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NOVEL ANTICANCER AGENTS THAT UPREGULATE P53 AND A NEW TYPE OF

NEIGHBOURING GROUP ASSISTED CLICK REACTIONS

by

ALEXANDER DRAGANOV

Under the Direction of Binghe Wang, PhD

ABSTRACT

In the everlasting battle against cancer the development of drugs targeting new therapeutic
pathways is of crucial importance. In the attempt to develop new anticancer agents we have
synthesized a library of anthraguinone compounds that show selectivity against leukemia.
Mechanistic evaluation of the lead compound reveal that this class of compounds achieve their
effects through inhibition of MDM2-MDM4 heterodimer and upregulation of the tumor suppressor
p53. Computer aided rational design resulted in the development of a number of compounds with
activities in the nanomolar range against various cancer cells. Analysis of the physicochemical
properties of selected compounds allowed for their evaluation as potential drug candidates. The
successful development of non-toxic formulations permits for the further in vivo investigation of

the compounds.



Click reactions have found wide spread applications in sensing, materials chemistry,
bioconjugation, and biolabeling. A number of very useful click reactions have been discovered,
which allow for various applications. In bioconjugation applications, the ability to conduct a
secondary conjugation will be very useful in, e.g., protein pull down and binding site identification.
Along this line, we describe a neighboring group-assisted facile condensation between an aldehyde
and a vicinal aminothiol moiety, leading to the formation of benzothiazoles. The conversion is
completed within 5 minutes at low micromolar concentrations at ambient temperature. The facile
reaction was attributed to the presence of a neighboring boronic acid, which functions as an
intramolecular Lewis Acid in catalyzing the reaction. The boronic acid group is compatible with
most functional groups in biomolecules and yet can also be used for further functionalization via

a large number of well-known coupling reactions.

INDEX WORDS: Rhein, MDM2, MDM4, p53, anticancer, Click chemistry, Boronic acids,

Biorthogonal conjugation



NOVEL ANTICANCER AGENTS THAT UPREGULATE P53 AND A NEW TYPE OF

NEIGHBOURING GROUP ASSISTED CLICK REACTIONS

by

ALEXANDER DRAGANOV

A Dissertation Submitted in Partial Fulfillment of the Requirements for the Degree of
Doctor of Philosophy
in the College of Arts and Sciences
Georgia State University

2016



Copyright by
Alexander Boryanov Draganov
2016



NOVEL ANTICANCER AGENTS THAT UPREGULATE P53 AND A NEW TYPE OF

NEIGHBOURING GROUP ASSISTED CLICK REACTIONS

Electronic Version Approved:

Office of Graduate Studies
College of Arts and Sciences
Georgia State University

May 2016

by

ALEXANDER DRAGANOV

Committee Chair:

Committee:

Binghe Wang

David Wilson

Suri lyer



DEDICATION
I would like to dedicate this work to my grandmother Dr. Danka Pavlova who has been an
inspiration and a role model for me my whole life. I only wish you could share this moment with
us; may you rest in peace.

I would also like to dedicate this dissertation to my parents Boryan Draganov and
Temenuzhka Draganova. Without their encouragement and endless support this would have never
been possible. I love you both and | thank you with all my heart!

My wife, Elizabeth Bennett Draganova, has been right next to me in this intellectual
journey. | would like to dedicate my work to her as well. You have been my rock, you brought

peace to my soul, your love, care and support made this possible. I love you!



ACKNOWLEDGEMENTS

| would like to express my gratitude to my advisor Dr. Binghe Wang. His guidance and
support throughout the years shaped me as a scientist and the professional that | am today. | would
like to thank Dr. David Wilson and Dr. Suri lyer for their help, support and advice throughout this
journey. | would like to especially thank Dr. Chaofeng Dai who answered every question that |
had and was a significant contribution to my training in the skill of organic synthesis. | would like
to thank Dr. Nanting Ni, Dr. Yunfeng (Jerry) Cheng, Dr. Weixuan Chen, Dr. Hanjing Peng, Dr.
Ke Wang, Dr. Danzhu Wang, Dr. Sarah Zingales, Dr. Krishna Damera, Dr. Lifang Wang, Dr.
Bowen Ke and Dr. Siming Wang for the educational and inspiring discussions and collaborations
throughout the years. | would like to thank Jalisa Holmes, Zeus De Los Santos, Yueqin Zheng,
Sarah Laughlin-Toth, Mengyuan Zhu, Dr. Arpana Sagwal, and Dr. Mei Cui for being such a great
and supportive group of people that made the days in graduate school seem to pass so quickly.
Last, but not least | would like to thank all other, present and past group members. Every single

one of you have left a trace in my life and I have learned a lot from you.



Vi

TABLE OF CONTENTS

ACKNOWLEDGEMENTS ...ttt v
LIST OF TABLES ... ..ottt ettt X
LIST OF FIGURES ...t Xi
LISE OF SCREIMES ... Xiii
1 Novel anticancer agents that upregulate p53.........cccccoeiiiiiiicii e 1
1.1 Background and iNtrodUCTION...........cuiiiiiiiiieie e 1
T 13 TS 1
1.1.2 MDM2/MDMA ...ttt et eeenee e 3

1.1.3 Compounds targeting MDM2-p53 interactions as anticancer therapeutic

strategy 6
1.1.4 Anthraquinone compounds used as anticancer agents...........cccceevevverveenne. 14
1.1.5 RETEIEICES ..ottt 16
1.2 Mechanistic studies of the lead compound BW-AQ-101 .......ccccceevrvriiirnnnnn 23
1.2.1  EXPerimental SECHION. .......ccooiiiiiiiiiieiee e 30
1.2.2 RETFEIEICES ... 34

1.3 Design and synthesis of novel potent anthraquinone compounds as anticancer

agents 34
1.3.2 Synthesis of 1,8-diethoxyanthracene-9,10-dione compounds..................... 40

1.3.3 Synthesis of 1,8-dipropoxyanthracene-9,10-dione compounds................... 45



vii

1.3.4 Synthesis of 1,8-bis(benzyloxy)anthracene-9,10-dione compounds ........... 52
1.3.5 Synthesis of 1,8-bis(2-azidoethoxy)anthracene-9,10-dione compounds..... 55
1.3.6 Synthesis of 1,8-bis(vinyloxy)anthracene-9,10-dione compounds.............. 58
1.3.7 Synthesis of 1,8-diisobutoxyanthracene-9,10-dione compounds................ 61
1.3.8 Synthesis of 1,8-bis(isopentyloxy)anthracene-9,10-dione compounds....... 65
1.3.9 Synthesis of additional anthracene-9,10-dione analogs............c.ccocevvvrennns 70
1.3.10 Computational evaluation of the designed compounds..............c.cc.ccvvnnens 73
1.3. 11 RETEIENCES ...ttt bbbt 80

