1 Variable 2   Variable 1 Variable 2 
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Mean 0.005892 0.00421 Mean 0.005892 0.00421 
Variance 9.75E-07 8.33E-07 Variance 9.75E-07 8.33E-07 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 9.04E-07 

  

F 1.169611  
Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.460912  df 4 
F Critical one-tail 19   t Stat 2.167848 

N

NH

O
H
N

O

NC
O

O

 

P(T<=t) one-tail 0.048021 
t Critical one-tail 2.131847 
P(T<=t) two-tail 0.096041 
t Critical two-tail 2.776445 
P = .09 

 

 

Chapter 3_ Figure 5B 

Gli2 expression compared to SAG treatment 
SAG Compound 5 +SAG 

0.00292 0.000844275 
Compound 5 = CP78 0.002752 0.000850147 

0.002025  
F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Unequal 

Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.002565596 0.000847 Mean 0.002566 0.000847 
Variance 2.26544E-07 1.72E-11 Variance 2.27E-07 1.72E-11 
Observations 3 2 Observations 3 2 

df 2 1 Hypothesized 
Mean Difference 0 

  

F 13138.70305  df 2 
P(F<=f) one-tail 0.006168797  t Stat 6.252876 
F Critical one-tail 199.5   P(T<=t) one-tail 0.012318 

N

N

H
N

O

NC

O

 

t Critical one-tail 2.919986 
P(T<=t) two-tail 0.024635 
t Critical two-tail 4.302653 

*P < .05 

 

 

 

Chapter 3_ Figure 5B 

Gli2 expression compared to SAG control 
SAG Compound 23 + SAG 

0.00262 0.000983 
Compound 23 = TP123B1 0.002152 0.000589 

0.001925  
F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 

  Variable 1 Variable 2   Variable 1 Variable 2 
Mean 0.002232 0.000786 Mean 0.002232262 0.000786 
Variance 1.26E-07 7.78E-08 Variance 1.25676E-07 7.78E-08 
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Observations 3 2 Observations 3 2 
df 2 1 Pooled Variance 1.09733E-07 

  

F 1.614394  
Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.486286  df 3 
F Critical one-tail 199.5   t Stat 4.782435678 

N

NH

O

NH

O

NC

 

P(T<=t) one-tail 0.008690299 
t Critical one-tail 2.353363435 
P(T<=t) two-tail 0.017380598 
t Critical two-tail 3.182446305 
* P < .05 

 

Chapter 3_ Figure 5B 

Gli2 expression compared to SAG control 
SAG Compound 24 + SAG 

0.00262 0.000793 
Compound 24 = TP179B1 0.002152 0.000899 

0.001925  
 

t-Test: Two-Sample Assuming Equal Variances 
F-Test Two-Sample for Variances   Variable 1 Variable 2 

   
Mean 0.002232 0.000846 

  Variable 1 Variable 2 Variance 1.26E-07 5.56E-09 
Mean 0.002232 0.000846 Observations 3 2 
Variance 1.26E-07 5.56E-09 Pooled Variance 8.56E-08 

  

Observations 3 2 Hypothesized 
Mean Difference 0 

df 2 1 df 3 
F 22.62334  t Stat 5.189598 
P(F<=f) one-tail 0.147048  P(T<=t) one-tail 0.006948 
F Critical one-tail 199.5   t Critical one-tail 2.353363 

N

NH

O
H
N

O

NC
O

O

 

P(T<=t) two-tail 0.013895 
t Critical two-tail 3.182446 

* P < .05 

 

 

8.2.2. Compounds characterization 
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§ Synthesis summary of the quinolone-1-(2H)-ones using the Ugi-Knoevenagel reaction 

Appendix for Table 2 & 4. Isolated yields of quinolin-1-(2H)-ones (5, 10–30) (the Ugi 4CR products) and structural differentiations 

using the 1H NMR , IR spectra and base cations in HRMS [M+H]+ and [M-H]-. Reagents and conditions: (i) MeOH, rt, 24 h. 

R1

NC

R2 H
N

R3(i)
R2 O

NH2O

R1

O

OH
NC NC R3

*
N

O

O

 

Entry 
Compound 

Codes 
R1 R2 R3 Yield % 

1H of CH* 

(ppm) 

IR of      

−CN (cm-1)  

Mass Peak (m/z) 

 

1  5 
 

 

 38 6.94 – 6.88 (m) 2227 502.2369 [M+H]+ 

2 10 
 

 

 

25 6.85 (bs) 2230 513.1455 [M-H, 35Cl]- 

3 11 
 

 

Si  56 6.95 (s) 2229 498.1483 [M-H, 35Cl]- 

4 12 
 

 

 68 6.94 – 6.88 (m) 2228 480.2207 [M+H]+ 

5 13 
 

 

 

37 6.92 (d) 2229 480.1636 [M-H]- 
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6 14 
 

 

 71 6.74 (d) 2231 464.2052 [M-H]- 

7 15 
 

 

 66 6.69 (d) 2230 402.1895 [M-H]- 

8 16 
 

 

 26 7.29 – 7.18 (m) 2227 431.1798 [M-H]- 

9 17 
 

 

 

49 6.25 (s) 2225 473.2267 [M-H]- 

10 18 
 

 

 

68 6.94 – 6.84 (m) 2227 458.2522 [M-H]- 

11 19 
 

 

 

49 7.1 (bs) 2228 418.1481 [M-H]- 

12 20 
 

 

 13 7.39 – 7.43 (m) 2229 463.2104 [M+H]+ 

13 21 
 

 

 11 7.46 − 7.54 (m) 2229 489.2284 [M+H]+ 

14 22 
 

 

 36 7.15 – 7.20 (m) 2235 489.2284 [M+H]+ 

15 23 
 

 

 46 7.41 – 7.47 (m) 2236 503.2444 [M+H]+ 
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16 24 
 

 

 

34 7.55 − 7.59 (m) 2232 519.2026 [M+H]+ 

17 25 
 

 

 

46 7.65 – 7.67 (m) 2236 505.1869 [M+H]+ 

18 26 
 

 

 

26 7.57 – 7.60 (m) 2226 519.2027 [M+H]+ 

19 27 
 

 

 

50 7.38 – 7.41 (m) 2232 287 [M+ACN+2H]2+ 

20 28 
 

 

 

33 7.53 – 7.58 (m) 2236 539.1481 [M+H, 35Cl]+ 

21 29 
 

 

 

47 7.40 – 7.43 (m) 2228 489.2283 [M+H]+  

22 30 
 

 

 

26 7.40 (s) 2229 489.2287 [M+H]+ 
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Compound 20 
Compound Name: 2-(3-cyano-2-oxo-4-methylquinolin-1(2H)-yl)-2-(1-methyl-1H-indol-3-yl)-

N-(pentan-2-yl)acetamide 

Obtained Weight & Yield:  70 mg, 13% 

Appearance:  Off white precipitate 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  243-245 °C 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3246 (NH), 3083 (CH), 2972 (CH), 2229 (CN), 1637 (CO). 

 

The 1H NMR displays a mixture of isomers, with the ratio 1.35 : 1.0 calculated at 0.74 and 0.60 

ppm, respectively. 1H is reported as a whole without splitting due to the complex overlapping. 

All peaks detected in 13C are reported. 
 

1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 7.91 (d, J = 8.2 Hz, 1H), 7.83 – 7.69 (m, 2H), 7.67 – 7.51 (m, 

2H), 7.47 – 7.35 (m, 3H), 7.29 (dd, J = 9.8, 5.4 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 7.01 (t, J = 7.4 

Hz, 1H), 3.98-3.86 (m, 1H), 3.75 (s, 3H), 2.75 (d, J = 3.2 Hz, 3H), 1.54 – 1.15 (m, 4H), 0.93-

0.87 (m, 3H), 0.77-0.56 (m, 2H).  
13C NMR Analysis: (Sign of isomers) 
13C NMR (101 MHz, DMSO-d6) δ 167.4, 166.8, 159.2, 159.2, 158.3, 158.3, 139.1, 136.6, 136.5, 

133.3, 133.2, 130.9, 130.81, 127.7, 127.6, 127.6, 123.4, 121.9, 120.1, 120.1, 119. 8, 118.9, 

118.1, 118.1, 116.2, 110.4, 107.7, 106.2, 106.1, 106.1, 60.2, 53.8, 53.7, 52.9, 45.3, 45.2, 38.3, 

38.0, 33.0 (Cx2), 27.4, 26.8, 21.2, 21.1, 20.8, 19.6, 19.1, 18.8, 14.6, 14.3, 14.2, 11.2, 10.8 

HPLC: RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 7.07 

min, 93 % 

Mass Spectral Analysis  

LRMS (ESI-) m/z 440, 520 [M+DMSO+2H]+ 100%. HRMS (ES+) for C27H28N4O2Na; 

calculated 463.2110, found 463.2104. 

 

 

N

O
H
N

O

N

NC

C27H28N4O2
Exact Mass: 440.2212
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209 
 

 

  

C27H28N4O2 
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Compound 21 
 

Compound Name: 2-(3-cyano-2-oxo-4-phenylquinolin-1(2H)-yl)-2-(1H-indol-3-yl)-N-(pentan-

2-yl)acetamide  

Obtained Weight & Yield: 70 mg, 11 %  

Appearance:  Off white precipitate 

Solubility:  EtOAc, ACN 

Melting Point:  182-183 °C 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3420 (NH), 2229 (CN), 1678 (CONH), 1646 (CON) 

 

The 1H NMR displays a mixture of isomers, with the ratio 5.5 : 1.0 calculated at 3.96 and 3.72 

ppm, respectively. 1H is reported as a whole without splitting due to the complex overlapping. 

All peaks detected in 13C are reported 

 
1H NMR Analysis:  
1H NMR (400 MHz, DMSO-d6) δ 11.26 (s, 1H), 7.85 (s, 2H), 7.73 – 7.32 (m, 10H), 7.29 – 6.87 

(m, 4H), 3.96 (s, 1H), 1.84 – 0.09 (m, 11H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 167.4, 166.8, 160.1, 159.3, 140.1, 136.2, 136.1, 134.1, 133.3, 

130.4, 129.3, 129.2, 129.1, 127.4, 127.3, 127.0, 126.9, 123.5, 122.0, 119.9, 119.8, 118.8, 118.6, 

116.0, 112.2, 108.5, 106.0, 54.3, 54.2, 53.0, 45.4, 45.3, 38.4, 38.2, 27.4, 26.9, 21.1, 20.9, 19.6, 

19.2, 14.4, 14.2, 11.3, 10.8. 

 

HPLC:  

RP-HPLC Phenomenex Onyx™ Monolithic C18 5 µm 100 mm x 4 mm, 10–100% B in 15 min, 

Rt = 12.24 min, 100 % 

Mass Spectral Analysis: LRMS (ESI+) m/z 488, 489 [M+H]+, 40%. HRMS (ES+) for 

C31H28N4O2; calculated 489.2285, found 489.2284. 

 

 

 

N

NH

O

NH

O

NC

C31H28N4O2
Mol. Wt.: 488.5796
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C31H28N4O2 
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Compound 22 
 
Compound Name: 2-(3-cyano-2-oxo-4-phenylquinolin-1(2H)-yl)-2-(1H-indol-5-yl)-N-(pentan-
2-yl)acetamide 
 
Obtained Weight & Yield:  0.238, 36% 
 
Appearance:  Off white precipitate 
 
Solubility:  DMSO, not in Aceton, MeOH, EtOAc 
 
Melting Point:  271-272 °C 
 
TLC Conditions:  EtOAc/Hexane (50/50) 
 
IR Analysis: νmax/cm-1   
3403 (NH), 3338 (NH), 2956 (CH), 2235 (CN), 1647 (CO). 
 
The 1H NMR displays a mixture of isomers, with the ratio 2.45 : 1.0 calculated at 0.74 and 0.64 
ppm, respectively. 1H is reported as a whole without splitting due to the complex overlapping. 
All peaks detected in 13C are reported. 
 
1H NMR Analysis:  
1H NMR (400 MHz, DMSO-d6) δ 11.13 (s, 1H), 7.89 (dd, J = 14.3, 8.1 Hz, 1H), 7.71 – 7.52 (m, 
7H), 7.52 – 7.44 (m, 1H), 7.41 – 7.29 (m, 2H), 7.26 – 7.01 (m, 4H), 6.40 (d, J = 1.8 Hz, 1H), 
3.91 (dd, J = 13.4, 7.0 Hz, 1H), 1.59 – 1.19 (m, 3H), 1.16 – 0.99 (m, 2H), 0.99 – 0.84 (m, 3H), 
0.81-0.55 (m, 2H). 

 
13C NMR Analysis:  
 13C NMR (101 MHz, DMSO-d6) δ 167.5, 167.0, 166.9, 160.1, 160.0, 159.4, 140.6, 135.6, 
134.2, 134.2, 133.1, 133.0, 130.4, 129.3 (C x 2), 129.2 (C x 2), 129.1, 129.1, 128.0, 126.5, 
126.5, 125.8, 125.7, 125.6, 123.5, 121.8, 120.1, 120.1, 120.0, 119.1, 119.0, 116.0, 116.0, 111.9, 
111.9, 106.3, 106.3, 106.2, 101.8, 101.7, 61.3,  61.1, 61.1, 52.8, 45.3, 45.2, 38.3, 38.2, 27.2, 
26.8, 21.2, 20.9, 19.5, 19.0, 14.4, 14.3, 11.1, 10.6 
 
HPLC:  
RP-HPLC Alltima™ C18 5 μm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 7.07 min, 98.6% 
  
Mass Spectral Analysis (Low res): LRMS (ESI-) m/z - 488, 520 [M+CH3OH-H] 95%. HRMS 
(ES+) for C31H28N4O2; calculated 489.2285, found 489.2284. 
 
 

N

H
N

O

NH

NC

O

C31H28N4O2
Exact Mass: 488.2212



218 
 

 



219 
 

 



220 
 

 
 



221 
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C31H28N4O2 
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Compound 23 
 
Compound Name: 2-(3-cyano-2-oxo-4-phenylquinolin-1(2H)-yl)-2-(5-methyl-1H-indole-3-yl)-
N-(pentan-2-yl)acetamide 
 
Obtained Weight & Yield:  0.445g, 46% 
 
Appearance:  Off-white precipitate 
 
Solubility:  EtOAc, Acetone, ACN 
 
Melting Point:  178-180 °C 
 
TLC Conditions:  EtOAc/Hexane (50/50) 
 
IR Analysis: νmax/cm-1   
3427 (bp NH), 2962 (CH), 2236 (CN), 1645 (CON) 
 
The 1H NMR displays a mixture of isomers, with the ratio 2.1 : 1.0 calculated at 0.77 and 0.68 
ppm, respectively. 1H is reported as a whole without splitting due to the complex overlapping. 
All peaks detected in 13C are reported 
 
1H NMR Analysis: 
 
1H NMR (400 MHz, DMSO-d6) δ 11.13 (d, J = 4.9 Hz, 1H), 7.90 – 7.37 (m, 10H), 7.29-7.16 
(m, 4H), 6.92 (d, J = 8.3 Hz, 1H), 4.03 – 3.87 (m, 1H), 2.34 (s, 3H), 1.57 – 1.20 (m, 3H), 1.20 – 
0.86 (m, 5H), 0.82-0.60 (m, 3H). 

 
13C NMR Analysis: (Sign of isomers) 
 
13C NMR (101 MHz, DMSO-d6) δ 167.5, 166.9, 160.1, 160.1, 159.3, 140.1, 140.1, 134.6, 134.6, 
134.5, 134.1, 133.3, 130.4, 129.4, 129.2, 129.1, 128.2, 128.1, 127.5, 127.5, 126.8, 126.6, 123.5, 
119.9, 118.5, 118.4, 118.3, 116.0, 111.9, 107.9, 107.9, 106.0, 105.9, 54.5, 54.4, 52.9, 45.4, 45.2, 
38.4, 38.2, 27.3, 26.9, 21.9, 21.1, 20.9, 19.6, 19.2, 14.4, 14.2, 11.2, 10.8 
 
HPLC:  
RP-HPLC Alltima™ C18 5 μm, 150 mm x 4.6 mm, 10–100% B in 15 min, Rt =10.89 min, 
100%. 
  
Mass Spectral Analysis (Low res): LRMS (ESI-) m/z 502, 521 [M+NH4]+ 40%. HRMS (ES+) 
for C32H30N4O2; calculated 503.2442, found 503.2444. 
 
 

N

NH

O

NH

O

NC

C32H30N4O2
Exact Mass: 502.2369
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C32H30N4O2 
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Compound 24 
Compound Name: Ethyl-[2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(5-methyl-1H-

indol-3-yl)-acetamido]-acetate 

 

Obtained Weight & Yield:  0.347g, 34% 

Appearance:  Greenish precipitate 

Solubility:  EtOAc, ACN 

Melting Point:  199-200 °C 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3423 (NH), 3410 (NH), 2232 (CN), 1731 (COO), 1673 (CON) 

 
1H NMR Analysis:  
1H NMR (400 MHz, DMSO-d6) δ 11.21 (d, J = 1.8 Hz, 1H), 8.53 (s, 1H), 7.83 (d, J = 8.7 Hz, 

1H), 7.72 – 7.48 (m, 8H), 7.32 – 7.17 (m, 4H), 6.92 (d, J = 8.3 Hz, 1H), 4.14 (q, J = 7.1 Hz, 

2H), 4.02-3.84 (m, 2H), 2.34 (s, 3H), 1.22 (t, J = 7.1 Hz, 3H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 170.2, 168.4, 160.3, 159.3, 139.7, 134.5, 134.1, 133.5, 130.5, 

129.4, 129.4, 129.4, 129.1, 129.0, 128.3, 127.5, 127.1, 123.7 (C x 2), 119.9, 118.5, 118.2, 115.8, 

111.9, 107.3, 105.8, 61.0, 53.8, 41.9, 21.9, 14.6. 