1.4 Biological evaluation of novel potent anthraquinone compounds as anticancer

agents 81

141

1.4.2

143

144

1.4.5

1.4.6

1.4.7

148

1.4.9

Evaluation of the 1,8-dimethoxyanthracene-9,10-dione compounds......... 81
Evaluation of the 1,8-diethoxyanthracene-9,10-dione compounds............ 82
Evaluation of 1,8-dipropoxyanthracene-9,10-dione compounds................ 83
Evaluation of 1,8-bis(benzyloxy)anthracene-9,10-dione compounds......... 84
Evaluation of 1,8-bis(2-azidoethoxy)anthracene-9,10-dione compounds.. 85

Evaluation of 1,8-bis(allyloxy)anthracene-9,10-dione compounds............ 86
Evaluation of 1,8-diisobutoxyanthracene-9,10-dione compounds ............. 87
Evaluation of 1,8-bis(isopentyloxy)anthracene-9,10-dione compounds..... 88

Evaluation of additional anthracene-9,10-dione analogs.............c.ccccvvuenne. 88

1.4.10  SUMMAFY/DISCUSSIONS.......vetititiitiriestieieeeeseesie sttt ee s b sbesaessesneas 89



viii

1.4.11 EXperimental SECLION........cccoiiiiiiieieeie e 90

1.5 Solubility, formulation, and stability studies of selected anthraquinone analogs

91

1.5.1 Solubility evaluation of potent anthraquinone analogs ............ccccceeevevveenee. 92
1.5.2 Formulation of selected anthraquinone analogs............cccocvevvvieeieeiiesnene. 97
1.5.3 Stability studies of selected anthraquinone analogs...........c.cccceevvieivennns 104
1.5.4 RETEIBICES ..ottt bbbt 107

1.6 CONCIUSIONS ..ottt 107

2 A new type of neighboring group assisted click reactions ............c.ccccoccevvnennnnn. 108
2.1 INErOOUCTION ..ottt e 108

2.1.1 Click and click: biorthogonal reactions allowing for secondary

FUNCLIONANIZALION ... 109
2.1.2 Dual orthogonal CONJUGAtIONS.........cceerveiiiiiriiiiie e 112

2.1.3 Multiple orthogonal conjugatioNs............ccceviriiininieeee e 113

2.2 Neighbouring boronic acid promoted click reaction ............ccccccceeceninirnnnnne. 115

2.3 CONCIUSION ...ttt bbbttt 121

2.4 EXPerimental SECLION .........cccoiieii et 122

2.5 REFEIBNCES. ...t 128
APPENDICES ...ttt nneas 137

Appendix A NMR data for the compounds described in Chapter 1.................... 137



Appendix B HPLC data for the stability studies described in Chapter 1

Appendix C NMR data for the compounds described in Chapter 2.........



LIST OF TABLES
Table 1.1 ICso values of synthesized 1,8-dimethoxyanthracene-9,10-dione analogs ................... 82
Table 1.2 ICso values of synthesized 1,8-diethoxyanthracene-9,10-dione analogs ...................... 83
Table 1.3 ICso values of synthesized 1,8-dipropoxyanthracene-9,10-dione analogs.................... 84
Table 1.4 ICso values of synthesized 1,8-bis(benzyloxy)anthracene-9,10-dione analogs ............ 85
Table 1.5 ICso values of synthesized 1,8-bis(2-azidoethoxy)anthracene-9,10-dione analogs....... 86
Table 1.6 ICso values of synthesized 1,8-bis(allyloxy)anthracene-9,10-dione analogs................ 87
Table 1.7 ICso values of synthesized 1,8-diisobutoxyanthracene-9,10-dione analogs.................. 87
Table 1.8 ICso values of synthesized 1,8-bis(isopentyloxy)anthracene-9,10-dione analogs ........ 88
Table 1.9 ICso values of synthesized anthracene-9,10-dione analogs..........cccvvvevereneiencnennnn 89
Table 1.10 Physicochemical characteristics of selected rhein analogs...........cccceveveiciencneninnnn. 95
Table 1.11 Formulation of BW-AQ-101 .......cccoeiiiiiieieiiesieie et 98
Table 1.12 Formulation of BW-AQ-112 .........coceiiieiieeiie sttt 99
Table 1.13 Formulation of BW-AQ-113 ........ooiiiiiieiieieee et nee s 100
Table 1.14 Formulation of BW-AQ-124 .........ccooiiiieiieeee et snee e 101
Table 1.15 Formulation of BW-AQ-126 ..........ccocveieiierieieseese e se e e e e e sae e sseennens 102
Table 1.16 Formulation of BW-AQ-131 ........ccoeiiiieiieieeieseese e se e steesie e e e saesneesreenee s 103
Table 1.17 Stability studies in SOIULION at 37 “C......c.coviiiiiecece e 105

Table 2.1 Biorthogonal reactants used in single molecule for sequential “click” reactions/
COMJUOALIONS. ...ttt b b bbbt b e e bt bbbt b b et e st et e st et et et bt ans 111
Table 2.2 Design of boronic acid facilitated “click” reaction............ccceeveveiiiieiniienniie e, 116

Table 2.3 Scope of the developed cyclization reaction...........ccoccveveiiverieeiisieese e 119



Xi

LIST OF FIGURES

Figure 1.1.1 A cartoon representation of the p53’s response to cellular Stress. ..........ccocvviveiinnns 3
Figure 1.1.2 A cartoon representation of the MDM2 and MDM4 primary structures. .................. 5
Figure 1.1.3 A cartoon representation of the MDM2-p53 regulatory 100p. ........ccccooeveiiiiiininnnns 6
Figure 1.1.4 Selected examples of potent MDM2-p53 PP inhibitors..........cccooeiiicncnciiinee, 11
Figure 1.1.5 Selected MDM2 ligase INhiDItOrS. ..o 14
Figure 1.1.6 Rhein and selected clinically used anthaquinone anticancer agents. .............c.c....... 16
Figure 1.2.1 Structure and activity (based on MTT assay) of BW-AQ-101.........ccccevviirvnnnnnnn 24
Figure 1.2.2 Effects of BW-AQ-101 on p53, MDM2 and MDMA4;.........c.cooviieiiiiniieie e 26
Figure 1.2.3 The binding pocket 0f MDIM2:.........ccoiiiiiiiieeee e 27
Figure 1.2.4 ITC binding assay of BW-AQ-101 against: A) MDM2 and B) MDM4 .................. 29
Figure 1.2.5 Comet assay 0f EU-1 CElIS .........ccoiiiiiiiiiiiee e 30
Figure 1.3.11,8-dimethoxyanthracene-9,10-dione analogs..........ceevevverierienieeresieneeee e sieeeens 38
Figure 1.3.2 Synthesis of 1,8-diethoxyanthracene-9,10-dione analogs............cccceovverencieniennnn. 42
Figure 1.3.3 Synthesis of 1,8-dipropoxyanthracene-9,10-dione analogs............cccceevreriieriennnne 47
Figure 1.3.4 Synthesized of 1,8-bis(benzyloxy)anthracene-9,10-dione analogs.............c.ccceuee. 53
Figure 1.3.5 Synthesized of 1,8-bis(2-azidoethoxy)anthracene-9,10-dione analogs.................... 57
Figure 1.3.6 Synthesized of 1,8-bis(vinyloxy)anthracene-9,10-dione analogs. ...........c.ccccoeueneee. 60
Figure 1.3.7 Synthesized of 1,8-diisobutoxyanthracene-9,10-dione analogs ...........cccccoceveriennne 62
Figure 1.3.8 Synthesized of 1,8-bis(isopentyloxy)anthracene-9,10-dione analogs...................... 66

Figure 1.3.9 Synthesized of various anthracene-9,10-dione analogs...........cccovvverrierencienennenn 71



Xii

Figure 1.3.10 Structures of the MDM2 RING homodimer and the MDM2-MDM4 RING
87T oo [0 T TSP RSUOSRTORRPRN 74
Figure 1.3.11: The Residues forming the binding cavity of the MDM2 RING homodimer ........ 75

Figure 1.3.12 Superimposed MDM2 RING domain extracted from the heterodimer and the

010] 0Tl [0 1T ST U RSP P PP UR PR PRORO 76
Figure 1.3.13 View of successfully bound anthraquinone analogues.............ccccceoeieniiiiinnnnnne. 77
Figure 1.3.14: Relative docking score of selected COMPOUNGS...........ccccoveriiiniicieienesccesee 77
Figure 1.3.15 Various athraquinone analogs docked in the binding pocket............cccccooivvnnnnne 78

Figure 1.3.16 The binding NYPOTNESIS.........coiiiiiiiiiee e 79



xiii

LIST OF SCHEMES
Scheme 1.1 General synthetic route to various active anthraquinones............cccocveveveereereeseene. 36
Scheme 1.2: General synthetic route to compounds 8a-8d ............ccccevveviivieiiieii e 37
Scheme 1.3 Synthesis of compound 11 through Sonogashira coupling ..........ccccceveviieiviieinenee. 37
Scheme 1.4 General synthetic route to compounds 14a-140........cccccvieereerieiieeseenesieese e 41
Scheme 1.5 Synthesis of compound 14N .........c.ooviiiii i 41
Scheme 1.6 General synthetic route to compounds 16a-1610............cccccvvevverieiierieie s 46
Scheme 1.7 Synthesis of COMPOUNT 16 .....ccecviiieiiiiiiicie e 46
Scheme 1.8 General synthetic routes to compounds 18a-18d............cccccevevieiievi e 52
Scheme 1.9 Synthesis of COMPOUNT 18E.........cueiiiiiiiiiiiee e 52
Scheme 1.10 Synthesis of compound 21a and 21D ........cccccooeiieiicie e 56
Scheme 1.11 General synthetic route to compounds 23a and 23D.........ccccoceveeveeieiiese e 59
Scheme 1.12 Synthesis 0f COMPOUN 23C.........coviiiiiiiiiicie e 59
Scheme 1.13 General synthetic route to compounds 25a-25€.........cccccvveveerieiieieeie e 62
Scheme 1.14 General synthetic route to compounds 27a-27f .........ccccvevieeveiiicie e 65
Scheme 1.15 Synthesis 0f COMPOUN 270 ......cviiuieiiciiciece e s 66
Scheme 1.16 Synthesis of compound 29, 31, 33 ... 71
Scheme 2.1 Proposed mechanism (R1 = H, Me, OMe, OBn, OCF3, F; R2 = H, CI, CF3)........ 120

Scheme 2.2 The use of the boronic acid as a handle for further modifications......................... 121



1 NOVEL ANTICANCER AGENTS THAT UPREGULATE P53

1.1 Background and introduction

Cancer is one of the leading causes of death in modern society and the medical and scientific
communities throughout the world have been engaged in an ongoing battle with this deadly disease
for decades. Although, incremental progress in controlling this modern-day “plague” has been
achieved and the grand statistics for 2015 have shown a decrease in mortality, the number of global
cancer incidence steadily keeps rising.! Furthermore, the incidence in adolescent acute solid tumor
and leukemia have been increasing by approximately 0.6 % per year since 1975.* Thus, new and
more efficient therapeutic strategies against cancer are of immediate need. Herein, we disclose the
development of series of anthraquinone-based compounds that show potency against a number of
cancer cell lines. These compounds show preferential inhibition against leukemia cell lines as well
as efficacy against drug resistant cancer cells. The developed lead compound induces cellular death
through the inhibition of MDM2/MDM4 interactions, consequently elevating p53 levels in the

cell, leading to apoptosis.