 

HPLC:  

RP-HPLC Alltima™ C18 5 μm, 150 mm x 4.6 mm, 10–100% B in 15 min, Rt =13.72 min, 

97.9% (254nm and 220nm). 

 

Mass Spectral Analysis: LRMS (ESI+) m/z518, 541 [M+Na-H]+ 60%. HRMS (ES+) for 

C31H26N4O4; calculated 519.2027, found 519.2026. 
 

N

NH

O
H
N

O

NC
O

O

C31H26N4O4
Exact Mass: 518.1954
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C31H26N4O4 
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N

NH

O
H
N

O

NC
O

O

C30H24N4O4
Mol. Wt.: 504.5360

Compound 25 
 
Compound Name: Ethyl-[2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1H-indol-3-yl)-

acetamido]-acetate 

Obtained Weight & Yield:  0.3 g, 32% 

Appearance:  Offwhite precipitate 

Solubility:  EtOAc, ACN 

Melting Point:  179.3-180.5 °C 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3420 (NH), 2236 (CN), 1737 (COO), 1686 (CONH), 1646 (CON) 

 
1H NMR Analysis:  
1H NMR (400 MHz, DMSO-d6) δ 11.35 (s, 1H), 8.58 (s, 1H), 7.93 – 7.75 (m, 2H), 7.75-7.45 

(m, 8H), 7.39 (d, J = 8.0 Hz, 1H), 7.21 (d, J = 3.7 Hz, 2H), 7.15-6.91 (m, 2H), 4.25 – 4.06 (m, 

2H), 4.04-3.80 (m, 2H), 1.22 (t, J = 7.0 Hz, 3H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 170.2, 168.4, 160.3, 159.3, 139.7, 136.1, 134.0, 133.5, 130.5, 

129.5, 129.4 (C x 2), 129.3 (C x 2), 129.2, 129.0, 127.3, 123.7, 122.1, 120.0 (C x 2), 118.6, 

118.5, 115.9, 112.2, 107.8, 105.8, 61.1, 53.7 41.9, 14.6. 

 

HPLC:  

RP-HPLC Phenomenex Onyx™ Monolithic C18 5 µm, 100 mm x 4 mm, 10–100% B in 15 min, 

Rt = 11.09 min, 100%. 

 

Mass Spectral Analysis:  LRMS (ESI+) m/z 504, 505 [M+H]+, 100%. HRMS (ES+) for 
C30H24N4O4; calculated 505.1870, found 505.1869. 
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Compound 26 
 
Compound Name: Ethyl-[2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1-methylindole-3-

yl)-acetamido]-acetate 

 

Obtained Weight & Yield:  0.192g, 27% 

Appearance:  Off white precipitate 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  209-211 °C 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

IR 3422 (NH), 2920 (CH), 2229 (CN), 1743 (COO), 1639 (CON). 

 
1H NMR Analysis: 

1H NMR (400 MHz, DMSO-d6) δ 8.53 (bs, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.75 (s, 1H), 7.70 – 

7.48 (m, 7H), 7.43 (d, J = 8.2 Hz, 1H), 7.25 – 7.19 (m, 2H), 7.17 (t, J = 7.2 Hz, 1H), 7.06 (t, J = 

7.2 Hz, 1H), 4.12 (q, J = 7.1 Hz, 2H), 3.90 (d, J = 6.6 Hz, 2H), 3.79 (s, 3H), 1.20 (t, J = 7.1 Hz, 

3H). 

13C NMR Analysis: (Sign of isomers) 
13C NMR (101 MHz, DMSO-d6) δ 170.1, 168.3, 160.3, 159.2, 139.6, 136.5, 134.0, 133.7, 131.4, 

130.5, 129.5, 129.4 (Cx2), 129.2, 129.0, 127.7, 123.7, 122.1, 120.1, 120.0, 118.9, 118.2, 115.9, 

110.5, 106.8, 105.9, 105.9, 61.0, 41.9, 33.2, 14.6. 

 

HPLC:  

RP-HPLC Alltima™ C18 5 μm 150 mm x 4.6 mm, 10–100% B in 15 min Rt =14.26 min, 

98.10%  

 

Mass Spectral Analysis (Low res): LRMS (ESI-) m/z 518, 540 [M+ Na-H]+, 100%. HRMS 

(ES+) for C31H26N4O4 ; calculated 519.2027, found 519.2027. 
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O

C31H26N4O4
Exact Mass: 518.1954
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Compound 27  
 
Compound Name: Ethyl-3-[2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1-methyl-1H-

indol-3-yl)-acetylamino]-propionate 

 

Obtained Weight & Yield:  0.149g, 50% 

Appearance:  White precipitate 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  267-268 °C 

TLC Conditions:  EtOAc/Hexane (50/50) 

 

IR Analysis: νmax/cm-1   

3410 (NH), 2232 (CN), 1710 (COO), 1686 (CON) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 8.05 (bs, 1H), 7.83 (d, J = 8.7 Hz, 1H), 7.71 – 7.56 (m, 6H), 

7.56 – 7.47 (m, 2H), 7.45-7.38 (m, 2H), 7.26 – 7.20 (m, 2H), 7.17 (t, J = 7.2 Hz, 1H), 7.06 (t, J 

= 7.2 Hz, 1H), 4.03 (q, J = 7.1 Hz, 2H), 3.78 (s, 3H), 3.42 – 3.35 (m, 2H), 2.57-2.44 (m, 2H), 

1.16 (t, J = 7.1 Hz, 3H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 171.7, 167.7, 160.1, 159.0, 139.9, 136.5, 134.1, 133.8, 131.3, 

130.5, 129.6, 129.4, 129.2, 129.0, 127.8, 123. 7, 122.1, 120.0, 119.9, 119.0, 117.8, 115.9, 110. 

5, 107.1, 106.1, 60.4, 54.1, 35.9, 34.0, 33.1, 14.5 

 

HPLC:  

RP-HPLC Alltima™ C18 5 μm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt =14.46 min, 

95.8% 

  

Mass Spectral Analysis: LRMS (ESI+) m/z 532, 287 [M+ACN+ 2H]2+ 100%. HRMS (ES+) 

for C16H11N2O+ (main fragment); calculated 247.0870, found 247.0865 

 

N

N

O
H
N

O

ONC

O

C32H28N4O4
Exact Mass: 532.2111
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Compound 28 
 
Compound Name: Ethyl-2-(2-(5-chloro- indole (1H)-3-yl)-2-(3-cyano-2-oxo-4-phenyl-1(2H)-
quinolin-yl)-acetamido)-acetate 
 
Obtained Weight & Yield:  0.435g, 33% 
 
Appearance:  Light yellow precipitate 
 
Solubility:  DMSO, partially soluble in Acetone, not in CHCl3 
 
Melting Point:  201-203 °C 
 
TLC Conditions:  EtOAc/Hexane (50/50) 
 
IR Analysis: νmax/cm-1   
3415 (NH), 3406 (NH), 2236 (CN), 1736 (COO), 1671 (CON) 
 
1H NMR Analysis: 
 
1H NMR (400 MHz, DMSO-d6) δ 11.54 (d, J = 1.4 Hz, 1H), 8.53 (s, 1H), 7.82 (dd, J = 11.9, 5.5 
Hz, 2H), 7.71 – 7.61 (m, 4H), 7.61-7.5 (m, 4H), 7.42 (d, J = 8.6 Hz, 1H), 7.29 – 7.18 (m, 2H), 
7.12 (dd, J = 8.6, 1.7 Hz, 1H), 4.14 (q, J = 7.0 Hz, 2H), 3.93 (qd, J = 17.2, 5.8 Hz, 2H), 1.22 (t, 
J = 7.1 Hz, 3H). 

 
13C NMR Analysis:  
 
13C NMR (101 MHz, DMSO-d6) δ 170.1, 168.2, 160.4, 159.2, 139.6, 134.6, 134.0, 133.7, 130.5, 
129.6(C x 2), 129.4, 129.2, 129.0 (C x 2), 128.5, 124.5, 123.8, 122.0, 120.1, 118.3 (C x 2), 
118.2, 115.8, 113.8, 107.8, 106.0, 61.0, 42.0, 14.6 
 
HPLC:  
RP-HPLC Alltima™ C18 5 μm  150 mm x 4.6 mm, 10–100% B in 15 min, Rt =14.07 min, 
99.4% 
  
 
Mass Spectral Analysis: LRMS (ESI+) m/z 538, 292 [M+2Na]2+, 60%. HRMS for 
C30H23ClN4O4; calculated 539.1481, found 539.1481 
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Cl

C30H23ClN4O4
Exact Mass: 538.1408
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Compound 29  
 
Compound Name: N-tert-Butyl-2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(5-methyl-
1H-indole-3-yl)-acetamide 
 
Obtained Weight & Yield:  0.419g, 47.6% 
 
Appearance:  Yellowish precipitate 
 
Solubility:  EtOAc, Acetone, ACN 
 
Melting Point:  196-198 °C 
 
TLC Conditions:  EtOAc/Hexane (50/50) 
 
IR Analysis: νmax/cm-1   
3427 (NH), 2978 (CH), 2228 (CN), 1650 (CON) 
 
1H NMR Analysis: (Sign of isomers) 
 
1H NMR (400 MHz, DMSO-d6) δ 11.13 (d, J = 4.9 Hz, 1H), 7.90 – 7.37 (m, 10H), 7.29-7.16 
(m, 4H), 6.92 (d, J = 8.3 Hz, 1H), 4.03 – 3.87 (m, 1H), 2.34 (s, 3H), 1.57 – 1.20 (m, 3H), 1.20 – 
0.86 (m, 5H), 0.82-0.60 (m, 3H). 

 
13C NMR Analysis: (Sign of isomers) 
13C NMR (101 MHz, DMSO-d6) δ 167.5, 166.9, 160.1, 160.1, 159.3, 140.1, 140.1, 134.6, 134.6, 
134.5, 134.1, 133.3, 130.4, 129.4, 129.2, 129.1, 128.2, 128.1, 127.5, 127.5, 126.8, 126.6, 23.5, 
19.9, 118.48, 118.4, 118.3, 116.0, 111.9, 107.9, 107.9, 106.0, 105.9, 54.5, 54.4, 52.9, 45.4, 45.2, 
38.4, 38.2, 27.3, 26.9, 21.9, 21.1, 20.9, 19.6, 19.2, 14.4, 14.2, 11.2, 10.8. 
 
HPLC:  
RP-HPLC Alltima™ C18 5 μm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt =14.59 min, 
95.3% 
 
Mass Spectral Analysis: LRMS (ESI-) m/z 488, 243 [M-2H]2+ , 90%. HRMS for C31H28N4O2; 
calculated 489.2285, found 489.2283. 
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C31H28N4O2
Exact Mass: 488.2212
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Compound 30 
 
Compound Name: N-tert-Butyl-2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1-methyl-
1H-indole-3-yl)-acetamide 
 
Obtained Weight & Yield:  0.2g, 27% 
 
Appearance:  White precipitate 
 
Solubility:  Acetone, ACN 
 
Melting Point:  232-234 °C 
 
TLC Conditions:  EtOAc/Hexane (50/50) 
 
IR Analysis: νmax/cm-1   
3357 (NH), 2979 (CH), 2229 (CN), 1650 (CO). 
 
1H NMR Analysis: 
 
1H NMR (400 MHz, DMSO-d6) δ 7.89 (d, J = 8.8 Hz, 1H), 7.68 – 7.46 (m, 9H), 7.43 (d, J = 7.8 
Hz, 2H), 7.22-7.13 (m, 3H), 7.06 (t, J = 7.4 Hz, 1H), 3.79 (s, 3H), 1.32 (s, 9H). 

 
13C NMR Analysis:  
 
136.75, 134.1, 133.3, 130.5, 130.4, 129.3 (C x 3), 129.2 (C x 2), 127.58, 123.5, 122.2, 120.0, 
119.8, 119.0, 118.6, 115.9, 110.5, 108.0, 105.9, 54.9, 51.6, 33.1, 28.8 (C x 3). 
 
HPLC:  
RP-HPLC Alltima™ C18 5 μm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 7.03 min, 96.7% 
  
 
Mass Spectral Analysis: LRMS (ESI+) m/z 488, 243 [M-2H]2+, 100%. HRMS (ES+) for 
C31H28N4O2; calculated 489.2285, found 489.2287. 
 
 

N
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C31H28N4O2
Exact Mass: 488.2212
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8.3. Appendix to Chapter 4 
8.3.1. Biological investigation 
Statistical analysis 

 

Chapter 4, table 1 

GLI protein expression 

TP90B2 = 4 
SAG Compound 4 + 

SAG 
0.049881677 0.026802303 
0.045816634 0.025896196 
0.046748108 0.025204239 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.04748214 0.025967579 Mean 0.04748214 0.025967579 
Variance 4.53525E-06 6.42274E-07 Variance 4.53525E-06 6.42274E-07 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 2.58876E-06  
F 7.061231487  

Hypothesized 
Mean Difference 0  

P(F<=f) one-tail 0.124050525  df 4  
F Critical one-
tail 19   t Stat 16.37692008  

 
Equal  P(T<=t) one-tail 4.06887E-05  

Cl

Cl

N
H

N
H

O
NH

Cl

O

 

t Critical one-tail 2.131846786  
P(T<=t) two-tail 8.13774E-05  
t Critical two-tail 2.776445105   

** P < .001   
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Chapter 4, table 1 

SAG 17 + SAG 

TP90B4 = 17 
0.049881677 0.034917546 
0.045816634 0.042979856 
0.046748108  

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Unequal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.04748214 0.038948701 Mean 0.047482 0.038949 
Variance 4.53525E-06 3.25004E-05 Variance 4.54E-06 3.25E-05 
Observations 3 2 Observations 3 2 

df 2 1 Hypothesized 
Mean Difference 0  

F 0.139544202  df 1  
P(F<=f) one-tail 0.115801611  t Stat 2.024784  
F Critical one-tail 0.05401662   P(T<=t) one-tail 0.146021  
 

Unequal  t Critical one-tail 6.313752  

N
H

N
H

NH
O

Cl

O

F
F

F

O

 

P(T<=t) two-tail 0.292043  
t Critical two-tail 12.7062   

P= .29, No significant difference 

 

Chapter 4, table 1 

GLI protein expression 

TP152B4 = 13 
SAG  13 + SAG 

0.049882 0.026827 
0.045817 0.026603 
0.046748  

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.047482 0.026715 Mean 0.047482 0.026715 
Variance 4.54E-06 2.5E-08 Variance 4.54E-06 2.5E-08 
Observations 3 2 Observations 3 2 

F 181.3226  
Hypothesized Mean 
Difference 0  

P(F<=f) one-tail 0.05244  df 3  
F Critical one-tail 199.5   t Stat 13.06499  
 

equal  P(T<=t) one-tail 0.000484  

N
H

N
H

NH
O

Cl

O

Cl

 

t Critical one-tail 2.353363  
P(T<=t) two-tail 0.000968  
t Critical two-tail 3.182446   
**P < .001  
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   Chapter 4, table 1 

GLI protein expression  

TP67B4 = 16 
SAG 16 + SAG 
0.159728698 0.279471191 
0.149875215 0.287654457 
0.142709665 0.293284354 

F-Test Two-Sample for Variances  t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.150771192 0.286803334 Mean 0.150771192 0.286803334 
Variance 7.3014E-05 4.82442E-05 Variance 7.3014E-05 4.82442E-05 
Observations 3 3 Observations 3 3 

F 1.513425338  
Hypothesized 
Mean Difference 0 

 

P(F<=f) one-tail 0.39786342  df 4 
F Critical one-tail 19   t Stat -21.3966969 
Equal   

P(T<=t) one-tail 1.41071E-05 

N
H

N
H

NH
O

Cl

O

O

 

t Critical one-tail 2.131846786 
P(T<=t) two-tail 2.82141E-05 
t Critical two-tail 2.776445105 

*** P < .0001 

Chapter 4, table 1 

GLI protein expression 

TP93B4 = 14 
SAG 14 + SAG 
0.159728698 0.048306285 
0.149875215 0.045140059 
0.142709665 0.039920679 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.150771192 0.044455674 Mean 0.150771192 0.044455674 
Variance 7.3014E-05 1.79309E-05 Variance 7.3014E-05 1.79309E-05 
Observations 3 3 Observations 3 3 

F 4.071966173  
Hypothesized 
Mean Difference 0  

P(F<=f) one-tail 0.197162198  df 4  
F Critical one-tail 19   t Stat 19.30937692  
Equal   

P(T<=t) one-tail 2.11994E-05  

N
H

N
H

NH
O

Cl

O

HN

 

t Critical one-tail 2.131846786  
P(T<=t) two-tail 4.23987E-05  
t Critical two-tail 2.776445105   
*** P < .0001 
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Chapter 4, table 1  