1.1.1 p53

One of the key factors in the mammalian system responsible for the cellular viability in a
“stress” situations is the transcription factor p53. This so-called “genome guardian” is a tumor
suppressor protein that is 43.7 kDa in size and its levels in normal cells are tightly regulated.? In
addition to protein suppression through transcription, p53 possesses regulatory cytoplasmic
activity.3* p53 has been shown to interact with proteins from the Bcl-2 family, thus activating, in
a non-transcriptional manner, the pro-apoptotic BH3 proteins.® There are also reports indicating
the importance of p53 in double-stranded RNA degradation, autophagy inhibition, and improved

mitochondrial permeability of the Bcl-2 proteins.® Thus, regulation of this protein in the



mammalian cell is of extreme importance. There is a number of ways to regulate p53 activity;
through translocation and degradation via ubiquitin ligases, post-translational modifications,
transcriptional co-activator, etc.” However, the key player in the p53 regulatory process is MDM2;
an active E3 ubiquitin ligase. The importance of this ligase has been exemplified in a number of
studies where deletion of Mdm2 gene resulted in early embryonic death due to p53-induced
apoptosis.® Although tightly regulated under physiological cellular environment, in stress
conditions p53 regulation is swiftly abolished and activated p53 establishes a stress response
(Figure 1). Activation of p53 has been shown in response to DNA damage, genotoxic disturbances,
abnormal cell proliferation, hypoxia, and nutrient depravation.*®12 There is a number of ways that
p53 suppresses tumor development: apoptosis, autophagy, senescence, and promotion of growth
arrest.’31* In the case of DNA damage, for example due to radiation, two major kinases ATM
(ataxia telangiectasia mutated) and Chk2 activate p53 through subsequent phosphorylation
events.’>17 Overexpression of p53 in this case will directly signal for either programmed cell death
through transcription of the Bax gene or stimulation of other pro-apoptotic proteins from the Bcl-
2 family.® Abnormal cell proliferation and growth activate p53 through the p14”RF protein.® This
protein inhibits the negative regulation of p53 and is a product of increased mitotic signaling,
normally due to the production of the Ras and Myc oncogenes during the process of cellular
division.’® These events result in cell cycle arrest through p53 dependent expression of p21, a
cyclin-dependent kinase (CDK) inhibitor. Unfortunately, about 50% of the cancer cells have
developed p53 mutations, thus keeping it dormant.?!° Despite that, the majority of cancers control
p53 levels by overexpressing its lead negative regulator; MDM?2. 22° Overexpression of the MDM2
ubiquitin ligase and its homolog MDM4 are benchmark source of inactivation/regulation of the

tumor suppressor p53.1° The p53 protein in normal cells is present at low concentration and has a



short half-life (10 — 15 min).2 There is a constant cycle of proteosomal-dependent degradation and
production of p53.2 There are numbers of E3 ubiquitin ligases that play part in this process,
however, the major contributor to the p53 degradation is MDM2.212 The inhibition of MDM2
allows the buildup of p53 to be quickly achieved under stress conditions in normal cells.
Furthermore, this process is clearly observed under stress conditions such as, hypoxia, pH shock,
heat stress, genotoxic stress, and ribosomal stress.?#2 Cancer cells that possess wild-type p53 have
developed a mechanism where MDM2 levels are kept high, resulting in down regulation of p53

and inhibition of pro-apoptotic response. This makes MDM2 an attractive therapeutic target.

Figure 1.1.1 4 cartoon representation of the p53’s response to cellular stress.

1.1.2 MDM2/MDM4

The MDM2 (murine double minute 2) protein was first isolated from 3T3DM
mouse cell lines in the 1980s.2 Shortly after the protein was isolated it was found that it can bind
and inhibit p53 tumor suppressor.?® MDM2 is an E3-ubiquitin ligase from the RING (Really
Interesting New Gene) family that exists as a homodimer under physiological conditions. MDM2
consists of 491 amino acids and has three major domains: the C-terminal RING domain (the E3

ligase domain), a Zinc finger domain, and the p53-binding N-terminal domain (Figure 2). As a p53



inhibitor, the regulation of MDM2 is very strictly controlled. MDM2 undergoes post-translational
modifications under cellular stress, so the p53 protein concentrations can be stabilized or
increased.? On the other hand when cells are under physiological conditions and there is lack of
external cellular stress, MDM2 inactivates p53 in two major ways. The first and most obvious way
of p53 regulation by the MDM2 is through the E3 ubiquitin ligase activity; meaning that p53 is
being ubiquitinated and proteosomally degraded.?”?® The second method of p53 inactivation by
MDM2 is shown to be through binding to the transactivation domain of p53 and blocking its
transcriptional activity.?? Studies have shown that MDM?2 itself is oncogenic and can cause
tumor formations in nude mice when overexpressed.>> MDM2 has been found to be overexpressed
in a number of cancer cells containing wild-type p53 including, but not limited to, leukemia cells,
osteosarcomas and sarcomas.®32 Direct regulation of MDM2 can be achieved via prost-
translational modifications such as inactivation through phosphorylation by ATM or Chk2
kinases.!” Another major regulatory way of this ligase is through a negative feedback loop that
uses overexpressed p53 to abolish the MDM2 gene transcription (Figure 3).3® An interesting fact
is that MDM?2 can regulate itself through self-ubiquitination as well.?* This can be achieved via
post-translational modifications (phosphorylation, SUMOIation, etc.) independent from MDM2’s
activity against p53.34*® Weissman and co-workers showed that the self-ubiquitination activity of
MDM?2 is RING independent.®® The RING domain is a common structural feature of the RING E3
ubiquitin ligase family. In an experiment where the RING region of MDM2 was replaced with
PRAJA1 domain, the p53 ubiquitination was abolished but the self-ubiquitination activity was

retained.® This clearly shows the complexity of the p53-MDM2 network.
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Figure 1.1.2 A cartoon representation of the MDM2 and MDM4 primary structures.

A number of p53 and MDM2 knockout studies has given proof that MDM2 is in fact a
direct negative regulator of p53.%3 As previously mentioned, a crucial structural feature of
MDM2 is the RING domain.® The transfer of ubiquity from E2 ligases to a target protein is not
the only essential function of this domain, it is also utilized as a handle for protein-protein
interactions; MDM2 uses the RING region to form stable heterodimeric structures with its
homolog MDM4.2 Although MDM4 is a structural homolog of MDM?2, it does not carry E3 ligase
activity. However, it has been proposed that through the heterodimer of the two homologs, MDM2
and MDM4, has enhanced E3 ubiquitin ligase activity compared to the MDM2 homodimer.*%4 In
fact, evidence has shown that the MDM2-MDM4 complex is responsible for polyubiquitination of
p53 compared to monoubiquotination by sole MDM2 homodimer.?*2 In addition, MDM2 serves
as negative regulator of MDM4 through direct ubiquitination.*>** MDM4 is a 90% homolog of
MDM2 and has been found to be overexpressed in a number of cancer cells that contain the p53
wild-type protein.24% This fact suggests that MDM4 plays an important role in the regulation of
p53. In fact MDM4 binds to p53 and directly regulates its activity.?**® There are two major theories
that place MDM4 in the regulation pathway of p53.2 The first theory deals with the idea that
MDM2 and MDM4 play distinct roles in the regulation of p53 and the second theory is that the

MDM2-MDM4 complex is the main p53 regulatory machine.? Both theories are supported by



experimental results and the question of what is the exact mechanism of p53 regulation regarding
MDM2 and MDM4 stays open. Various in vivo tests show that MDM2 inhibits the apoptotic
activity of p53 and MDM4 inhibits the cell arrest activity of p53.4-*° On the other hand a number
of structural studies have shown that MDM2 and MDM4 depend on each other not only for
improvement of the E3 ligase activity, but also the fact that they must function as a unit and control
p53 during embryotic development.%°0-52 |t has also been reported that MDM2 and MDM4 form
energetically much more stable heterodimer as compared to the MDM2 homodimer.>® As the
question for the exact regulation of p53 stays open, it is clear that the disruption of the p53-MDM2-

MDM4 regulatory cycle is an attractive therapeutic strategy.
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Figure 1.1.3 A cartoon representation of the MDM2-p53 regulatory loop.