GLI protein expression 

TP95B4 = 15 
SAG 15 + SAG 
0.159728698 0.056977657 
0.149875215 0.05986236 
0.142709665 0.065104256 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.150771192 0.060648091 Mean 0.150771192 0.060648091 
Variance 7.3014E-05 1.69734E-05 Variance 7.3014E-05 1.69734E-05 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 4.49937E-05  
F 4.301661077  

Hypothesized Mean 
Difference 0  

P(F<=f) one-tail 0.18862013  df 4  
F Critical one-tail 19   t Stat 16.45530501  
Equal   

P(T<=t) one-tail 3.99282E-05  

N
H

N
H

NH
O

Cl

O

 

t Critical one-tail 2.131846786  
P(T<=t) two-tail 7.98564E-05  
t Critical two-tail 2.776445105   

*** P < .0001 

 

Chapter 4, table 1  

GLI protein expression 

TP150B4 = 12  
SAG 12 + SAG 
0.159728698 0.179834193 
0.149875215 0.200700038 
0.142709665 0.219379435 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.199971222 0.150771192 Mean 0.150771192 0.199971222 
Variance 0.000391355 7.3014E-05 Variance 7.3014E-05 0.000391355 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 0.000232184  
P(F<=f) one-tail 0.157232661  df 4  
F Critical one-tail 19   t Stat -3.954526016  
Equal   

P(T<=t) one-tail 0.008377152  

N
H

N
H

NH
O

Cl

O Cl

Cl  

t Critical one-tail 2.131846786  
P(T<=t) two-tail 0.016754305  
t Critical two-tail 2.776445105   

* P < .05 
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Chapter 4, table 1 

GLI protein expression 

TP70B4 = 11 
SAG 11 + SAG 

0.107998 0.028305424 
0.102026 0.033503471 

F-Test Two-Sample for Variances  t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.105012201 0.030904 Mean 0.105012 0.030904 
Variance 1.78308E-05 1.35E-05 Variance 1.78E-05 1.35E-05 
Observations 2 2 Observations 2 2 
df 1 1 Pooled Variance 1.57E-05  
F 1.319836796  

Hypothesized Mean 
Difference 0  

P(F<=f) one-tail 0.455974259  df 2  
F Critical one-tail 161.4476388   t Stat 18.72081  
Equal   

P(T<=t) one-tail 0.001421  

N
H

N
H

NH
O

Cl

O Cl

Cl

 

t Critical one-tail 2.919986  
P(T<=t) two-tail 0.002841  
t Critical two-tail 4.302653   

* P < .05 

 

Chapter 4_ Figure 6A 

Ptch1 expression compared to SAG treatment 
SAG SAG + 11 

Compound 11= TP70B4  
0.006992 0.00296 
0.005601 0.003496 
0.005083 0.004304 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 

  Variable 1 Variable 
2   Variable 1 Variable 2 

Mean 0.005892 0.003587 Mean 0.005892 0.003587 
Variance 9.75E-07 4.58E-07 Variance 9.75E-07 4.58E-07 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 7.16E-07 

  

F 2.129241 

  

Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.319566 df 4 
F Critical one-tail 19 t Stat 3.336499 

N
H

N
H

NH
O

Cl

O Cl

Cl

 

P(T<=t) one-tail 0.014465 
t Critical one-tail 2.131847 
P(T<=t) two-tail 0.02893 
t Critical two-tail 2.776445 
*P < .05 
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Chapter 4_ Figure 6C 

Gli2 expression compared to SAG treatment 
SAG 11 + SAG 

Compound 11= TP70B4 
0.00292 0.001262 

0.002752 0.00085 
0.002025 0.001145 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.002566 0.001086 Mean 0.002566 0.001086 
Variance 2.27E-07 4.51E-08 Variance 2.27E-07 4.51E-08 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 1.36E-07 

  

F 5.026114 
  

Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.165944 df 4 
F Critical one-tail 19 t Stat 4.917768 

N
H

N
H

NH
O

Cl

O Cl

Cl

 

P(T<=t) one-tail 0.003971 
t Critical one-tail 2.131847 
P(T<=t) two-tail 0.007942 
t Critical two-tail 2.776445 
* P < .05 
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Chapter 4_ Figure 6B 

Ptch1 expression compared to SAG treatments 
SAG  14 + SAG 

Compound 14 = 
TP93B4 

0.004279 0.002781 
0.004419 0.001785 
0.003508  

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 

 
Variable 
1 Variable 2  Variable 1 Variable 2 

Mean 0.002283 0.004069 Mean 0.002283 0.004069 
Variance 4.97E-07 2.41E-07 Variance 4.97E-07 2.41E-07 
Observations 2 3 Observations 2 3 
df 1 2 Pooled Variance 3.26E-07 

 

F 2.061438 

 

Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.287565 df 3 
F Critical one-tail 18.51282 t Stat -3.42506 

N
H

N
H

NH
O

Cl

O

HN

 

P(T<=t) one-tail 0.020844 
t Critical one-tail 2.353363 
P(T<=t) two-tail 0.041688 
t Critical two-tail 3.182446 
* P < .05 

 

 

 

 

Chapter 4_ Figure 6D 

Gli2 expression compared to SAG treament 
SAG SAG + 14 

 Compound 14 = 
TP93B4 

0.000622 0.001211 
0.000766 0.000745 
0.001011 

 F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.000978 0.0008 Mean 0.000978 0.0008 
Variance 1.08E-07 3.86E-08 Variance 1.08E-07 3.86E-08 
Observations 2 3 Observations 2 3 
df 1 2 Pooled Variance 6.18E-08 

  

F 2.804829 
 

Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.235963 
 

df 3 
F Critical one-tail 18.51282   t Stat 0.784536 

N
H

N
H

NH
O

Cl

O

HN

 

P(T<=t) one-tail 0.244987 
t Critical one-tail 2.353363 
P(T<=t) two-tail 0.489973 
t Critical two-tail 3.182446 

No significant difference  P =  .48 
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Chapter 4_ Figure 7A 

GLI expression compared to SAG treatment 
SAG 16 + SAG 

Compound 16 = TP 67B4 0.1597287 0.2794712 
0.1498752 0.2876545 
0.1427097 0.2932844 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.150771192 0.2868033 Mean 0.1507712 0.2868033 
Variance 7.3014E-05 4.824E-05 Variance 7.301E-05 4.824E-05 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 6.063E-05 

  

F 1.513425338 

  

Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.39786342 df 4 
F Critical one-tail 19 t Stat 21.396697 

N
H

N
H

NH
O

Cl

O

O

 

P(T<=t) one-tail 1.411E-05 
t Critical one-tail 2.1318468 
P(T<=t) two-tail 2.821E-05 
t Critical two-tail 2.7764451 

*** P < .0001 
 

Chapter 4_ Figure 7C 

Ptch1  expression compared to SAG treatment 
SAG  16 + SAG 

Compound 16 = TP67B4 
0.004279 0.005013 
0.004419 0.005154 
0.003508  

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.004069 0.005084 Mean 0.004069 0.005084 
Variance 2.41E-07 9.93E-09 Variance 2.41E-07 9.93E-09 
Observations 3 2 Observations 3 2 
df 2 1 Pooled Variance 1.64E-07 

  

F 24.2494 
  

Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.142136 df 3 
F Critical one-tail 199.5 t Stat -2.74744 

N
H

N
H

NH
O

Cl

O

O

 

P(T<=t) one-tail 0.035447 
t Critical one-tail 2.353363 
P(T<=t) two-tail 0.070894 
t Critical two-tail 3.182446 

P =.07 No statistically significant difference 

 

 

 

Chapter 4_ Figure 7B Gli2 expression compared to SAG treatment 
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SAG 16 + SAG 

Compound 16 = TP67B4 
0.00062234 0.00147 

0.0007662 0.001084 
0.001011  

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.001276766 0.00079985 Mean 0.001276766 0.00079985 
Variance 7.46539E-08 3.8613E-08 Variance 7.46539E-08 3.8613E-08 
Observations 2 3 Observations 2 3 
df 1 2 Pooled Variance 5.06265E-08 

  

F 1.933394495 
  

Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.29890562 df 3 
F Critical one-tail 18.51282051 t Stat 2.321914136 

N
H

N
H

NH
O

Cl

O

O

 

P(T<=t) one-tail 0.051452075 
t Critical one-tail 2.353363435 
P(T<=t) two-tail 0.10290415 
t Critical two-tail 3.182446305 

P = .1 No statistically significant difference 

 

Chapter 4_ Figure 7D 

GLI protein expression compared to SAG treatment 

SAG 16  

Compound 16 (10 μM) 0.049881677 0.01346169 
0.045816634 0.01502132 
0.046748108 

 F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.04748214 0.0142415 Mean 0.04748214 0.0142415 
Variance 4.53525E-06 1.2162E-06 Variance 4.5352E-06 1.216E-06 
Observations 3 2 Observations 3 2 
df 2 1 Pooled Variance 3.4289E-06 

  

F 3.728948245 
 

Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.343849832 
 

df 3 
F Critical one-tail 199.5   t Stat 19.6644668 

N
H

N
H

NH
O

Cl

O

O

 

P(T<=t) one-tail 0.00014367 
t Critical one-tail 2.35336343 
P(T<=t) two-tail 0.00028734 
t Critical two-tail 3.18244631 
**P < .001 
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Chapter 4_ Figure 7D 

GLI protein expression compared to SAG treatment 
SAG 16  

Compound 16 (5 μM) 0.049881677 0.017292 
0.045816634 0.016201 
0.046748108 0.01791 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.04748214 0.017134668 Mean 0.017135 0.014242 
Variance 4.53525E-06 7.48681E-07 Variance 7.49E-07 1.22E-06 
Observations 3 3 Observations 3 2 
df 2 2 Pooled Variance 9.05E-07 

  

F 6.057649322 

  

Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.141690236 df 3 
F Critical one-
tail 19 t Stat 3.332365 

N
H

N
H

NH
O

Cl

O

O

 

P(T<=t) one-tail 0.02232 
t Critical one-tail 2.353363 
P(T<=t) two-tail 0.04464 
t Critical two-tail 3.182446 
* P < .05 

 

Chapter 4_ Figure 7D 

GLI protein expression compared to SAG treatment 
SAG 16  

Compound 16 (1 μM) 0.04988168 0.015585203 
0.04581663 0.017794278 
0.04674811 

 F-Test Two-Sample for Variances 
 

t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.04748214 0.01668974 Mean 0.04748214 0.0166897 
Variance 4.53525E-06 2.44E-06 Variance 4.5352E-06 2.44E-06 
Observations 3 2 Observations 3 2 
df 2 1 Pooled Variance 3.8368E-06 

  

F 1.858702953 

  

Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.460413847 df 3 
F Critical one-tail 199.5 t Stat 17.2205789 

N
H

N
H

NH
O

Cl

O

O

 

P(T<=t) one-tail 0.00021333 
t Critical one-tail 2.35336343 
P(T<=t) two-tail 0.00042666 
t Critical two-tail 3.18244631 
**P < .001 
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Chapter 4_ Figure 7D 

GLI protein expression compared to SAG treatment 
SAG 16  

Compound 16 (0.5 μM) 0.049881677 0.015478332 
0.045816634 0.016334621 
0.046748108 0.016149237 

F-Test Two-Sample for Variances 
 

t-Test: Two-Sample Assuming Unequal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.04748214 0.015987397 Mean 0.047482 0.015987 
Variance 4.53525E-06 2.02952E-07 Variance 4.54E-06 2.03E-07 
Observations 3 3 Observations 3 3 

df 2 2 
Hypothesized Mean 
Difference 0 

  

F 22.34640589 
 

df 2 
P(F<=f) one-tail 0.042833145 

 
t Stat 25.06064 

F Critical one-tail 19   P(T<=t) one-tail 0.000794 

N
H

N
H

NH
O

Cl

O

O

 

t Critical one-tail 2.919986 
P(T<=t) two-tail 0.001588 
t Critical two-tail 4.302653 

*P  < .05 
 

Chapter 4 

GLI protein expression compared to SAG treatment 
SAG 14 + SAG 

Compound 14 = TP93B4 0.220042695 0.062541147 
0.224185924 0.060026468 
0.227006267 

 F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.2237449 0.0612838 Mean 0.223744962 0.0612838 
Variance 1.22687E-05 3.16181E-06 Variance 1.22687E-05 3.16181E-06 
Observations 3 2 Observations 3 2 
df 2 1 Pooled Variance 9.23305E-06 

  

F 3.880271302 
 

Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.337858226 
 

df 3 
F Critical one-tail 199.5   t Stat 58.56897261 

N
H

N
H

NH
O

Cl

O

HN

 

P(T<=t) one-tail 5.48255E-06 
t Critical one-tail 2.353363435 
P(T<=t) two-tail 1.09651E-05 
t Critical two-tail 3.182446305 
***P < .0001 
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Chapter 4 

GLI protein expression compared to SAG treatment 
SAG 14a + SAG 

Compound 14a = TP154B5 0.220042695 0.03075343 
0.224185924 0.031741495 
0.227006267 0.031291395 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Unequal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.223744962 0.031262107 Mean 0.223745 0.031262 
Variance 1.22687E-05 2.44712E-07 Variance 1.23E-05 2.45E-07 
Observations 3 3 Observations 3 3 

df 2 2 
Hypothesized 
Mean Difference 0 

  

F 50.13519261 
 

df 2 
P(F<=f) one-tail 0.019556003 

 
t Stat 94.24653 

F Critical one-tail 19   P(T<=t) one-tail 5.63E-05 

N
H

N
H

NH
O

Cl

O

HN

 

t Critical one-tail 2.919986 
P(T<=t) two-tail 0.000113 
t Critical two-tail 4.302653 

**P < .001 
 

Chapter 4_Figure 16A 

GLI expression compared to SAG treatment 
SAG 5 + SAG 

Compound 5 = TP114B4 0.159728698 0.024331616 
0.149875215 0.052961019 
0.142709665 

 F-Test Two-Sample for Variances 
 

t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.038646317 0.150771192 Mean 0.038646317 0.150771192 
Variance 0.000409821 7.3014E-05 Variance 0.000409821 7.3014E-05 
Observations 2 3 Observations 2 3 
df 1 2 Pooled Variance 0.000185283 

  

F 5.612918291 
 

Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.141344856 
 

df 3 
F Critical one-tail 18.51282051   t Stat 9.023493375 

N
H

N

O
O

O

 

P(T<=t) one-tail 0.001436947 
t Critical one-tail 2.353363435 
P(T<=t) two-tail 0.002873894 
t Critical two-tail 3.182446305 
*P < .05 

 

 

Chapter 4_Figure 16A GLI expression compared to SAG treatment 
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SAG 5 + SAG 

Compound 33 = TP28B5 0.159728698 0.03407596 
0.149875215 0.032712635 
0.142709665 

 F-Test Two-Sample for Variances 
 

t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.150771192 0.033394298 Mean 0.150771192 0.033394298 
Variance 7.3014E-05 9.29328E-07 Variance 7.3014E-05 9.29328E-07 
Observations 3 2 Observations 3 2 
df 2 1 Pooled Variance 4.89857E-05 

  

F 78.56642383 

  

Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.079522304 df 3 
F Critical one-tail 199.5 t Stat 18.37123611 

N
H

N

O
O

O

S

 

P(T<=t) one-tail 0.000175959 
t Critical one-tail 2.353363435 
P(T<=t) two-tail 0.000351919 
t Critical two-tail 3.182446305 
** P < .001 

 

Chapter 4, table 2 

GLI expression compared to SAG treatment 
SAG 22 + SAG 

Compound 22 = TP31B5 0.1597287 0.0439865 
0.1498752 0.0433821 
0.1427097 0.0441348 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Unequal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.150771192 0.0438345 Mean 0.1507712 0.0438345 
Variance 7.3014E-05 1.59E-07 Variance 7.301E-05 1.59E-07 
Observations 3 3 Observations 3 3 

df 2 2 
Hypothesized Mean 
Difference 0 

  

F 459.2192304 
 

df 2 
P(F<=f) one-tail 0.002172877 

 
t Stat 21.652709 

F Critical one-tail 19   P(T<=t) one-tail 0.0010631 

N
H

N

O
O

O

O

 

t Critical one-tail 2.9199856 
P(T<=t) two-tail 0.0021261 
t Critical two-tail 4.3026527 

* P < .05 
 

 

Chapter 4, table 2 GLI expression compared to SAG treatment 
SAG 23 + SAG Compound 23 = TP142B4 
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0.159728698 0.019299269 
0.149875215 0.020845687 
0.142709665 0.016022084 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.15077119 0.01872234 Mean 0.150771192 0.01872234 
Variance 7.3014E-05 6.06641E-06 Variance 7.3014E-05 6.06641E-06 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 3.95402E-05 

  

F 12.03576841 

  

Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.07671201 df 4 
F Critical one-tail 19 t Stat 25.71940371 

N
H

N

O
O

O

Cl 

P(T<=t) one-tail 6.78755E-06 
t Critical one-tail 2.131846786 
P(T<=t) two-tail 1.35751E-05 
t Critical two-tail 2.776445105 
*** P < .0001 

 

Chapter 4, table 2 

GLI expression compared to SAG treatment 
SAG 24 + SAG 

Compound 24 = TP140B4 0.1597287 0.0651874 
0.1498752 0.0625071 
0.1427097 0.0682888 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.150771192 0.0653278 Mean 0.1507712 0.0653278 
Variance 7.3014E-05 8.372E-06 Variance 7.301E-05 8.372E-06 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 4.069E-05 

  

F 8.721455962 
 

Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.10286525 
 

df 4 
F Critical one-tail 19   t Stat 16.404579 

N
H

N

O
O

O
ClCl

 

P(T<=t) one-tail 4.042E-05 
t Critical one-tail 2.1318468 
P(T<=t) two-tail 8.084E-05 
t Critical two-tail 2.7764451 
*** P < .0001 

 

Chapter 4, table 

GLI expression compared to SAG treatment 
SAG 25+ SAG 

Compound 25 = TP37B4 0.159728698 0.014188853 
0.149875215 0.013219172 
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0.142709665  

F-Test Two-Sample for Variances  t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.150771192 0.013704013 Mean 0.150771192 0.013704013 
Variance 7.3014E-05 4.70141E-07 Variance 7.3014E-05 4.70141E-07 
Observations 3 2 Observations 3 2 
df 2 1 Pooled Variance 4.88327E-05 

  

F 155.3023402  
Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.056649752  df 3 
F Critical one-tail 199.5   t Stat 21.48665482 

N
H

N

O
O

O
O

 

P(T<=t) one-tail 0.000110296 
t Critical one-tail 2.353363435 
P(T<=t) two-tail 0.000220591 
t Critical two-tail 3.182446305 
** P < .001 

 

Chapter 4, table 

GLI expression compared to SAG treatment 
SAG 26+ SAG 

Compound 26 = TP34B5 0.1597287 0.1677918 
0.1498752 0.1762933 
0.1427097 0.1701978 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.150771192 0.1714277 Mean 0.1507712 0.1714277 
Variance 7.3014E-05 1.92E-05 Variance 7.301E-05 1.92E-05 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 4.611E-05 

  

F 3.8021767 
 

Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.208238901 
 

df 4 
F Critical one-tail 19   t Stat -3.7257281 

N
H

N

O
O

O

N

N

 

P(T<=t) one-tail 0.0101863 
t Critical one-tail 2.1318468 
P(T<=t) two-tail 0.0203725 
t Critical two-tail 2.7764451 
* P < .05 
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Chapter 4 GLI expression compared to SAG treatment 

Chapter 4 SAG Sonidegib + SAG 
 0.159728698 0.029175821 

Sonidegib 0.149875215 0.028473746 
0.142709665 

 
F-Test Two-Sample for Variances 

 

t-Test: Two-Sample Assuming Unequal 
Variances 

  Variable 1 Variable 2   Variable 1 Variable 2 
Mean 0.150771192 0.028824783 Mean 0.150771192 0.028824783 
Variance 7.3014E-05 2.46454E-07 Variance 7.3014E-05 2.46454E-07 
Observations 3 2 Observations 3 2 

df 2 1 
Hypothesized 
Mean Difference 0 

  

F 296.25764 
 

df 2 
P(F<=f) one-tail 0.041047248 

 
t Stat 24.65642074 

F Critical one-tail 199.5   P(T<=t) one-tail 0.000820427 
F3CO

HN

O

N

N O

 

t Critical one-tail 2.91998558 
P(T<=t) two-tail 0.001640854 
t Critical two-tail 4.30265273 
*P < .05 

 

 

 

Chapter 4, table 2 

GLI protein expression compared to SAG treatment 
SAG 20 + SAG 

Compound 20 = 
TP111B4 

0.1174 0.0084 
0.1080 0.0076 
0.1020  

F-Test Two-Sample for Variances  t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 
Mean 0.109141557 0.007990237 Mean 0.109141557 0.0079902 
Variance 6.00701E-05 3.07902E-07 Variance 6.00701E-05 3.079E-07 
Observations 3 2 Observations 3 2 
df 2 1 Pooled Variance 4.01494E-05   
F 195.0951801  Hypothesized 

Mean Difference 
0 

P(F<=f) one-tail 0.050559868  df 3 
F Critical one-tail 199.5   t Stat 17.48729593 

N
H

N

O
O

O

H
N

 

P(T<=t) one-tail 0.00020379 
t Critical one-tail 2.353363435 
P(T<=t) two-tail 0.000407581 
t Critical two-tail 3.182446305 
** P < .001 
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Chapter 4,  Figure 8A 

Ptch1 expression compared with SAG treatment 
SAG 20 + SAG 

Compound 20 = TP111B4 
0.003508 0.001785 
0.004419 0.002323 
0.004279  

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.00406852 0.002054 Mean 0.004069 0.002054 
Variance 2.4086E-07 1.45E-07 Variance 2.41E-07 1.45E-07 
Observations 3 2 Observations 3 2 
df 2 1 Pooled Variance 2.09E-07 

  

F 1.66529569  
Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.48053652  df 3 
F Critical one-tail 199.5   t Stat 4.830171 

N
H

N

O
O

O

H
N

 

P(T<=t) one-tail 0.008458 
t Critical one-tail 2.353363 
P(T<=t) two-tail 0.016917 
t Critical two-tail 3.182446 
* P < .05 

 

Chapter 4,  Figure 8A 

Ptch1 expression compared with SAG treatment 
SAG 25+ SAG 

Compound 25 = 
TP137B4 

0.003508 0.002705 
0.004419 0.002438 
0.004279  

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.004068519 0.002572 Mean 0.004069 0.002572 
Variance 2.40864E-07 3.57E-08 Variance 2.41E-07 3.57E-08 
Observations 3 2 Observations 3 2 
df 2 1 Pooled Variance 1.72E-07 

  

F 6.750005712  
Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.262612762  df 3 
F Critical one-tail 199.5   t Stat 3.948177 

N
H

N

O
O

O
O

 

P(T<=t) one-tail 0.01449 
t Critical one-tail 2.353363 
P(T<=t) two-tail 0.028979 
t Critical two-tail 3.182446 
* P < .05 
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Chapter 4,  Figure 8B 

Gli2 expression compared with SAG treatment 
SAG 20 + SAG 

Compound 20 = 
TP111B4 

0.000766195 0.000357 
0.001011001 0.000459 
0.001011001 

 F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.000889 0.000408097 Mean 0.000889 0.000408 
Variance 3E-08 5.13171E-09 Variance 3E-08 5.13E-09 
Observations 2 2 Observations 2 2 
df 1 1 Pooled Variance 1.75E-08 

  

F 5.839157 

  

Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.249793 df 2 
F Critical one-tail 161.4476 t Stat 3.627246 

N
H

N

O
O

O

H
N

 

P(T<=t) one-tail 0.034155 
t Critical one-tail 2.919986 
P(T<=t) two-tail 0.06831 
t Critical two-tail 4.302653 

P = 0.07 
 

 

Chapter 4, Figure 8B 

Gli2 expression compared with SAG treatment 
SAG 25 + SAG 

Compound 25= TP137B4 
0.000766 0.000367 
0.001011 0.00036 
0.001011  

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Unequal Variances 

  Variable 1 Variable 
2   Variable 1 Variable 2 

Mean 0.000929 0.000364 Mean 0.000929 0.000364 
Variance 2E-08 2.86E-11 Variance 2E-08 2.86E-11 
Observations 3 2 Observations 3 2 

df 2 1 Hypothesized Mean 
Difference 0 

  

F 698.5176  df 2 
P(F<=f) one-tail 0.026745  t Stat 6.924872 
F Critical one-tail 199.5   P(T<=t) one-tail 0.010111 

N
H

N

O
O

O
O

 

t Critical one-tail 2.919986 
P(T<=t) two-tail 0.020223 
t Critical two-tail 4.302653 

* P < .05 

 

 

Chapter 4_ Figure 19 GLI expression compared to SAG treatment at 48h 
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SAG for 12h SAG for 48h  
0.040488886 0.129164 

Smo agonist 12h 0.043146551 0.140141 
0.039622697 0.1337336 

F-Test Two-Sample for Variances  t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.134346188 0.041086045 Mean 0.134346188 0.041086 
Variance 3.0405E-05 3.37183E-06 Variance 3.0405E-05 3.37E-06 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 1.68884E-05 

  

F 9.017347504  
Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.099826825  df 4 
F Critical one-tail 19   t Stat 27.79375337 

S

Cl

N

O

HN

N

 

P(T<=t) one-tail 4.98418E-06 
t Critical one-tail 2.131846786 
P(T<=t) two-tail 9.96836E-06 
t Critical two-tail 2.776445105 
*** P < .0001 

 

Chapter 4, Figure 9 

GLI expression compared to SAG treatment at 48h 
SAG for 24h SAG for 48h 

Smo agonist 24h 
0.1000273 0.129163972 

0.09081273 0.140140963 
0.10296968 0.13373363 

F-Test Two-Sample for Variances  t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.097936569 0.13434619 Mean 0.097937 0.134346 
Variance 4.02262E-05 3.0405E-05 Variance 4.02E-05 3.04E-05 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 3.53E-05 

  

F 1.323013713  
Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.430475289  df 4 
F Critical one-tail 19   t Stat -7.50375 

S

Cl

N

O

HN

N

 

P(T<=t) one-tail 0.000844 
t Critical one-tail 2.131847 
P(T<=t) two-tail 0.001688 
t Critical two-tail 2.776445 
* P < .05 

 

 

Chapter 4, Figure 9 
GLI expression compared to SAG treatment at 48h 
SAG for 36h SAG for 48h Smo agonist 36h 
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0.113911824 0.129164 
0.110760819 0.140141 

 0.133734 
F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 

  Variable 1 Variable 2   Variable 1 Variable 2 
Mean 0.134346 0.112336322 Mean 0.134346 0.112336 
Variance 3.04E-05 4.96442E-06 Variance 3.04E-05 4.96E-06 
Observations 3 2 Observations 3 2 
df 2 1 Pooled Variance 2.19E-05 

  

F 6.124588 
  

Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.27473 df 3 
F Critical one-tail 199.5 t Stat 5.149204 

S

Cl

N

O

HN

N

 

P(T<=t) one-tail 0.007099 
t Critical one-tail 2.353363 
P(T<=t) two-tail 0.014198 
t Critical two-tail 3.182446 
* P < .05 

 

Chapter 4, Figure 9 

GLI expression compared to 48h SAG control 
SAG 14a + SAG 12h 

Compound 14a = 
TP154B5  
12h 

0.120289 0.026454 
0.124113 0.030987 
0.114701 0.029956 

F-Test Two-Sample for Variances  t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.119701171 0.029132 Mean 0.119701 0.029132 
Variance 2.24043E-05 5.65E-06 Variance 2.24E-05 5.65E-06 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 1.4E-05 

  

F 3.967881723  
Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.201293037  df 4 
F Critical one-tail 19   t Stat 29.61887 

N
H

N
H

NH
O

Cl

O

HN

 

P(T<=t) one-tail 3.87E-06 
t Critical one-tail 2.131847 
P(T<=t) two-tail 7.74E-06 
t Critical two-tail 2.776445 
*** P < .0001 
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GLI expression compared to 48h SAG control 
SAG 14a + SAG 24h Compound 14a = 
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0.120289 0.026661 TP154B5 
 24h 0.124113 0.026548 

0.114701 0.034577 
F-Test Two-Sample for Variances  t-Test: Two-Sample Assuming Equal Variances 

  Variable 1 Variable 2   Variable 1 Variable 2 
Mean 0.119701171 0.029262 Mean 0.119701 0.029262 
Variance 2.24043E-05 2.12E-05 Variance 2.24E-05 2.12E-05 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 2.18E-05 

  

F 1.057337219  
Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.486065187  df 4 
F Critical one-tail 19   t Stat 23.72491 

N
H

N
H

NH
O

Cl

O

HN

 

P(T<=t) one-tail 9.36E-06 
t Critical one-tail 2.131847 
P(T<=t) two-tail 1.87E-05 
t Critical two-tail 2.776445 
*** P < .0001 
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 GLI expression compared to 48h SAG control 
SAG 14a + SAG 36h 

Compound 14a = 
TP154B5  
36h 

0.120289 0.068748 
0.124113 0.058246 
0.114701 0.060572 

F-Test Two-Sample for Variances  t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.062522002 0.119701 Mean 0.062522 0.119701 
Variance 3.04241E-05 2.24E-05 Variance 3.04E-05 2.24E-05 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 2.64E-05 

  

F 1.35795558  
Hypothesized Mean 
Difference 0 

P(F<=f) one-tail 0.424096199  df 4 
F Critical one-tail 19   t Stat -13.6259 

N
H

N
H

NH
O

Cl

O

HN

 

P(T<=t) one-tail 8.4E-05 
t Critical one-tail 2.131847 
P(T<=t) two-tail 0.000168 
t Critical two-tail 2.776445 
** P < .001 

 
Chapter 4, Figure 9 

GLI expression compared to 48h SAG control 
SAG 28+ SAG 12h 

Compound 28 = TP142B5 
12h 

0.120289313 0.021721638 
0.124112936 0.019857728 
0.114701264 0.019129766 
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F-Test Two-Sample for Variances  t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.119701171 0.020236377 Mean 0.119701171 0.020236 
Variance 2.24043E-05 1.78698E-06 Variance 2.24043E-05 1.79E-06 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 1.20957E-05  
F 12.53752335  

Hypothesized 
Mean Difference 0  

P(F<=f) one-tail 0.073868755  df 4  
F Critical one-tail 19   t Stat 35.02679172  

N
H

N

O
O

O

H
N

Cl 

P(T<=t) one-tail 1.98227E-06  
t Critical one-tail 2.131846786  
P(T<=t) two-tail 3.96455E-06  
t Critical two-tail 2.776445105   
*** P < .0001 

 

Chapter 4, Figure 9 

GLI expression compared to 48h SAG control 
SAG 28+ SAG 24h 

Compound 28 = TP142B5 
24h 

0.120289 0.020181 
0.124113 0.019004 
0.114701 0.019066 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Unequal 
Variances 

  Variable 1 Variable 2   Variable 1 Variable 2 
Mean 0.119701 0.019417 Mean 0.119701 0.019417 
Variance 2.24E-05 4.39E-07 Variance 2.24E-05 4.39E-07 
Observations 3 3 Observations 3 3 

df 2 2 Hypothesized 
Mean Difference 0 

  

F 51.03879  df 2 
P(F<=f) one-tail 0.019216  t Stat 36.34236 
F Critical one-tail 19   P(T<=t) one-tail 0.000378 

N
H

N

O
O

O

H
N

Cl 

t Critical one-tail 2.919986 
P(T<=t) two-tail 0.000756 
t Critical two-tail 4.302653 

** P < .001 

Chapter 4, Figure 9 

GLI expression compared to 48h SAG control 
SAG 28+ SAG 36h 

Compound 28 = TP142B5 
36h 

0.120289 0.038341 
0.124113 0.029004 
0.114701 0.033952 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2   Variable 1 Variable 2 

Mean 0.119701 0.033766 Mean 0.119701 0.033766 



302 
 

Variance 2.24E-05 2.18E-05 Variance 2.24E-05 2.18E-05 
Observations 3 3 Observations 3 3 
df 2 2 Pooled Variance 2.21E-05 

  

F 1.026736  
Hypothesized 
Mean Difference 0 

P(F<=f) one-tail 0.493404  df 4 
F Critical one-tail 19   t Stat 22.38193 

N
H

N

O
O

O

H
N

Cl 

P(T<=t) one-tail 1.18E-05 
t Critical one-tail 2.131847 
P(T<=t) two-tail 2.36E-05 
t Critical two-tail 2.776445 
*** P < .0001 
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8.3.2. Compounds characterization 
A. The tryptophan derivatives 

 
COMPOUND 4 
 
Compound Name: N-(4-Chloro-benzyl)-2-[2-(3,4-dichloro-phenyl)-acetylamino]-3-(1H-

indole-3-yl)-propionamide 

Obtained Weight & Yield:  182 mg, 35% 

Appearance:  White floppy precipitate 

Solubility:  EtOAc, Acetone  

Melting Point:  208 − 209 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3410 (NH), 3277 (NH), 3068 (CH), 1636 (CON) 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 10.84 (s, 1H), 8.56 (t, J = 8.0 Hz, 1H), 8.43 (d, J = 8.1 Hz, 

1H), 7.60 (d, J = 7.9 Hz, 1H), 7.47 (d, J = 8.2 Hz, 1H), 7.42 (d, J = 1.8 Hz, 1H), 7.35 (d, J = 8.1 

Hz, 1H), 7.28 (d, J = 8.4 Hz, 2H), 7.16 – 7.02 (m, 5H), 6.97 (t, J = 7.1 Hz, 1H), 4.59 (dd, J = 

8.0, 12.0 Hz, 1H), 4.24 (ddd, JA’X’ = JB’X’ = 8.0, JA’B’= 16 Hz, 2H), 3.47 (s, 2H), 3.05 (ddd, JAX = 

4.0, JBX = 8.0, JAB = 16.0 Hz, 2H). 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 171.9, 169.6, 138.7, 138.0, 136. 6, 131.6, 131.5, 131.0, 

130.6, 129.8, 129.4, 129.2 (C x 2), 128.5 (C x 2), 127.7, 124.2, 121.4, 119.0, 118.7, 111.8, 

110.4, 54.2, 41.8, 41.2, 28.5. 

HPLC: RP-HPLC Alltima™ C18 5 μm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt =14.31 

min, 100%.  