1.1.3 Compounds targeting MDM2-p53 interactions as anticancer therapeutic strategy

In addition to the fact that MDM2 and MDM4 are overexpressed in over 50% of cancers,
their importance in the negative regulation of the vital tumor suppressor p53 makes these two
proteins very critical anticancer targets. In fact there is a number of academic and industrial groups

that have been actively pursuing this idea and as of 2015 there are seven compounds that reached



clinical trials.>* The development of small molecules to successfully block protein-protein
interactions (PPIs) is one of the biggest challenges in medicinal chemistry. Generally speaking
protein-protein interactions are dynamic processes and occur on a relatively large and hydrophobic
surface area of the proteins. Thus, it is understandable that in order to be efficient, a small molecule
inhibitor of PPIs must be an extremely specific and potent binder. This section of the chapter

briefly describes some of the most potent MDM2-p53 inhibitors.

1.1.3.1 Nutlin and nutlin-based analogs as MDM?2 binders

The breakthrough discovery in the field of MDM2-p53 inhibition was done by Hoffman
La Roche with the development of nutlin.®* This compound has an ICso = 90 nM (enzymatic
inhibition) and was the first small molecule to be co-crystalized with MDM2. The crystal structure
of this binding truly opened the door for the development of a number of active compounds
targeting this binding pocket. Nutlin and its analogs target the N-terminal residues of MDM2 that
form a hydrophobic pocket (Phel9, Trp23, Leu26), which has been shown to be the key interface
in the MDM2-p53 interactions. Although, nutlin showed cellular growth inhibition in the range of
1-2 uM ICso and lack of obvious toxicity at 200 mg/kg twice a day for 20 days in mouse models,
it needed improvement in its pharmacokinetic properties.>**> An optimized version of nutlin
(RO5045337) with a lower molecular weight reached phase 1 clinical trials after showing
improvement in MDMZ2 binding affinity (ICso = 18 nM), pharmacokinetic properties, improved
metabolic profile, and improved redox stability (Figure 4).>>°¢ Despite the fact that the compound
showed potency, the phase I results indicated that the drug candidate showed some hematological

toxicity, making it unsuitable for further development.



1.1.3.2 Pyrrolidine-containing MDMZ2 inhibitors

La Roche developed a second compound (RO5503781) that reached phase I clinical trials
(Figure 4).57°8 This compound was developed based on the crystal structure of nutlin bound to
MDM2; however, the compound is structurally very different. RO5503781 retains the general
three aromatic rings peripheral groups responsible for pi-pi interactions in the binding pocket.
However, the five membered core is pyrrolidine rather than being an imidazole ring. This of course
is a basis for a completely new class of compounds targeting the inhibition of MDM2-p53
interactions. RO5503781 has an I1Cso = 6 nM, 80 % oral bioavailability, and good tolerance in
mice. The reported maximum tolerated dose is 500 mg, in a 5 day schedule, twice daily.®® The
compound did exhibit side effects, such as neutropenia, and diarrhea at the maximum tolerated
dose. The disclosed side effects were well within the acceptable limits, and as of 2015, the

compound was scheduled to progress to phase Il clinical trials.

1.1.3.3 Spirooxindole-containing MDM?2 inhibitors

An MDM2 inhibitor (SAR405838) developed by Shaomeng Wang’s group at University
of Michigan was advanced to clinical trials by Sanofi S.A. in 2012 (Figure 4).>*° This compound
contains a central pyrolidine ring; however, a spirooxindole structural feature significantly
distinguishes this compound from the previously discussed MDMZ2 inhibitors. The compound was
developed through computational design and docking studies, in an attempt to obtain a strong fit
in the Phel9, Trp23, Leu26 binding pocket of MDM2. Co-crystal structure of compound
SAR405838 and MDM2 showed that in addition to the mimicked interactions of the p53 binding
residues to Phel9, Trp23, Leu26 the compound is stabilized in the pocket through additional
interactions.>® For example, the 2-fluoro-3-chlorophenyl is actively involved in a pi-pi stacking

with a histidine group of MDM2, the Cl attached to the oxindole ring participates in hydrophobic



interactions. These structural features allow for the compound to have MDM2 binding constant of
about 0.88 nM with cellular ICso range of 100-200 nM in various cancer cell lines.>® The phase |
clinical trial results have not been disclosed at this point, however, the compound has shown
significant tumor regression at 100 mg/kg daily dose through oral administration in animal
models.®® SAR405838 is the most successful example among a number of spirooxindole MDM2

inhibitors that have been developed thus far.

1.1.3.4 Piperidinone-containing MDMZ2 inhibitors

Virtual exploration of the Phel9, Trp23, Leu26 binding pocket of MDM2 led to the
discovery of another class of active p53-MDM2 interaction inhibitors. This class of compounds
and in particular AMG 232 developed by Amgen is structurally different not only by the central
core ring, but also with the branched chains (Figure 4).5* The only resemblance of this compound
with the active analogs from the spirooxindole, pyrrolidine, and nutlin based MDM2 inhibitors is
the two aromatic side chains containing Cl on positions 2 and 3 respectively. AMG 232 and
inhibitors from its class contain a piperidinone core ring, a six membered cyclic amide. This
structural feature introduces a hydrogen bond acceptor in the core structure. In addition, a free
carboxylic acid and a sulfonyl group were introduced as side chains. These structural features not
only allow for additional hydrogen bond and salt bridge formations in the MDM2 binding pocket,
but also contribute to the bioavailability and pharmacokinetic properties of the compound. AMG
232 has enzymatic I1Cso of 0.6 nM and cellular growth inhibition of 9.1 nM in the p53 wild-type
SJSA-1 cell line.5! The compound has shown complete tumor regression in in vivo models through
oral administration of 60 mg/kg daily and 16 mg/kg twice daily dose in SJISA-1 and HCT-116

xenograft mice models.®:%2 To our best knowledge, as of 2015 no significant side toxicity or side
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effects of this compound have been reported, and its pharmacokinetic and pharmacodynamics

properties are being further investigated.

1.1.3.5 Dihydroisoguinolinone-based MDM2 inhibitors

Another very potent class of MDM2 inhibitors developed from virtual screening and
computational design based on the Phel9, Trp23, Leu26 binding pocket came from Novartis with
their discovery of CGM097 (Figure 4).%2 This is a compound that has a dihyrdoisoquinolinone core
structure. The cyclic amide fragment resembles the piperidinone cores of the class of compounds
described in section 1.3.4; however, CGM097 and the analogs from its class are much more
constrained as per the presence of a fused aromatic system. The presence of 4-chloropehyl ring is
another reoccurring structural feature that is of importance in making the hydrophobic contact in
the MDM2 binding pocket. These functionalities resulted in excellent binding with an affinity of
CGMO097 to MDM2 of about 1.7 nM. These results were supported by promising proliferation
inhibition values in the range of 200-300 nM for various p53 wild-type cancer cell lines.®* The
developed compound did not show significant toxicity. However, a minor fraction in animals
(mouse and monkey) studies indicated perturbations in the organs with high cellular turnover (i.e.
bone marrow, the lymphoid organs, the Gl tract, etc.).®* The results were considered sufficiently

promising that the compound was advanced to phase I clinical trials.

1.1.3.6 Additional potent MDM?2 inhibitors and compounds in clinical trial

Two additional inhibitors with undisclosed chemical structures SCH 900242 and MK-8242
have been reported in clinical trials by Daiichi Sankyo Inc. and Merk respectively.>* These
compounds are being tested in advanced leukemia and solid-state tumor patience in combination
with cytarabine. There is a large number of other potent agents that are designed to mimic the p53

helical region that binds to the Phel9, Trp23, Leu26 binding pocket, but have not really reach the
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potential to be considered drug candidates. The importance of this therapeutic target is clear and
there is a number of outstanding reviews that go into details describing each class of
compounds.>*®>® Some of the most noteworthy classes that may lead to compounds entering
clinical trials are chalcones, benzodiazepine, isoindolinone, chromenotriazolopyrimidine, and
dihydroimidazothiazol-containing compounds. In addition, a number of the reported compounds
with the following structures have shown dual inhibition of MDM2 and MDM4 binding to p53:
cis-imidazolines, indolyl-hydantoins, pyrrolopyrimidines, and oxalopiperidinone lactams.>*
Although highly potent, none of the compounds that belong to the listed classes have yet reached

clinical trials.
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Figure 1.1.4 Selected examples of potent MDM2-p53 PPI inhibitors.
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1.1.3.7 Peptides as MDMZ2 inhibitors.

As it was discussed earlier in this chapter, generally speaking disruption of PPI by small
molecules is very difficult. In the case of MDM2 inhibitor development, a vast majority of small
molecules have been designed based on the structure of the Phel9, Trp23, Leu26 binding pocket.
It has been shown that this pocket binds an a-helical region of p53, thus substantial effort has been
applied towards the development of successful molecular mimics of this helical interaction with
MDMZ2. Since the natural substrate of this binding pocket is a helical peptide, the development of
synthetic peptides as MDMZ2 binders has been attempted as well. Thus, employing the strategy of
synthetically binding or “stapling” peptides, so that they retain specific structure (i.e. a-helix),as
MDM2 binders has shown promise. The downside of this strategy is that synthetic linear peptides
can exist in various conformations under physiological conditions. The idea of structurally
constraining small peptides as active agents has been extensivelly explored in the field of
antibiotics development.®”-%° Two examples of stapled peptides targeting MDM2-p53 interactions
stand out in the literature: SAH-p53-8 and ATSP-7041. After a number of modifications in an
attempt to develop stabilized a-helix (SHA) of p53 as a potent PPI inhibitor Walensky and co-
workers developed SAH-p53-8.° The developed peptides used olefin metathesis to staple
strategically incorporated hydrocarbons together and stabilize the helical structure. SAH-p53-8 is
a compound that actively permeates cellular membrane and has proliferation inhibition of 8.5 uM
against SJSA-1cell line. The in vitro data clearly shows p53 dependent apoptosis of the cancer
cells after treatment with the designed peptide.’® In addition, the peptide was reported to be more
potent MDM4 binder (Kp = 2.3 nM) than MDM2 (Kp = 55 nM)."* In vivo experiments showed the
significant inhibition of tumor growth in a JEG-3 xenograft mouse model and lack of significant

toxicity to normal cells.” The lack of detailed pharmacokinetic (PK) and pharmacodynamics (PD)
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data for SAH-p53-8 does not allow for this compound to be advanced to clinical trials at this point.
Another very potent stapled peptide as dual MDM2, MDMX inhibitor was developed by Aileron
Therapeutics, Inc.”? The peptide successfully induces apoptosis through the p53 signaling network.
ATSP-7041 was developed through a similar olefin metathesis as utilized by Walensky’s lab. In
vitro and in vivo studies showed the efficacy of this peptide in reducing tumor growth.”? The
compound was tested in 3 animal models, mouse, rat, and monkey and exhibited promising PK
and PD profiles.”? These peptides serve as examples that the dual inhibition of MDM2 and MDM4

interactions with p53 might be an alternative in the development of new anticancer strategy.

1.1.3.8 Inhibitors of the MDM2 E3 Ligase

In addition to MDM2-p53 PPI inhibition and the dual MDM2/MDM4-p53 PPI inhibition,
a third strategy to activate the p53 pathway has emerged in the recent years; selective inhibition of
the MDM2 activity. This strategy aims to develop selective binders to the E3 active center (the
RING domain) of MDM2, thus inactivating its ligase activity towards p53 upon binding. To our
best knowledge, there have only been two reports of MDMZ2 inhibitors that activate the p53
apoptotic pathway upon binding to the E3 ligase RING domain.*>"3™* Both groups came across
these two classes of compound after high-throughput screening of libraries of compounds against
RING E3 ligases. In 2005 Weissman and co-worker reported the first pyrimido-dione-quinoline
as MDM2 RING domain binder.” This compound opened a new class of inhibitors, which possess
a flat aromatic core structure. The first generation of compounds (HLI98) described by Weissman
generally suffered from poor water solubility, hindering the ability to devleop the compounds as
potent therapeutic agents (Figure 5). In terms of proof of principle, these compounds showed
selective inhibition of MDMZ2 in the 20-50 uM (PRE cells) range and mechanistic studies clearly

indicated the activation of the p53 pathway.’* The same group reported the water soluble HL1373,
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possessing pyrimido-dione-quinoline and improved ICso value of 3 pM against PRE cells.”® The
compound, however, showed off-target effects that did not allow for their further development as

therapeutic agent.
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Figure 1.1.5 Selected MDM2 ligase inhibitors.