Mass Spectral Analysis: LRMS (ESI+) m/z: 513, 514 [M+H, 35Cl]+, 95%. HRMS (ES+) for 

C26H22Cl3N3O2, calculated 514.0850, found 514.0850. 
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Cl

C26H22Cl3N3O2
Exact Mass: 513.0778
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COMPOUND 11 
 
Compound Name: N-(4-Chloro-benzyl)-2-[2-(2,4-dichloro-phenyl)-acetylamino]-3-(1H-indol-

3-yl)-propionamide 

Obtained Weight & Yield:  55 mg, 24% 

Appearance:  Milky precipitate 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  207-208 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3410 (NH), 3280 (NH), 3065 (CH), 1642 (CON) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ (400 MHz, DMSO-d6) δ 10.85 (s, 1H), 8.54 (t, J = 4.0 Hz, 

1H), 8.40 (d, J = 8.2 Hz, 1H), 7.62 (d, J = 7.8 Hz, 1H), 7.53 (d, J = 2.1 Hz, 1H), 7.36 (d, J = 8.1 

Hz, 1H), 7.33 – 7.23 (m, 3H), 7.12 (ddd, J = 22.2, 12.5, 7.8 Hz, 5H), 6.98 (t, J = 7.4 Hz, 1H), 

4.63 (dd, J = 8.0, 16.0 Hz, 1H), 4.25 (ddd, JA’X’ = JB’X’ = 4.0, JA’B’= 16 Hz, 2H), 3.60 (s, 2H), 

3.07 (ddd, JAX = 4.0, JBX= 8.0, JAB= 16.0 Hz, 2H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 171.9, 168.9, 138.8, 136.6, 135.0, 133.9, 133.3, 132.3, 131.6, 

129.3 (C x 2), 128.8, 128.5 (C x 2) 127.7, 127.4, 124.2, 121.3, 119.0, 118.7, 111.7, 110.4, 54.2, 

41.8, 31.0, 28.5. 

 

HPLC:  

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt =14.38 min, 

99.2%. 

  

Mass Spectral Analysis: LRMS (APCI+) m/z 513, 514 [M+H, 35Cl]+ 50%. HRMS (ES+) for 

C26H22Cl3N3O2, calculated 514.0850, found 514.0850. 
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Compound 11 



312 
 

 
 

Compound 11 



313 
 

 
 

N
H

N
H

NH
O

Cl

O Cl

Cl

Compound 23Compound 11 



314 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Compound 11 
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COMPOUND 12 
 

Compound Name: N-(4-Chloro-benzyl)-2-[2-(2,6-dichloro-phenyl)-acetylamino]-3-(1H-indol-

3-yl)-propionamide 

Obtained Weight & Yield:  80 mg, 40% 

Appearance:  White crystal 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  265-256 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3410 (NH), 3292 (NH), 3252 (NH), 1641 (CON) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 10.85 (s, 1H), 8.49 (t, J = 4.0 Hz, 1H), 8.40 (d, J = 8.2 Hz, 

1H), 7.60 (d, J = 7.9 Hz, 1H), 7.41 (d, J = 7.9 Hz, 2H), 7.34 (d, J = 8.1 Hz, 1H), 7.28 (ddd, J = 

8.6, 4.7, 2.5 Hz, 3H), 7.13 (d, J = 2.2 Hz, 1H), 7.11 – 7.03 (m, 3H), 7.00 – 6.94 (m, 1H), 4.60 

(dd, J = 8.0 Hz, 1H), 4.24 (ddd, JA’X’ = 8.0, JB’X’ = 4.0, JA’B’= 16 Hz, 2H), 3.84 (q, J = 16.3 Hz, 

2H), 3.07 (ddd, JAX = 6, JBX = 8.0, JAB= 12 Hz, 2H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 171.9, 167.8, 138.7, 136.5, 136.0 (Cx2), 133.1, 131.6, 129.6, 

129.2 (C x 2), 128.5 (C x 2), 128.5 (C x 2), 127.8, 124.1, 121.3, 118.9, 118.7, 111.7, 110.4, 

54.3, 41.8, 37.9, 28.6. 

HPLC:  

RP-HPLC Alltima™ C18 5 µm 150 mm x4.6 mm, 10–100% B in 15 min, Rt = 6.54 min, 100% 

 Mass Spectral Analysis: LRMS (ESI+) m/z 513, 514 [M+H, 35Cl]+ 95%. HRMS (ES+) for 

C26H22Cl3N3O2, calculated 514.0850, found 514.0850. 

  
  
 

N
H

N
H

NH
O

Cl

O Cl

Cl

C26H22Cl3N3O2
Exact Mass: 513.0778
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Compound 12 
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DMSO 

DMSO 

Compound 12 
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Compound 12 
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COMPOUND 13 
 
Compound Name: N-(4-Chloro-benzyl)-2-[2-(4-chloro-phenyl)-acetylamino]-3-(1H-indol-3-

yl)-propionamide 

Obtained Weight & Yield:  60 mg, 32% 

Appearance:  White crystal 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  205.2-206.3 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

 

IR Analysis: νmax/cm-1   

3410 (NH), 3292 (NH), 3061 (CH), 1635 (CON) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 10.84 (s, 1H), 8.55 (t, J = 6.0 Hz, 1H), 8.38 (d, J = 8.2 Hz, 

1H), 7.60 (d, J = 7.9 Hz, 1H), 7.36 (d, J = 8.1 Hz, 1H), 7.32 – 7.21 (m, 4H), 7.16 – 7.01 (m, 

6H), 7.01 – 6.90 (m, 1H), 4.59 (dd, J = 8 Hz, 1H), 4.23 (ddd, JA’X’ = 8, JB’X’ = 6.0, JA’B’= 16 Hz, 

2H), 3.44 (dd, J = 19.8, 14.4 Hz, 2H), 3.05 (ddd, JAX = 6, JBX = 8, JAB = 16 Hz, 2H). 

13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 172.0, 170.0, 138.7, 136.6, 135.8, 131.6, 131.4, 131.3 (C x 

2), 129.2 (C x 2), 128.5 (C x 2), 128.4 (C x 2), 127.7, 124.2, 121.4, 119.0, 118.7, 111.7, 110.4, 

54.1, 41.8, 41.7, 28.5. 

HPLC:  

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 13.69 min, 

100%. 

 Mass Spectral Analysis: LRMS (ESI+) m/z 479, 480 [M+H, 35Cl]+, 100%. HRMS (ES+) for 

C26H23Cl2N3O2, calculated 480.1240, found 480.1240. 
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Exact Mass: 479.1167
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Compound 13 
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Compound 13 
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COMPOUND 14 
 
Compound Name: 1H-Indole-2-carboxylic acid [1-(4-chloro-benzylcarbamoyl)-2-(1H-indol-3-

yl)-ethyl]-amide (L-isomer) 

Obtained Weight & Yield:  97 mg, 50% 

Appearance:  White powder 

Solubility:  Acetone, ACN 

Melting Point:  229.5-230.7 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

 

IR Analysis: νmax/cm-1   

3422 (NH), 3381 (NH), 3316 (NH), 1630 (CON) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ (400 MHz, DMSO-d6) δ 11.53 (s, 1H), 10.80 (s, 1H), 8.70 (t, 

J = 6.0 Hz, 1H), 8.57 (d, J = 8.1 Hz, 1H), 7.71 (d, J = 7.8 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 

7.41 (d, J = 8.2 Hz, 1H), 7.33 (dd, J = 7.7, 5.5 Hz, 3H), 7.25 – 7.14 (m, 5H), 7.09 – 6.96 (m, 

3H), 4.80 (dd, J = 9.2, 5.0 Hz, 1H), 4.31 (dd, JA’X’ =JB’X’ = 6.0, JA’B’= 16.0 Hz, 2H), 3.24 (ddd, 

JAX = 5.0, JBX = 9.6, JAB = 14.4 Hz, 2H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 172.3, 161.5, 138.9, 136.9, 136.5, 131.7, 129.3 (C x 2), 128.6 

(C x 2), 127.7, 127.5, 124.3, 123.8, 122.0, 121.4, 120.2, 119.0, 118.7, 112.7, 111.8, 110.8, 

103.8, 54.5, 41.9, 28.2. 

 

HPLC:  

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 13.35 min, 

100%. 

 Mass Spectral Analysis: LRMS (APCI+) m/z 470, 471 [M+H, 35Cl]+, 90%. HRMS (ES+) for 

C27H23ClN4O2 calculated 471.1582, found 471.1582. 
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Compound 14 
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COMPOUND 14a 
 
Compound Name: 1H-Indole-2-carboxylic acid [1-(4-chloro-benzylcarbamoyl)-2-(1H-indol-3-

yl)-ethyl]-amide (D-isomer) 

Obtained Weight & Yield:  156 mg, 48% 

Appearance:  Off-white powder 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  227-227.5 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

 

IR Analysis: νmax/cm-1   

3420 (NH), 3382 (NH), 3325 (NH), 1630 (CONH), 1656 (CON), 737 (CH-aromatics) 
1H NMR Analysis: 
1H (400 MHz, DMSO-d6) δ 11.53 (s, 1H), 10.81 (d, J = 1.6 Hz, 1H), 8.71 (t, J = 6.0 Hz, 1H), 

8.58 (d, J = 8.1 Hz, 1H), 7.72 (d, J = 7.8 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.45 – 7.39 (m, 1H), 

7.37 – 7.30 (m, 3H), 7.26 – 7.14 (m, 5H), 7.11 – 6.95 (m, 3H), 4.82 (dd, J = 9.2, 5.2 Hz, 1H), 

4.32 (dd, JA’X’ =JB’X’ = 6.0, JA’B’= 16.0 Hz, 2H), 3.23 (ddd, JAX = 5.2, JBX = 9.6, JAB = 14.4 Hz, 

2H).. 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 172.3, 161.5, 138.9, 136.9, 136.6, 131.8, 131.7, 129.3 (C x 

2), 128.6 (C x 2), 127.7, 127.5, 124.3, 123.8, 122.0, 121.4, 120.2, 119.0, 118.7, 112.7, 111.8, 

110.8, 103.9, 54.5, 42.0, 28.2. 

HPLC:  

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 6.44 min, 

100%. 

  

Mass Spectral Analysis: LRMS (ESI+) m/z 470, 470 [M+H, 35Cl]+, 80%. HRMS (ES+) for 

C27H23ClN4O2 calculated 471.1582, found 471.1584. 
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Compound Chemical 

Formula 
Predicted 
monoisoto
pic neutral 
MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS Ions Main 
MS/MS 
Fragment
s 

TP154 B5  C27H23ClN4O2 470.15823 471.1510 471.15844   
 471.15844 
302.12936 
114.04477 

302.1294 

285.1028 

144.0448 

 

 

 

 

  

TP_154b5_160412151631 #3870-3962 RT: 14.97-15.31 AV: 23 NL: 4.65E5
T: FTMS + p NSI Full lock ms [150.00-700.00]

469.5 470.0 470.5 471.0 471.5 472.0 472.5 473.0 473.5 474.0 474.5 475.0 475.5 476.0
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COMPOUND 15 
 
Compound Name: Naphthalene-1-carboxylic acid [1-(4-chloro-benzylcarbamoyl)-2-(1H-indol-

3-yl)-ethyl]-amide 

Obtained Weight & Yield:  57 mg, 41% 

Appearance: Off-white powder 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  165.7-166.5 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3398 (NH), 3268 (bp NH), 3049 (CH), 1627 (CON), 739 (CH-aromatics) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 10.89 (s, 1H), 8.73−8.67 (m, 2H) (overlapped two NH 

amides), 8.02 – 7.86 (m, 3H), 7.74 (d, J = 7.8 Hz, 1H), 7.57 – 7.47 (m, 3H), 7.47 – 7.32 (m, 

4H), 7.27 (d, J = 8.5 Hz, 3H), 7.11 (dd, J = 11.1, 3.9 Hz, 1H), 7.02 (dd, J = 11.0, 3.9 Hz, 1H), 

4.93 (ddd, J = 9.3, 5.2 Hz, 1H), 4.37 (ddd, JA’X’ =JB’X’ = 8.0, JA’B’= 16.0 Hz, 2H), 3.23 (ddd, JAX 

= 5.2, JBX= 9.6, JAB = 14.4 Hz, 2H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 172.3, 169.0, 139.0, 136.7, 135.0, 133.5, 131.7, 130.2 (C x 

2), 129.4 (C x 2), 128.6 (C x 3), 127.8, 126.9, 126.6, 126.0, 125.8, 125.3, 124.4, 121.4, 119.1, 

118.7, 111.8, 110.7, 54.8, 42.0, 28.1. 

 

HPLC:  

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 13.6 min, 

99.1% 

 

Mass Spectral Analysis: LRMS (APCI+) m/z 481, 482 [M+H, 35Cl]+, 90%. HRMS (ES+) for 

C29H24ClN3O2, calculated 482.1630, found 482.1630. 
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Compound 15 



347 
 

 

Compound 15 



348 
 

 
 
 
 
 

Compound 15 



349 
 

 
 

DMSO 

Compound 15 
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C29H24ClN3O2 
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COMPOUND 16 

 

Compound Name: 4-Benzoyl-N-[1-(4-chloro-benzylcarbamoyl)-2-(1H-indol-3-yl)- ethyl]-

benzamide 

Obtained Weight & Yield: 120 mg, 45%  
Appearance: White powder Solubility: EtOAc, 

Acetone, ACN Melting Point: 202 − 202.5 ºC  
TLC Conditions: EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1 

3440 (NH), 3304 (NH), 1662 (CO), 1632 (CON), 743 (CH-aromatics) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 10.80 (s, 1H), 8.80 (d, J = 8.0 Hz, 1H), 8.68 (t, J = 5.9 Hz, 
1H), 8.00 (d, J = 8.4 Hz, 2H), 7.81 – 7.66 (m, 6H), 7.58 (t, J = 7.6 Hz, 2H), 7.33 (dd, J = 8.2, 
3.5 Hz, 3H), 7.21 (dd, J = 9.2, 5.3 Hz, 3H), 7.03 (dt, J = 30.0, 7.0 Hz, 2H), 4.81 (dd, J = 9.3, 5.2 
Hz, 1H), 4.30 (ddd, JA’X’ = 5.6, JB’X’ = 4.4, JA’B’= 15.6 Hz, 2H), 3.25 (ddd, JAX = 5.2, JBX = 9.7, 
JAB = 14.4 Hz, 2H). 
 
13C NMR Analysis: 

13C NMR (101 MHz, DMSO-d6) δ 195.9, 172.1, 166.0, 139.7, 138.9, 137.8, 137.1, 136.6, 133.5, 

131.7, 130.2 (C x 2), 129.8 (C x 2), 129.3 (C x 2), 129.1 (C x 2), 128.6 (C x 2), 128.2 (C x 2), 

127.7, 124.2, 121.4, 119.0, 118.7, 111.8, 110.8, 55.0, 42.0, 28.0. 

 

HPLC: 

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 14.1 min, 

100% 

 

Mass Spectral Analysis: LRMS (APCI+) m/z 535, 536 [M+H, 35Cl]+, 20%. HRMS (ES+), 

for C32H26ClN3O3, calculated 536.1735, found 536.1735. 

N
H

N
H

NH
O

Cl

O

O

C32H26ClN3O3
Exact Mass: 535.1663
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COMPOUND 17 
 
Compound Name:  N-[1-(4-Chloro-benzylcarbamoyl)-2-(1H-indol-3-yl)-ethyl]-3,3,3-trifluoro-

2-methoxy-2-phenyl-propionamide 

Obtained Weight & Yield:  171 mg, 71% 

Appearance: White powder 

Solubility:  DMSO  

Melting Point:  171 − 1720C 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3310 (bp,NH), 2925 (CH), 1657 (CON), 741 (CH-aromatics) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 10.82 (s, 1H), 8.70 (t, J = 8.0 Hz, 1H), 8.17 (d, J = 8.5 Hz, 

1H), 7.62 (d, J = 7.9 Hz, 1H), 7.43 – 7.32 (m, 4H), 7.30 – 7.18 (m, 4H), 7.13 – 7.01 (m, 3H), 

7.01 – 6.90 (m, 2H), 4.81 (dd, J = 8.0, 4.0 Hz, 1H), 4.32 (ddd, JA’X’ = 6.0, JB’X’ = 8.0, JA’B’= 16.0 

Hz, 2H), 3.27 (s, 3H), 3.15 (ddd, JAX = 4, JBX = 8, JAB = 16.0 Hz, 2H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 171.4, 165.6, 138.6, 136.6, 132.8, 131.8, 129.8, 129.4 (C x 

4), 128.7 (C x 2), 128.6 (C x 4), 127.8, 124.4, 121.4, 119.0, 118.7, 111.7, 109.9, 84.4, 84.2, 

83.9, 83.7, 55.2, 53.8, 42.0, 28.1. 

Note: CF3 splitting are detected at 84.0 (q, J = 25.2 Hz) and presented in italic values 

 

Mass Spectral Analysis: LRMS (APCI+) m/z 543, 544 [M+ H, 35Cl]+, 50%. HRMS (ES+) for 

C28H25ClF3N3O3, calculated 543.1646, found 544.1611 

 

HPLC:  

RP-HPLC Alltima™ C18 5µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 14.5 min, 100% 
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C28H25ClF3N3O3
Mol. Wt.: 543.9646
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C28H25ClF3N3O3
Exact Mass: 543.1537

N
H

N
H

NH
O

Cl

O

F
F

F

O

Compound Chemical 
Formula 

Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main 
MS/MS 
Fragments 

Compound 
17 

C28H25ClF3N3O3 543.1537 544.1609 544.1610 544.1610 375.1319 

 

 
  

Compound 17 
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B. The benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine analogues 
 
COMPOUND 5 
 
Compound Name: N-(1,3-benzodioxol-4-ylmethyl)-N-[2-(1H-indol-3-yl)ethyl]-napthalene-

carboxamide 

Obtained Weight & Yield:  110 mg, 67% 

Appearance:  White crystalline powder 

Solubility:   Acetone, DMSO 

Melting Point:  199 − 200 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3215 (NH), 1608 (CON), 743 (CH- aromatics) 

*Proton and carbon spectra displays an atropisomeric property of compound 5, with the 

approximate ratio 1:0.66 calculated based on the proton benzodioxole CH2 peaks at 6.05 and 

5.97 ppm, respectively.As the spectra is complex with both splitting and overlapping, the proton 

NMR is reported separately for splitting peaks where possible. In case of complex overlapping 

(aromatic region), the proton NMR is assigned as a whole. Carbon peaks are all included. This 

format will be applied to all atropisomeric mixtures.  