Utilizing Foster resonance energy transfer (FRET)-based high-throughput assay, a
quinoline-based MDM2-MDM4 RING-RING PPI inhibitors were reported by Wang and co-
workers in 2015 (Figure 5).* These inhibitors showed significant upregulation of p53 and
downregulation of MDM2 in leukemia cell lines. In addition to the reported ICso = 0.5 UM against
lymphoma cell lines (wt-p53); interestingly the self-ubiquitination activity of MDM2 was retained.
The retention of self-ubiquitination activity is evidence for the specific blockage of MDM2-
MDM4 RING-RING interactions, but not MDM2-MDM2 interactions. The inhibition of MDM2-
MDM4 PPIs with the purpose of activation of p53 is truly a novel anticancer therapeutic strategy.
The therapeutic evaluation of the reported compounds, MMRIi6 and MMri64, needs to be further
investigated; however, the mechanistic evidence of their action truly opens a new therapeutic

ground for exploration.

1.1.4 Anthraquinone compounds used as anticancer agents
The development of novel (in terms of mechanism of action and structural scaffold)
nontoxic, target-specific anticancer agents is of great need. In attempt to solve this issue, a number

of scientists across the world have turned to nature for a solution. Though evolutionary
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development, nature has found a way to control abnormalities in earth’s eco-system. One of the
ways that nature does that is through the enzymatic/evolutionary development of natural products,
which have served as active agents against a number health-threatening conditions. With this in
mind and in the search of new anticancer therapies we looked to nature and into the anthraquione-
based natural product rhein.

Rhein is a natural product isolated from the ground plant Rhubarb, which belongs to the
Rheum family. Compounds that have structural similarities to rhein, such as doxorubicin,
daunorubicin and mitoxanthrone, have been successfully marketed as anticancer drugs (Figure
5).”>"" These compounds belong to the anthracycline family and have been extensively used in
clinical settings for the treatment of various cancers. Despite the excellent anticancer activity,
however, they have shown serious side effects such as cardiotoxicity.”™’’ Generally speaking the
compounds from the anthracycline family have been reported to follow one or more of the
following mechanisms of action: a) DNA intercalation and inhibition of its synthesis, b) DNA
damage through free radical generation, c) binding of DNA, d) DNA alkylation/cross-linking, e)
DNA damage through topoisomerase 1l inhibition, and f) direct topoisomerase II inhibition.”® A
common belief is that the cardiotoxicity of doxorubicin and daunorubicin derives from their redox
chemistry leading to free radical formation and the subsequent lipid peroxidation.” It is well
known that single electron addition to the dienone ring of the anthracycline core generates reactive
oxygen species (ROS), which lead to cellular damage. The generation of ROS and oxidative DNA
damage has been observed at supraclinical concentrations of doxorubicin; however, at low
micromolar concentration the effects of DNA damage through topoisomerase inhibition is
predominant. The generation of ROS at high treatment concentrations is of major concern and

potentially the cause of the potentially lethal side effects developed by patients treated with this
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family of drugs. Recent findings that carbon monoxide can ameliorate doxorubicin’s cardiotoxicity
through mitochondrial biogenesis also lends insight into the mechanism of the cardiotoxic actions
of doxorubicin.”® Clinical studies have shown that 36% of patients treated with multiple doses

of 500 mg/m? doxorubicin develop cardiomyopathy.8
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Figure 1.1.6 Rhein and selected clinically used anthaquinone anticancer agents.

There is no question of the efficiency of this class of drugs against various cancers;
however, the observed lethal side effects are a serious issue that needs to be addressed. Studies
have shown that rhein is well tolerated by the human body when used as a laxative, but it has
relatively low anticancer activity with 1Cso in the range of 12~120 uM.82%¢ The low, but promising
anticancer activity of rhein and its lack of toxicity make this molecule an excellent starting point
for the development of chemical analogs, which can potentially become drug candidates. The
development of a new anticancer agent based on the clinically used anthraquinone scaffold, yet
lacking intrinsic toxicity to normal cells, is a plausible strategy. The following sections of this
chapter describe the utilization of this strategy to develop novel, active anticancer compounds

based on rhein.
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1.2 Mechanistic studies of the lead compound BW-AQ-101

*All biological and mechanistic work described in this section was performed exclusively
by Dr. Muxiang Zhou'’s lab at Emory University. The author of the chapter contributed with
synthetic route optimization, preliminary MTT screening against six cell lines, and computational
analysis.

In the pursuit of novel active agents form the anthraquinone family our initial efforts
resulted in the development of a few active compounds.! One in particular (BW-AQ-101) stood
out as a potent agent against leukemia cell lines; 1Cso = 0.69 uM against Molt4 cells. These
preliminary findings gave us the stimulus to develop a more efficient synthetic route to BW-AQ-
101 and further examine its biological activity and mechanism of action. The synthetic
development of a more efficient route was previously disclosed by the author and will not be
covered in this section.? Extensive examination against number solid and leukemia cell lines
showed that compound BW-AQ-101 has selectivity over leukemia cell lines (Figure 1.2.1). The
compound showed low micromolar 1Csg values against solid tumor cell lines (Hela, KB, Cos 7,

and drug resistant T98G) and mid nanomolar activity against selected leukemia cell lines (Molt4,
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K562, EU-1). Understanding the mechanism of action of a given compound is of extreme
importance in the drug development process. Although there is a number of examples of active
agents that have reached clinical trials and even market, the targeted therapeutics strategy has been
proven to be the key to the development of safe and efficient drug candidates.3* Therefore, in
collaboration with Dr. Zhou (Emory University) we explored the possible mechanism of action of
this compound. As previously described p53 is the key player in cellular response upon cellular
stress. Our effort was focused on the examination of the p53 signaling network upon cellular

treatment with BW-AQ-101.
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BW-AQ-101

Hela KB Cos7 T98G Molt4 K562 EUL

Compound (LM) (LM) (LM) (LM) (LM) (LM) (LM)
BW-AQ-101 2.2 16 3.0 >13 0.69 0.93 0.83

Figure 1.2.1 Structure and activity (based on MTT assay) of BW-AQ-101.