 1H NMR  

 1H NMR (400 MHz, DMSO-d6) δ 10.91 (s, 0.67H), 10.71 (s, 1H), 8.07 – 7.89 (m, 3.33H), 7.75 

– 7.64 (m, 1H), 7.64 – 7.44 (m, 7H), 7.42 – 7.16 (m, 3.3H), 7.14 – 7.06 (m, 1.67H), 7.06 – 6.78 

(m, 5.33H), 6.71 – 6.56 (m, 2.33H), 6.39 (d, J = 7.9 Hz, 1H), 6.05 (s, 2H), 5.97 (s, 1.33H), 5.01 

– 4.70 (m, 2H), 4.26 −4.02 (m, 2H), 3.43 (d, J = 20.9 Hz, 0.67H), 3.26 – 2.98 (m, 3.33H), 2.91 

−2.66 (m, 2H). 

13C NMR  

13C NMR (101 MHz, DMSO-d6) δ 170.4, 170.0, 148.0, 148.0, 147.1, 147.0, 136.8, 136.4, 135.1, 

135.0, 133.5 133.4, 132.3, 130.7, 129.5, 129.2, 129.0, 128.9, 128.9, 127.7, 127.5, 127.1, 126.9, 

125.8, 125.0, 124.7, 124.1, 123.6, 123.3, 122.1, 121.5, 121.3, 121.1, 118.9, 118.8, 118.5, 118.0, 

111.9, 111.8, 111.7, 110.7, 109.1, 108.8, 108.7, 108.1, 101.5, 51.8, 49.2, 47.1, 44.5, 24.9, 23.1. 

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 18.1 min, 

100%. 

LRMS (APCI +) m/z 448, 449 [M+H]+, 100%. HRMS (ES+) for C29H24N2O3, calculated 

449.1860, found 449.1859. 
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C29H24N2O3
Exact Mass: 448.1787
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COMPOUND 20 
 
Compound Name: N-(1,3-benzodioxol-4-ylmethyl)-N-[2-(1H-indol-3-yl)ethyl]-1H-indole-2-

carboxamide 

Obtained Weight & Yield:  140 mg, 67% 

Appearance:  White floppy precipitate 

Solubility:  Acetone, DMSO 

Melting Point:  198-199 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3440 (NH), 3274 (NH), 1620 (CON) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 11.72 (s, 1H), 10.86 (s, 1H), 7.72 – 7.29 (m, 4H), 7.20 (dd, J 

= 9.2, 4.8 Hz, 2H), 7.13 – 6.58 (m, 7H), 6.01 (s, 2H), 4.81 (bs, 2H), 3.76 (bs, 2H), 3.09 (s, 2H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 163.7, 148.1, 147.0, 136.7, 136.4, 131.9, 130.5, 127.5, 123.8, 

123.3, 121.9, 121.5, 120.2, 118.8, 118.7, 112.5, 111.9, 111.2, 108.8, 107.7, 103.7, 101.5, 52.4, 

48.6, 47.7, 24.7, 23.3. 

 

HPLC:  

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 14.7 min, 

100%. 

  

Mass Spectral Analysis: LRMS (APCI +) m/z 437, 438 [M+H]+, 70%. HRMS (ES+) for 

C27H23N3O3, calculated 438.1812, found 439.1811. 
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C27H23N3O3
Exact Mass: 437.1739
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COMPOUND 21 
 
Compound Name: Benzo[b]thiophene-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-

indol-3-yl)-ethyl]-amide 

Obtained Weight & Yield:  118 mg, 53% 

Appearance:  Milky powder/ off white precipitate 

Solubility:  DMSO 

Melting Point:  166 − 167 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3331 (NH), 1627 (CON) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 10.85 (s, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.81 (s, 1H), 7.70 – 

6.64 (m, 11H), 6.02 (s, 2H), 4.73 (s, 2H), 3.65 (s, 2H), 3.12 – 2.91 (m, 2H) 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 164.5, 148.1, 147.0, 139.7, 139.1, 137.7, 136.6, 131.5, 127.5, 

126.32, 125.3 (Cx2), 125.2, 123.5, 122.9, 121.5 (Cx2), 118.7 (Cx2), 118.6, 111.9, 110.9, 108.8, 

101.5, 49.6, 48.4, 24.7 

 

HPLC:  

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 14.97 min, 

100%. 

  

Mass Spectral Analysis: LRMS (APCI +) m/z 454, 455 [M+H]+, 100%. HRMS (ES+) for  

C27H22N2O3S, calculated 455.1424, found 455.1423. 

  
 
 

N
H

N

O
O

O

S

C27H22N2O3S
Exact Mass: 454.1351
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COMPOUND 22 
 
Compound Name: Benzofuran-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-

yl)-ethyl]-amide 

Obtained Weight & Yield:  156 mg, 63% 

Appearance:  Off white precipitate 

Solubility:  DMSO 

Melting Point:  173 − 173.6 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3316 (NH), 1627 (CON), 737 (CH-aromatics) 

 
1H NMR Analysis: 

 
1H NMR (400 MHz, DMSO-d6) δ 10.83 (s, 1H), 7.72 (d, J = 5.8 Hz, 1H), 7.62 (d, J = 8.3 Hz, 

1H), 7.58 – 7.26 (m, 5H), 7.19 – 6.71 (m, 6H), 6.01 (s, 2H), 4.72 (s, 2H), 3.91 −3.51 (m, 2H), 

3.05 (s, 2H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 154.4, 149.3, 148.0, 147.0, 136.7, 131.7, 129.0, 127.4, 127.2, 

126.9, 124.1, 123.6, 122.9, 122.0, 121.4, 118.7, 118.5, 112.2, 111.9, 111.1, 109.0, 108.8, 101.5, 

48.7, 48.8, 25.1. 

HPLC:  

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 7.12 min, 

100%. 

Mass Spectral Analysis: LRMS (APCI+/-) m/z 438, 439 [M+H]+, 100%. HRMS (ES+) for 

C27H22N2O4, calculated 439.1652, found 439.1652. 
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Exact Mass: 438.1580
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COMPOUND 23 
 
Compound Name: N-Benzo[1,3]dioxol-5-ylmethyl-4-chloro-N-[2-(1H-indol-3-yl)-ethyl]-

benzamide 

Obtained Weight & Yield:  90 mg, 58% 

Appearance:  White powder 

Solubility:  EtOAc, Acetone, ACN  

Melting Point:  132-133 °C 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3203 (NH), 1626 (CON), 1500 (C=C aromatic), 1251 (C-N), 747 (C-H aromatic) 

This is a mixture of atropisomers of compound 35 with the ratio approximately 2.0 : 1.2 

calculated on the CH2  splitting peaks at 2.93 and 2.84 ppm of the proton NMR. The exact 

structure for each of the atropisomer remains to be confirmed. As the spectra is complex with 

both splitting and overlapping, the proton NMR is reported separately for splitting peaks where 

possible. In case of complex overlapping (aromatic region), the proton NMR is assigned as a 

whole. 
1H NMR Analysis: Calculated separately for splitting peaks 

1H NMR (400 MHz, DMSO-d6) δ 10.89 (s, 2H), 10.79 (s, 1H), 7.50 (t, J = 6.8 Hz, 3H), 7.40-

7.26 (m, 9H), 7.23 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 1.9 Hz, 2H), 7.12-6.91 (m, 11H), 6.90-6.82 

(m, 3H), 6.82 – 6.62 (m, 6H), 6.03-5.94 (m, 6H), 4.57-4.46 (m, 6H), 3.59 – 3.43 (m, 10H), 2.93 

(t, J = 7.2 Hz, 4H), 2.89 – 2.78 (m, 2H). 

 
13C NMR Analysis: Calculated separately for splitting peaks 
13C NMR (101 MHz, DMSO-d6) δ 170.1 and 170.0 (1C), 147.6 and 147.4 (1C), 146.5 and 146.3 

(1C), 136.2 (1C), 135.1 and 135.0 (1C), 132.1, 131.3 and 131.2 (2C), 131.1 and 130.9 (1C), 

128.1 and 127.9 (2C), 127.1 and 127.0 (1C), 123.4, 122.7, 121.2 and 121.1 (1C), 120.9 and 

120.2 (1C), 118.5 and 118.3 (1C), 118.2 and 118.1 (1C), 111.5 and 111.4 (1C), 110.9, 108.3 and 

108.1 (1C), 107.4, 101.0 and 100.9 (1C), 50.8 and 47.1 (1C), 47.5 and 46.4 (1C), 38.9 and 

38.3(1C), 23.8 and 23.0 (1C). 

HPLC: RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 14.76 

min, 100%. 

 Mass Spectral Analysis (Low res): m/z APCI (+) 446, 447 [M+H]+ 100%. HRMS (ES+) 

calculated for C26H23ClN2O3 446.1397, found 447.1467. 
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Exact Mass: 446.1397
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Selective NOSEY at 5.99 ppm 
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Compound Chemical 
Formula 

Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS Ions Main 
MS/MS 

Fragments 

TP 142B4 C26H23ClN2O3 446.1397 447.14700 447.14688     

447.14688* Not 
triggered 

    

 

 

 

 

  

TP142b4_160229114541_160315155420 #5486-5561 RT: 21.89-22.17 AV: 19 NL: 1.75E5
T: FTMS + p NSI Full lock ms [150.00-700.00]
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COMPOUND 24 
 
Compound Name: N-Benzo[1,3]dioxol-5-ylmethyl-2,6-dichloro-N-[2-(1H-indol-3-yl)-ethyl]-

benzamide 

Obtained Weight & Yield:  100 mg, 65% 

Appearance:  White crystal 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  157-158 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3280 (NH), 2937 (CH), 1626 (CON), 739 (CH- aromatics) 

 

This is a mixture of atropisomers of compound 36 with the ratio approximately 2.0 : 1.3 

calculated on the CH2 splitting peaks at 5.99 and 6.02 ppm of the proton NMR. 

 
1H NMR Analysis:  
1H  NMR (400 MHz, DMSO-d6) δ 10.90 (s, 1H), 10.80 (s, 0.7H), 7.59 – 7.25 (m, 8.3H), 7.21 

(d, J = 2.2 Hz, 1H), 7.10 (s, 0.3H), 7.07 (dd, J = 15.0, 8.0 Hz, 2H), 7.03 – 6.91 (m, 2.3H), 6.88 

(d, J = 7.7 Hz, 1.7H), 6.83 – 6.75 (m, 2.7H), 6.02 (s, 1.3H), 5.99 (s, 2H), 4.61 (s, 1.3H), 4.53 

(s, 2H), 4.04 (s, 1.3H), 3.87 (s, 2H), 3.65 (t, J = 7.2 Hz, 2H), 3.58 – 3.44 (m, 1.3H), 3.04 (t, J = 

7.1 Hz, 2H), 2.97 – 2.80 (m, 1.3H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 168.2, 168.0, 148.1, 147.9, 147.0, 146.8, 136.8, 136.7, 

135.9, 135.9, 133.7, 133.6, 132.5, 131.8, 129.6, 129.5, 128.5, 128.4, 127.6, 127.5, 124.0, 

123.2, 121.5, 121.4, 120.5, 118.9, 118.7, 118.7, 118.5, 112.0, 111.8, 111.1, 108.9, 108.6, 

107.8, 101.5, 101.4, 51.1, 47.9, 47.7, 47.5, 36.7, 35.9, 24.2, 23.6. 

HPLC:  

RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 18.81 min, 

100%. 

 Mass Spectral Analysis: LRMS (ESI+) m/z 481, 481[M, 35Cl]+, 100%. HRMS (ES+) for 

C26H22Cl2N2O3, calculated 480.1080, found 481.1079. 
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Compound Chemical 
Formula 

Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main 
MS Ions 

Main 
MS/MS 
Fragments 

TP 140B4 C26H22Cl2N2O3 480.1007 481.1080 481.1079   135.0444 

481.1079 278.1180 

  359.0720 

 

 

 

  

TP140b4_160229072625 #4304-4368 RT: 22.57-22.88 AV: 18 NL: 7.55E5
T: FTMS + p NSI Full lock ms [100.00-700.00]
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COMPOUND 25 
 
Compound Name: N-Benzo[1,3]dioxol-5-ylmethyl-4-benzoyl-N-[2-(1H-indol-3-yl)-ethyl]-

benzamide 

Obtained Weight & Yield:  77 mg, 40% 

Appearance:  White sparkling crystalline powder 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  181.2-181.7 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

 

IR Analysis: νmax/cm-1   

3191 (NH), 2990 (CH), 1643 (CON), 742 (CH-aromatics)  

 
1H NMR Analysis:  

This is a mixture of atropisomers of compound 37 with the ratio approximately 2.0 : 0.9 

calculated on the CH2 splitting peaks at 4.75 and 6.02 ppm of the proton NMR. 
 

1H NMR (400 MHz, DMSO-d6) δ 10.83 (d, J = 10.1 Hz, 1.5H), 7.85 – 7.66 (m, 5.5H), 7.58 (dt, 

J = 18.2, 8.8 Hz, 6.5H), 7.41 – 7.17 (m, 4H), 7.11 – 6.85 (m, 7.5H), 6.84 – 6.56 (m, 2H), 6.01 

(d, J = 13.2 Hz, 3H), 4.75 (s, 2H), 4.32 (s, 1H), 3.60 (d, J = 7.1 Hz, 1H), 3.36 – 3.30 

(overlapped by water) (m, 2.5H), 3.03 (d, J = 7.1 Hz, 1H), 2.88 (t, J = 7.1 Hz, 2H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 195.6, 170.6, 148.0, 146.9, 140.9, 137.4, 137.2, 136.6, 133.4, 

132.0, 130.1, 130.0, 129.1, 127.4, 127.1, 126.8, 123.7, 121.8, 121.4, 118.7, 118.6, 118.1, 111.9, 

110.8, 108.8, 108.7, 101.4, 52.4, 49.1, 46.9, 45.5, 24.2, 23.1. 

 

HPLC:  

RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 17.71 min,    

100 %. 

Mass Spectral Analysis: LRMS (APCI+/-) m/z 502, 503 [M+H]+, 100%. HRMS (ES+) for 

C32H26N2O4, calculated 503.1965, found 503.1964. 
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Exact Mass: 502.1893
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COMPOUND 26 
 
Compound Name: 5-Methyl-pyrazine-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-

indol-3-yl)-ethyl]-amide 

Obtained Weight & Yield:  47 mg, 22% 

Appearance:  White floppy precipitate 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  132 −133 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3316 (NH), 1632 (CON), 1632 (CON), 739 (CH-aromatic) 

 

This is a mixture of atropisomers of compound 38 with the ratio approximately 2 : 1 calculated 

on the CH2 splitting peaks at 4.71 and 4.46 ppm of the proton NMR. 1H NMR is reported as 

displayed on spectra. All peaks in 13C NMR is reported 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 10.83 (s, 0.5H), 10.77 (s, 1H), 8.75 (d, J = 1.2 Hz, 0.5H), 

8.56 (s, 0.5H), 8.34 (s, 1H), 8.19 (d, J = 1.3 Hz, 1H), 7.52 (d, J = 7.8 Hz, 0.5H), 7.34 (d, J = 8.1 

Hz, 0.7H), 7.25 (d, J = 8.1 Hz, 1.2H), 7.16 (d, J = 2.0 Hz, 0.7H), 7.11 – 7.02 (m, 1.8H), 7.02 – 

6.79 (m, 8H), 6.75 (d, J = 7.9 Hz, 0.5H), 6.01 (s, 2H), 5.99 (s, 0.8H), 4.71 (s, 2H), 4.46 (s, 1H), 

3.60 (dt, J = 15.8, 7.5 Hz, 3.2H), 2.92 (dt, J = 13.8, 7.5 Hz, 3.2H), 2.54 (s, 1.8H), 2.41 (s, 3.2). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 167.2, 166.8, 155.0, 154.2, 147.9, 147.4, 147.1, 147.0, 146.9, 

143.7, 143.2, 143.0, 142.0, 136.7, 136.6, 131.9, 131.3, 127.6, 127.1, 123.6, 123.3, 121.8, 121.6, 

121.5, 121.3, 118.7, 118.5, 118.1, 111.9, 111.7, 110.9, 108.8, 108.7, 108.6, 108.5, 101.5, 101.4, 

52.0, 48.6, 47.8, 46.192, 24.4, 23.1, 21.7, 21.5. 

HPLC: RP-HPLC Alltima™ C18 5 M 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 12.40 

min, 100%. 

 Mass Spectral Analysis: LRMS (APCI +/-) m/z 414, 415 [M+H]+, 100%. HRMS (ES+) for 

C24H22N4O3, calculated 415.1765, found 415.1761. 
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COMPOUND 27 
 
Compound Name: 5-Methoxy-1H-indole-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-

(1H-indol-3-yl)-ethyl]-amide 

Obtained Weight & Yield:  149 mg, 62% 

Appearance:  Milky powder/ off white precipitate 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  202-202.5 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3439 (NH), 3258 (NH), 1612 (CON), 1450 (C-C ring), 738 (C-H ring) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 11.57 (s, 1H), 10.86 (s, 1H), 7.68-7.26 (m, 3H), 7.19 (s, 1H), 

7.13 – 6.48 (m, 8H), 6.01 (s, 2H), 4.81 (s, 2H), 3.73 (s, 5H), 3.08 (s, 2H). 

13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 163.6, 154.2, 148.1, 146.9, 136.7, 132.0, 131.6, 130.8, 127.8, 

127.6, 123.3, 121.5 (C x 2), 118.8 (C x 2), 115.0, 113.4, 111.9, 108.8, 103.5 (C x 2), 102.4, 

101.5, 65.4, 55.7, 48.5, 48.1, 23.6. 

HPLC:  

RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 6.92 min, 

100%. 

 Mass Spectral Analysis (Low res): LRMS (ESI+) m/z 467, 467 [M]+, 100%. HRMS (ES+) for 

C28H25N3O4, calculated 468.1918, found 468.1919. 
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Exact Mass: 467.1845
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COMPOUND 28 
 
Compound Name: 5-Chloro-1H-indole-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-

indol-3-yl)-ethyl]-amide 

Obtained Weight & Yield:  170 mg, 64% 

Appearance:  Off white precipitate 

Solubility:  EtOAc, Acetone, ACN 

Melting Point:  194 −194.5 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   

3433 (NH), 3265 (NH), 1612 (CON), 739 (CH-aromatics) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 11.93 (s, 1H), 10.87 (s, 1H), 7.73 – 7.26 (m, 4H), 7.25 –  7.13 

(m, 2H), 7.08 (t, J = 7.5 Hz, 1H), 7.02 – 6.60 (m, 5H), 6.02 (s, 2H), 4.79 (br.s, 2H), 3.74 (br.s, 

2H), 3.08 (s, 2H). 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 163.4, 148.1, 147.0, 136.7, 134.8, 132.1, 128.5, 127.5, 124.7, 

123.9 (Cx2), 123.4, 121.5, 121.4, 121.0, 118.8 (Cx2), 118.7, 114.1, 111.9, 108.8, 103.2 (Cx2), 

101.5, 52.4, 48.9, 48.6, 47.6, 24.7, 23.4. 

*Note: 52.38 and 48.59 are the splitting of 1 C (Ar-CH2-N-); 48.91 and 47.58 are the splitting 

of (CH2-CH2-N-), and 24.68, 23.41 are the splitting of (CH2-CH2-N-) 

UPLC:  

Mobile phase A= 100% H2O with 0.1% formic acid; Mobile phase B = 90% ACN : 10% H2O 

and 0.1% formic acid 

RP-HPLC Agilent Zorbax SB-C18 1.8 µm, 50 mm x 2.1 mm, isocratic 80% mobile phase B at 

0.6 mL/min in 8 minutes, Rt = 5.05 min, 100%.  

 

Mass Spectral Analysis: LRMS (ESI-) m/z 471, 470 [M-H, 35Cl]+, 100%; m/z 471, 472 [M+H, 
35Cl]+, 100%. HRMS (ES+) for C27H22ClN3O3, calculated 472.1423, found 472.1422. 
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C27H22ClN3O3
Exact Mass: 471.1350
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COMPOUND 29 
 
Compound Name: N-(1,3-benzodioxol-4-ylmethyl)-N-[2-(1H-indol-3-yl)ethyl]-1H-indole-5-

carboxamide 

Obtained Weight & Yield:  158 mg, 67% 

Appearance:  White floppy precipitate 

Solubility:  DMSO 

Melting Point:  162.5-163 ºC 

TLC Conditions:  EtOAc/Hexane (50/50) 

 

IR Analysis: νmax/cm-1   

3638 (NH), 3227 (NH), 1614 (CON), 740 (CH-aromatics) 

 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 11.29 (s, 1H), 10.78 (s, 1H), 7.61 (s, 1H), 7.51 – 7.39 (m, 

2H), 7.56 – 6.38 (m, 9H), 6.47 (s, 1H), 6.01 (s, 2H), 4.87 – 4.29 (m, 2H), 3.65 – 3.45 (m, 2H), 

3.12 – 2.70 (m, 2H) 

 
13C NMR Analysis:  
13C NMR (101 MHz, DMSO-d6) δ 186.0, 172.8, 148.0, 146.9, 136.6, 136.5, 127.8, 127.5, 127.0, 

123.3, 121.4, 120.4, 119.1, 118.6, 111.8, 111.7, 108.7, 102.2, 101.4, 49.1, 47.3, 45.6, 24.6, 23.4. 

*Note : Signs of atropisomers for aliphatic CH2, in which 47.3 is the splitting of 1 C (Ar-CH2-N-

); 49.1 and 45.6 are the splitting of (CH2-CH2-N-);  24.6 and 23.4 are the splitting of (CH2-CH2-

N-).  

HPLC:  

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 6.48 min, 96%. 

  

Mass Spectral Analysis:  LRMS* (ESI+) m/z 437, 437 [M]+, 70%. HRMS (ES+) for 

C27H23N3O3, calculated 438.1812, found 438.1812. 
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8.4. Appendix to Chapter 5 
8.4.1. Compounds characterization 
Compound 8a 
Compound Name: 2,4-Dimethyl-6-phenylimino-6H-[1,3]thiazine-5-carboxylic acid 
ethyl ester 

Obtained Weight & Yield: 200 mg,  65%  

Appearance: Sparkling yellow precipitate  

Solubility: MeOH, Acetone, ACN  

Melting Point: 145.3- 146.5 °C 

TLC Conditions: EtOAc/Hexane (50/50) 

IR Analysis: νmax/cm-1   2984 (CH), 1728 (COO), 1584, 1232 (CO) 
1H NMR Analysis: 
1H NMR (400 MHz, CDCl3) δ 7.65 – 7.43 (m, 3H), 7.25 – 7.09 (m, 2H), 4.42 (q, J = 
7.1 Hz, 2H), 2.31 (s, 3H), 2.22 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H). 

 
13C NMR Analysis: 
13C NMR (400 MHz, CDCl3) δ 183.0, 166.1, 159.2, 153.9, 140.6, 132.3, 130.5 (Cx2), 
129.7, 127.1 (Cx2), 62.0, 25.1, 21.9, 14.0. 

HPLC: 

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt = 5.19 min, 
100%. 

Mass Spectral Analysis: LRMS (ESI+) m/z: 288, 288 [M] + 40%. HRMS (ES+) for 
C15H16N2O2S, calculated 289.1005, found 289.1004. 
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Compound Chemical 
Formula 

Predicted 
monoisoto
pic neutral 
MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main MS/MS 
Fragments 

8a C15H16N2O2S 288.0932 289.10053 289.1004
3 

 243.0591 
289.1004 261.0698 
  172.0431 

 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

TP_4B5 #4415-4607 RT: 17.05-17.75 AV: 49 NL: 2.13E9
T: FTMS + p NSI Full lock ms [150.00-700.00]
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Compound 8b 
 
Compound Name: 2,4-Dimethyl-6-p-tolylimino-6H-[1,3]thiazine-5-carboxylic acid ethyl 
ester 
Obtained Weight & Yield: 100 mg, 18% 

Appearance: Yellow precipitate  

Solubility: MeOH, ACN, Acetone  

Melting Point: 166.7-167.5 °C 

TLC Conditions: EtOAc/n-Hexane (50/50) 

IR Analysis: 2975 (CH), 1733 (COO), 1232 (CO) 

1H NMR Analysis: 
1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 8.1 Hz, 2H), 7.05 (d, J = 8.3 Hz, 2H), 4.42 (q, J = 
7.1 Hz, 2H), 2.43 (s, 3H), 2.30 (s, 3H), 2.22 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H). 
 
 
13C NMR Analysis: 

13C NMR (101 MHz, CDCl3) δ 183.11, 166.14, 159.45, 153.87, 139.87, 137.97, 132.27, 
131.13 (Cx2), 126.69 (Cx2), 61.98, 25.11, 21.87, 21.37, 14.04. 
 
HPLC RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt 
= 6.81 min, 100%. 
 
Mass Spectral Analysis: LRMS (ESI+) m/z 302, 302 [M+] (100%). HRMS (ES+) for         
C16H18N2O2S, calculated 303.1162, found 303.1160. 
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Exact Mass: 302.1089 
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Compound Chemical 
Formula 

Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main 
MS/MS 
Fragments 

8b C16H18N2O2S 302.1089 303.1161
8 

303.11604  257.0747 
303.1160 275.0852 
  172.0430 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TP_102b5 #4662-4796 RT: 17.94-18.40 AV: 33 NL: 2.85E9
T: FTMS + p NSI Full lock ms [150.00-700.00]
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Exact Mass: 302.1089 

Compound 8b 
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Compound 8c 

Compound Name: 6-(4-Isopropyl-phenylimino)-2,4-dimethyl-6H-[1,3]thiazine-5-carboxylic 
acid ethyl ester 
 
Obtained Weight & Yield: 392 mg, 50% 

Appearance: Yellow precipitate 

Solubility: MeOH, ACN, Acetone 

Melting Point: 113.8-114.6 ºC 

TLC Conditions:  EtOAc/n-Hexane (50/50) 
 
IR Analysis: 
 
2989 (CH), 1727 (COO), 1233 (CO) 
 
1H NMR Analysis: 
1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.3 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 4.40 (q, J = 
7.1 Hz, 2H), 3.03-2.90 (m, 1H), 2.29 (s, 3H), 2.21 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H), 1.29 (d, J = 
6.9 Hz, 6H). 
 
13C NMR Analysis: 
13C NMR (101 MHz, CDCl3) δ 183.0, 166.1, 159.5, 153.7, 150.3, 138.1, 132.2, 128.4 (C x 2), 
126.7 (C x 2), 61.9, 33.8, 25.1, 23.8 (C x 2), 21.8, 14.0. 
 
 
HPLC:  RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt = 7.55 
min, 94%. 
 
Mass Spectral Analysis:  LRMS (ESI+) m/z 330, 330 [M]+ (100%). HRMS (ES+) for 
C18H22N2O2S, calculated 331.1475, found 331.1470. 
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Exact Mass: 330.1402 
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Compound Chemical 

Formula 
Predicted 
monoisotopi
c neutral 
MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main 
MS/MS 
Fragments 

8c C18H22N2O2S 330.1402 331.14748 331.14700  285.1056 
331.1470 303.1163 
  172.0428 

 
 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

TP_133b5 #5056-5225 RT: 19.44-20.06 AV: 43 NL: 8.70E8
T: FTMS + p NSI Full lock ms [150.00-700.00]
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Exact Mass: 330.1402 

Compound 8c 
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Compound 8d 

Compound Name: 4-Methyl-2-phenyl-6-phenylimino-6H-[1,3]thiazine-5-carboxylic acid ethyl 
ester 
 
Obtained Weight & Yield: 300 mg, 66% 

Appearance: Yellow precipitate 

Solubility: MeOH, ACN, Acetone  

Melting Point: 178-179 °C 

TLC Conditions:  EtOAc/n-Hexane (50/50) 
 
IR Analysis: 2994 (CH), 1729 (COO), 1239 (CO) 
 
1H NMR Analysis: 

 1H NMR (400 MHz, Acetone) δ 7.85 – 7.71 (m, 2H), 7.45 – 7.35 (m, 2H), 4.31 (q, J = 7.1 Hz,    
2H), 2.26 (s, 3H), 2.21 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H). 
 
13C NMR Analysis: 

 13C NMR (400 MHz, Acetone) δ 182.7, 165.5, 159.5, 153.7, 140.4, 133.3(Cx2), 131.9, 129.9 
(Cx2), 122.8, 61.2, 24.6, 21.1, 13.4. 
 
 
HPLC RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 
7.14 min, 100%. 
 
 
Mass Spectral Analysis: LRMS (ESI+) m/z 366, 368 [M+ 2H; 79Br, 81Br]+ (100%). HRMS 
(ES+) for C15H15BrO2S  calculated 367.0110, found 367.0110 [M+ H; 79Br, 81Br]+. 
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Compound Chemical 

Formula 
Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main MS/MS 
Fragments 

8d C15H15BrN2O2S 366.0038 367.0110 367.0110  320.9694 

367.0110 195.9759 

  172.0429 

 
 

 
 
 
 
 
 
 
 
 
 
 

TP_54b5 #4774-4966 RT: 18.47-19.17 AV: 48 NL: 6.52E8
T: FTMS + p NSI Full lock ms [150.00-700.00]
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Compound 8e 
 
Compound Name: 2,4-Dimethyl-6-(4-trifluoromethyl-phenylimino)-6H-[1,3]thiazine-5-
carboxylic acid ethyl ester 
 
Obtained Weight & Yield: 300 mg, 35% 
 
 Appearance: Yellow precipitate  
 
Solubility: MeOH, ACN, Acetone  
 
Melting Point: 125.7-126.5 
 
TLC Conditions:  EtOAc/n-Hexane (50/50) 
 
IR Analysis: 
2982 (CH), 1728 (COO), 1235 (CO) 
 
 
1H NMR Analysis: 
1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 4.41 (q, J = 
7.1 Hz, 2H), 2.32 (s, 3H), 2.21 (s, 3H), 1.38 (t, J = 7.1 Hz, 3H). 
 
 
13C NMR Analysis: 
13C NMR (101 MHz, CDCl3) δ 182.8, 165.9, 158.5, 154.3, 143.5, 143.5, 132.3, 131.8 (q, J = 
33.3Hz, 1H), 128.1 (C x 2), 127.7 (C x 2) (q, J = 4.1 Hz, 2H), 123.4 (q, J = 273 Hz, 1H), 62.1, 
25.08, 21.9, 14.0.  
* CF3 splitting 
 
 
HPLC 
RP-HPLC Alltima™ C18 5 µm 150 mm x4.6 mm, 10–100% B in 15 min, Rt = 7.22 min, 
95%. 
 
Mass Spectral Analysis: LRMS (ESI+) m/z : 356,  356 [M+ H] + 100%. HRMS (ES+) for 
C16H15F3N2O2S calculated 357.0879, found 357.0886. 
 

C16H15F3N2O2S
Exact Mass: 356.0806
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Compound Chemical Formula Predicted 

monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main 
MS/MS 
Fragments 

8e C16H15F3N2O2S 356.0806 357.0879
1 

357.08857  311.0470 
357.0886 329.0576 
  172.0433 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TP_130b5_160412134158 #3801-3905 RT: 14.74-15.14 AV: 27 NL: 9.23E8
T: FTMS + p NSI Full ms [150.00-700.00]
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Compound 8f 

Compound Name: 6-(3,5-Dichloro-phenylimino)-2,4-dimethyl-6H-[1,3]thiazine-5-
carboxylic acid ethyl ester 
 
Obtained Weight & Yield: 123 mg, 20% 

Appearance: Yellow precipitate  

Solubility: MeOH, ACN, Acetone  

Melting Point: 184.3-185.1 °C 

TLC Conditions:  EtOAc/n-Hexane (50/50) 
 
IR Analysis: 
3070 (CH), 2982 (CH), 1720 (COO), 1243 (CO) 
 

1H NMR Analysis: 

1H NMR (400 MHz, CDCl3) δ 7.51 (t, J = 1.8 Hz, 1H), 7.14 (d, J = 1.8 Hz, 2H), 4.41 (q, J = 7.1 
Hz, 2H), 2.29 (d, J = 7.4 Hz, 6H), 1.38 (t, J = 7.1 Hz, 3H). 
 
 
13C NMR Analysis: 

13C NMR (101 MHz, CDCl3) δ 182.7, 165.7, 158.3, 154.2, 141.9, 136.8 (Cx2), 132.3, 130.2, 
126.3 (Cx2), 62.1, 25.1, 21.9, 14.0. 
 
 
HPLC: RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 
7.53 min, 96%. 
 
 
Mass Spectral Analysis: LRMS (ESI+) m/z 356, 356 [M, 35Cl]+ (100%). HRMS (ES+) for 
C15H14Cl2N2O2S, calculated 357.0226, found 357.0226. 
 
 
 
 
 

C15H14Cl2N2O2S
Exact Mass: 356.0153
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Compoun
d 

Chemical 
Formula 

Predicted 
monoisotopi
c neutral 
MW 

Predicte
d MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main 
MS/MS 
Fragments 

8f C15H14Cl2N2O2S 356.0153 357.0226 357.0226  310.9810 
357.0226 328.9916 
  172.0429 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

TP_123b5 #5074-5217 RT: 19.51-20.03 AV: 36 NL: 6.92E8
T: FTMS + p NSI Full lock ms [150.00-700.00]
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Compound 8f 

C15H14Cl2N2O2S
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Compound 8g 
 
Compound Name: 6-(Benzo[1,3]dioxol-5-ylimino)-2,4-dimethyl-6H-[1,3]thiazine-5-
carboxylic acid ethyl ester 
 
Obtained Weight & Yield: 134 mg, 29%  
 
Appearance: Yellow precipitate  
 
Solubility: MeOH, ACN, Acetone  
 
Melting Point: 146.5-147.3 °C 
 
TLC Conditions:  EtOAc/n-Hexane (50/50) 
 
IR Analysis: 2982 (CH), 1733 (COO), 1250 (CO) 
 
 
1H NMR Analysis: 
1H NMR (400 MHz, CDCl3) δ 6.94 (d, J = 7.9 Hz, 1H), 6.66 – 6.60 (m, 2H), 6.08 (d, J = 4.9 Hz, 
2H), 4.42 (q, J = 7.1 Hz, 2H), 2.32-2.26 (m, 6H), 1.39 (t, J = 7.1 Hz, 3H). 
 
 
13C NMR Analysis: 
13C NMR (101 MHz, CDCl3) δ 183.3, 166.1, 159.7, 153.8, 149.3, 148.6, 134.0, 132.2, 120.54, 
109.4, 108.0, 102.3, 62.0, 25.0, 21.9, 14.0. 
 
 
HPLC: RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt = 
6.39 min, 100%. 
 
Mass Spectral Analysis: LRMS (ESI+) m/z 332, 332 [M+] (100%). HRMS (ES+) for 
C16H16N2O4S, calculated 333.0904, found 333.0902.  
 
 

C16H16N2O4S
Exact Mass: 332.0831

N S

NO

O

O
O



486 
 

 



487 
 

 



488 
 

 



489 
 

 
 

 
 
 
 
 



490 
 

 

 
 
 
 
 
 



491 
 

 
Compound Chemical 

Formula 
Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main 
MS/MS 
Fragments 

8g C16H16N2O4S 332.0831 333.0904 339.0902  287.0484 
339.0902 333.0904 
  305.0588 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TP_114b5 #4435-4597 RT: 17.03-17.63 AV: 41 NL: 1.40E9
T: FTMS + p NSI Full lock ms [150.00-700.00]
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N S

NO

O

C19H18N2O2S
Exact Mass: 338.1089

 
Compound 8h 
 
Compound Name: 2,4-Dimethyl-6-(naphthalen-1-ylimino)-6H-[1,3]thiazine-5-carboxylic acid 
ethyl ester 
 
Obtained Weight & Yield: 96 mg, 20%  
 
Appearance: Yellow precipitate  
 
Solubility: MeOH, ACN, Acetone  
 
Melting Point: 162.1-163 °C 
 
TLC Conditions:  EtOAc/n-Hexane (50/50) 
 
IR Analysis: 
2982 (CH), 1726 (COO), 1239 (CO) 
 
1H NMR Analysis: 
1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.3 Hz, 1H), 7.95 (dd, J = 6.9, 2.2 Hz, 1H), 7.64 – 
7.48 (m, 3H), 7.45 – 7.40 (m, 1H), 7.37 (dd, J = 7.3, 0.7 Hz, 1H), 4.51 – 4.32 (m, 2H), 2.37 (s, 
3H), 2.13 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H). 
 
13C NMR Analysis: 
13C NMR (400 MHz, CDCl3) δ 183.1, 166.2, 160.0, 154.0, 137.0, 134.6, 132.4, 130.2, 129.0, 
128.2, 128.1, 127.1, 125.9, 125.5, 121.4, 62.0, 24.4, 22.0, 14.1 
 
 
HPLC: RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt = 7.12 
min, 100%. 
 
 
Mass Spectral Analysis: LRMS (ESI+) m/z 338, 338 [M]+ 100%. HRMS (ES+) for 
C19H18N2O2S, calculated 339.1162, found 339.1160.  
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N S

NO

O

C19H18N2O2S
Exact Mass: 338.1089

 

Compound Chemical 
Formula 

Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main MS/MS 
Fragments 

8h C19H18N2O2S 338.1089 339.1162 339.1160  293.0746 

339.1160 311.0853 

  168.0810 

 

 

 

 

 

 

 

 

TP_65b5 #4843-4973 RT: 18.58-19.05 AV: 33 NL: 1.80E9
T: FTMS + p NSI Full ms [150.00-700.00]

334 335 336 337 338 339 340 341 342 343 344 345 346

m/z

0

100000000

200000000

300000000

400000000

500000000

600000000

700000000

800000000

900000000

1000000000

1100000000

1200000000

1300000000

1400000000

1500000000

1600000000

1700000000

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

339.11603
R=116034

z=1

340.11842
R=111888

z=1

341.11141
R=114589

z=1

Compound 8h 
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Compound 8i 
 
Compound Name: 6-Ethylimino-2,4-dimethyl-6H-[1,3]thiazine-5-carboxylic acid ethyl 
ester. 
 
Obtained Weight & Yield: 30 mg, 14% 

Appearance: Yellow precipitate  

Solubility: MeOH, ACN, Acetone  

Melting Point: 112.5-113.4 °C 

TLC Conditions: EtOAc/n-Hexane (50/50) 
IR Analysis: 

IR (cm-1): 2969 (CH), 1732 (COO), 1267 (CO) 
 
 
1H NMR Analysis: 
1H NMR (400 MHz, CDCl3) δ 4.72-4.61 (m, 2H), 4.53 – 4.33 (m, 2H), 2.69 (s, 3H), 2.22 (s, 
3H), 1.48-1.37 (m, 6H). 
 
 
13C NMR Analysis: 
13C NMR (400 MHz, CDCl3) δ 181.0, 166.3, 158.6, 153.4, 132.5, 61.9, 45.8, 23.8, 21.6, 14.0, 
11.8. 

HPLC: RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt = 
5.83 min, 94%. 
 
 
Mass Spectral Analysis: LRMS (ESI+) m/z: 240, 240 [M]+ 100%. HRMS (ES+) for 
C11H16N2O2S, calculated 241.1005, found 241.1003. 
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C11H16N2O2S
Exact Mass: 240.0932
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Compound Chemical 

Formula 
Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main 
MS/MS 
Fragments 

8i C11H16N2O2S 240.0932 241.1005 241.1003  213.0694 
241.1003 195.0589 
  167.0276 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TP_56b5_160412113549 #3503-3638 RT: 13.52-14.00 AV: 34 NL: 1.99E9
T: FTMS + p NSI Full lock ms [150.00-700.00]
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Compound 8k 
 
Compound Name: 2-Ethyl-4-methyl-6-phenylimino-6H-[1,3]thiazine-5-carboxylic acid 
ethyl ester 

Obtained Weight & Yield: 41 mg, 17% 

Appearance: Yellow precipitate 

Solubility: MeOH, ACN, Acetone Melting 

Point: 87.5-88.3 °C 

TLC Conditions: EtOAc/n-Hexane (50/50) 
IR Analysis: 2988 (CH), 1728 (COO), 1237 (CO) 

 
 
1H NMR Analysis: 
1H NMR (400 MHz, CDCl3) δ 7.59 – 7.47 (m, 3H), 7.20 – 7.13 (m, 2H), 4.42 (q, J = 7.1 Hz, 
2H), 2.40 (d, J = 7.4 Hz, 2H), 2.33 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H), 1.15 (t, J = 7.4 Hz, 3H). 
 
 
13C NMR Analysis: 

13C NMR (101 MHz, CDCl3) δ 183.1, 166.3, 162.9, 154.1, 140.0, 132.1, 130.3 (Cx2), 
129.7, 127.4 (Cx2), 62.0, 30.1, 22.0, 14.0, 11.4. 
 
 
HPLC: 

RP-HPLC Alltima™ C18 5 µm 150 mm x4.6 mm, 10-100% B in 15 min, Rt = 6.91 min, 100%. 
 
 
Mass Spectral Analysis: LRMS (ESI+) m/z: 302,  302 [M]+  100%. HRMS (ES+) for 
C16H18N2O2S, calculated 303.1162, found 303.1157.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C16H18N2O2S
Exact Mass: 302.1089
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Compound Chemical 

Formula 
Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main 
MS/MS 
Fragments 

8k C16H18N2O2S 302.1089 303.1162 303.1157  257.0742 
303.1158 132.0809 
  275.0849 

 

 

 

 

 

 

 

 

 

 

 

TP_96b5_160412120723 #3797-3885 RT: 14.71-15.02 AV: 22 NL: 1.18E9
T: FTMS + p NSI Full ms [150.00-700.00]
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Compound 8l 
 
Compound Name: 4-Methyl-2-phenyl-6-phenylimino-6H-[1,3]thiazine-5-carboxylic acid 
ethyl ester 
 
Obtained Weight & Yield: 30 mg, 21% 

Appearance: Yellow precipitate 

Solubility: MeOH, ACN, Acetone 

Melting Point: 252-252.5 ºC 

TLC Conditions: EtOAc/n-Hexane (50/50) 
IR Analysis: 

2982 (CH), 1725 (COO), 1231 (CO) 
 
 
1H NMR Analysis: 
1H NMR (400 MHz, CDCl3) δ 7.35 – 7.17 (m, 8H), 7.15 – 7.03 (m, 2H), 4.47 (q, J = 7.1 Hz, 
2H), 2.40 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H). 
 
 
13C NMR Analysis: 
13C NMR (400 MHz, CDCl3) δ 183.2, 166.1, 159.7, 153.8, 140.1, 134.5, 132.9, 129.9, 129.3 
(Cx2), 129.2, 128.9 (Cx2), 128.7 (Cx2), 128.1 (Cx2), 62.2, 22.0, 14.1. 
 
HPLC: 

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt = 7.26 
min, 100%. 
 
Mass Spectral Analysis: LRMS (ESI+) m/z: 350, 350 [M] + 100%. HRMS (ES+) for 
C20H18N2O2S calculated 351.1162, found 351.1157. 
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Compound Chemical 

Formula 
Predicted 
monoisotopi
c neutral 
MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main 
MS/MS 
Fragments 

8l C20H18N2O2S 350.1089 351.1162 351.1157  305.0740 
351.1157 323.0847 
  180.0807 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TP_21b5_160412123854 #3827-3907 RT: 14.85-15.14 AV: 20 NL: 1.46E8
T: FTMS + p NSI Full lock ms [150.00-700.00]
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Compound 8m 
 
Compound Name: 4-Methyl-6-phenylimino-2-trifluoromethyl-6H-[1,3]thiazine-5- 
carboxylic acid ethyl ester 

Obtained Weight & Yield: 60 mg, 12% 

Appearance: Yellow precipitate 

Solubility: MeOH, ACN, Acetone  

Melting Point: 101.2-102.6 °C 

TLC Conditions: EtOAc/n-Hexane (50/50) 
IR Analysis:  IR (cm-1): 2982 (CH), 1733 (COO), 1225 (CO) 

 
1H NMR Analysis: 
1H NMR (400 MHz, CDCl3) δ 7.61 – 7.47 (m, 3H), 7.22-7.16 (m, 2H), 4.43 (q, J = 7.1 Hz, 
2H), 2.38 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H). 
 
 
13C NMR Analysis: 
13C  NMR (101 MHz, CDCl3) δ 184.2, 164.9, 151.6, 146.4, 146.0, 137.0, 135.9, 130.5, 129.6, 
129.0, 128.5, 128.5, 124.0, 121.5, 121.4, 121.1, 118.6, 115.9, 62.4, 21.6, 14.0. 
 
 
HPLC: RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10-100% B in 15 min, Rt = 
7.48 min, 92%. 
 
 
Mass Spectral Analysis: LRMS (ESI+) m/z: 342, 342 [M]+ 100%. HRMS (ES+) for 
C15H13F3N2O2S, calculated 343.0723, found 343.0721 
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Compound Chemical 
Formula 

Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main 
MS Ions 

Main 
MS/MS 
Fragments 

8m C15H13F3N2O2S 342.0650 343.0723 343.0721  315.0410 
224.0713 297.0304 
  132.0446 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TP_92b5_160412131026 #3136-3216 RT: 12.17-12.48 AV: 21 NL: 2.13E6
T: FTMS + p NSI Full lock ms [150.00-700.00]
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Compound 10a 
 
Compound Name: Ethyl (E)-3-benzamido-2-(phenylcarbamothioyl)but-2-enoate 
 
Obtained Weight & Yield: 248 mg, 28% 
 
  
Appearance: Sparkling yellow precipitate  
 
Solubility: MeOH, Acetone, ACN 
 
TLC Conditions: EtOAc/Hexane (50/50) 
 
IR Analysis: νmax/cm-1 
3185 (NH), 1697 (COO), 1665 (CON), 1234 (CO) 
  
The product is detected as a mixture of isomers, with the ration 2.3 : 1.0 calculated at 2.68 
and 2.65 ppm, respectively. The 1H NMR is reported as a whole due to complex overlapping. 
All 13C NMR peaks are reported 
 
1H NMR Analysis: 
1H NMR (400 MHz, CDCl3) δ 12.49 (d, J = 8.2 Hz, 1H), 10.03 (d, J = 46.0 Hz, 1H), 7.91 
(dd, J = 10.6, 4.5 Hz, 3H), 7.61 – 7.04 (m, 7H), 4.19 – 3.90 (m, 2H), 2.66 (d, J = 11.6 Hz, 
3H), 1.19 (dt, J = 14.5, 7.1 Hz, 3H). 
 
13C NMR Analysis: 
13C NMR (101 MHz, CDCl3) δ 198.7, 194.3, 166.9, 166.6, 166.2, 165.8, 153.0, 151.4, 139.0, 
138.4, 133.9, 133.6, 132.8, 132.6, 130.1, 129.5, 129.1 (C x 2), 129.0 (C x 2), 128.9, 128.8, 
128.5, 127.7, 127.6 (C x 2), 127.3, 127.0, 123.0, 122.9 (C x 2), 116.3, 111.0, 61.3, 61.3, 19.4, 
18.8, 14.1, 14.0. 
 
RP-UPLC Agilent Zorbax SB™ C18 1.8 µm 50 mm x 2.1 mm, isocratic 50% B (9:1 ACN: 
Water) in 6 min, Rt = 4.1 min, 100% at 210, 254 and 320 nm. 
 
 
Mass Spectral Analysis: LRMS (ESI+) m/z: 368, 369 [M+ H]+ 100%. HRMS (ES+) for 
C20H20N2O3S calculated 369.1267, found 369.1270. 
 
 
 
 
 

C20H20N2O3S
Exact Mass: 368.1195
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Compound Chemical 

Formula 
Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main 
MS/MS 
Fragments 

TP75 B5 
10a 

C20H20N2O3S 368.1195 369.1267 369.1270 369.1270 276.0696 
351.11595^ 248.0747 
  188.0712 

 
 

 
 
 
 
 
 

TP_75b5_160412144459 #3922-4341 RT: 15.18-16.77 AV: 105 NL: 3.53E7
T: FTMS + p NSI Full ms [150.00-700.00]
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C20H20N2O3S
Exact Mass: 368.1195
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Compound 10b 
 
Compound Name: Ethyl-3-benzamido-2-((4-bromophenyl)carbamothioyl)but-2-enoate 
 
Obtained Weight & Yield: 300 mg, 29% 
 
  
Appearance: Sparkling yellow precipitate  
 
Solubility: MeOH, Acetone, ACN  
 
TLC Conditions: EtOAc/Hexane (50/50) 
 
IR Analysis: νmax/cm-1  
3296 (NH), 1683 (COO), 1661 (CON), 1240 (CO) 
  
 
The product is detected as a mixture of isomers, with the ration 12.8 : 1.0 calculated at 2.55 and 
2.47 ppm, respectively. The 1H NMR is reported as a whole due to complex overlapping. All 
13C NMR peaks are reported. 
 
1H NMR Analysis: 
1H NMR (400 MHz, DMSO-d6) δ 12.31 (s, 1H), 12.11 (s, 1H), 8.01 – 7.83 (m, 4H), 7.74 – 7.06 
(m, 5H), 4.28 – 4.06 (m, 2H), 2.55 (s, 2.7H), 2.47 (s, 0.2H), 1.25 – 1.05 (m, 3H). 
 
 
13C NMR Analysis: 
13C NMR (101 MHz, DMSO-d6) δ 193.9, 167.3, 165.4, 150.7, 139.2, 134.1, 133.3, 132.1 (C x 
2), 129.7 (C x 2), 127.7 (C x 2), 125.0 (C x 2), 118.8, 116.5, 61.4, 18.8, 14.5. 
 
RP-UPLC Agilent Zorbax SB™ C18 1.8 µm 50 mm x 2.1 mm, isocratic 80% B (9:1 ACN: 
Water) in 6 min, Rt = 0.72 min, 100% at 210, 254 and 320 nm. 
 
 
Mass Spectral Analysis:  LRMS (ESI+) m/z: 446, 447 [M+ H; 79Br, 81Br]+ 100%. HRMS 
(ES+) for C20H19BrN2O3S calculated 447.0373, found 447.0370 [M+ H; 79Br, 81Br]+. 

C20H19BrN2O3S
Exact Mass: 446.0300
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Compound Chemical 

Formula 
Predicted 
monoisotopic 
neutral MW 

Predicted 
MH+ 

MH+ 
Measured 

Main MS 
Ions 

Main 
MS/MS 
Fragments 

TP55 B5 
10b 

C20H19BrN2O3S 446.0300 447.0373 447.0370 447.0370 309.0234 
429.02646 276.0690 
  105.0338 

 
 
 

 
 
 
 
 
 
 

 
 

 

 

TP_55b5_160412141327 #3948-4338 RT: 15.28-16.77 AV: 98 NL: 4.33E7
T: FTMS + p NSI Full lock ms [150.00-700.00]
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C20H19BrN2O3S
Exact Mass: 446.0300
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