Because BW-AQ-101 showed potency against leukemia cell lines, the investigation of its
mechanism of action was done by utilizing a number of leukemia cell lines. Five previously-
characterized acute lymphoblastic leukemia (ALL) cell lines were selected; Sup-B13, EU-1 and
EU-3 cells that have the wt-p53; EU-6 that has a p53 mutation; and EU-8 that has a p53-null
phenotype. All cell lines except EU-8 express MDM2 and MDM4. Interestingly BW-AQ-101
showed strong cytotoxic effect in all cell lines expressing wt-p53 and MDM2 and considerably
less effect on the other two cell lines (data not shown). This was the first indication that the active

compound induces apoptosis in p53-dependent manner. In this line of thought, it was hypothesized
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that BW-AQ-101 interrupts the p53-MDM2-MDM4 regulatory cycle, causing apoptosis. Western
blot assays indicated significant downregulation of MDM2 in the p53 wild type cell lines treated
with the compound, which supported the established hypothesis (Figure 1.2.2 A). In addition, BW-
AQ-101 did not show significant effect on the expression of MDM4. As previously discussed, p53
and MDM?2 exist in a “love-hate” regulatory cycle, where p53 expresses MDM2 when needed and
on the other hand MDM2 downregulates p53 through ubiquitination. Thus, the evaluation of the
transcriptional effect of BW-AQ-101 on MDM2 was curtail. RT-PCR experiments demonstrated
that the MDM2 mRNA level was significantly elevated by BW-AQ-101. Furthermore, BW-AQ-
101 showed no direct inhibitory effect on MDM2 mRNA expression (Figure 1.2.2 B). These
results lead to the conclusion that the transcriptional activity of p53 was not abolished. On the
contrary, the enhanced MDM2 mRNA expression upon BW-AQ-101 treatment was a result of p53

activation.
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Figure 1.2.2 Effects of BW-AQ-101 on p53, MDM2 and MDM4;

A) Western blot assays for expression of proteins, as indicated in four MDM2-positive ALL
cell lines, treated with 1 uM BW-AQ-101 for 24 h. C, control; T, treatment. B) The mRNA levels
of MDMZ2 and p53 at different time intervals upon treatment with 1 uM BW-AQ-101. C) IP-western
blot assays of EU-1 cells upon treatment with 1 uM BW-AQ-101

Since it was indicated that BW-AQ-101 appears to induce MDMZ2 protein degradation, and as
discussed in the introductory chapter, the regulation of MDM2 protein stabilization is mainly
controlled by its own C-terminal RING domain. Computational tools were utilized to exploit
potential interactions between the developed compound and the RING domain of MDMZ2. One of
the key aspects that should be kept in mind is that MDMZ2 forms a homodimer or a heterodimer
with MDM4 through direct RING-RING domain interactions. The purpose of the molecular
modeling analysis was to see whether there was a potential binding pocket for BW-AQ-101 in the

MDM2 RING domain. The molecular docking was examined using a simulated aqueous

environment. After a careful analysis of the homodimer of MDM2, two identical and symmetric
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binding pockets formed by the two MDM2 RING domains’ interactions were revealed (Figure
1.2.3A). However, the heterodimeric structure of MDM2-MDM4 showed absence of any cavities
(Figure 1.2.3B). It has been reported that the MDM2 RING domains are very unstable in solution
and that they easily form dimeric or other types of aggregate structures; therefore, it is safe to
assume that the binding pockets seen in the homodimer exist under physiological conditions. The
BW-AQ-101 docking study was in good agreement with the observed activity, and did not show
any sites for possible covalent modifications. The computational results gave insight into the
possible mechanism of action of BW-AQ-101. The docking studies revealed clear binding pocket
and potential for stable interactions of the compound with the MDM2 RING domain. However,
the residues involved in these interactions do not play part in the MDM2-MDM4 heterodimer
formation (Figure 1.2.3 C, D). The fact that the MDM2 RING domains predominantly exist in
dimeric or more complex aggregate forms entails for constant, dynamic conformational changes
that allow for the formation of complexes and their stabilizations. The conformational changes
open large surface areas that can serve as interfaces for the formation of stable MDM2-MDM4
heterodimer. We hypothesize that upon binding of BW-AQ-101 to the MDM2 RING homodimer,
the MDM2 RING structure “locks” into a folded conformation, which prevents unfolding and thus

inhibits MDM2-MDM4 heterodimer formation.

Figure 1.2.3 The binding pocket of MDM2:
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A) MDM2 homodimer showing the relative cavity depth of the binding pocket (blue: no
cavity; yellow: cavity). B) MDM2-MDM4 heterodimer, showing the lack of a cavity by coloring
the surface of the MDM2 RING residues involved in cavity formation in the homodimeric form. C)
MDM2 homodimer (orange) and the binding pocket forming amino acid residues (blue). D)
MDM2 (orange)-MDM4 (cyan) heterodimer and the MDM2 amino acid residues (blue)
participating in pocket formation in the homodimeric form. The image shows the absence of a
binding cavity as well as lack of direct interactions between the pocket-forming amino acid
residues of MDM2 (blue) with the MDM4 monomer (cyan).

In order to validate the computational results, two types of binding assays were performed;
fluorescent titration and ITC assays. After titration of BW-AQ-101 to the GST-MDM2 RING
protein a Kq = 0.31 uM was obtained from the fluorescence assay (data not shown). The control
titration of BW-AQ-101 to the GST protein itself, did not result in any binding. The ITC assays,
showed similar binding affinity of K¢ = 0.29 puM and confirmed that BW-AQ-101 binds to the
MDM2 RING domain. ITC experiment with MDM4 did not detect binding of BW-AQ-101
(Figure 1.2.4). Furthermore, both the fluorescent titration and ITC assays for detection of possible
binding between BW-AQ-101 and an MDM2 fragment (residues 1 - 424) with deletion of the
RING domain, were performed and no binding activity was detected (data not shown). In order
to validate the theory that BW-AQ-101 binds to the MDM2 homodimer and blocks MDM4
interaction, co-immunoprecipitation (Co-1P) experiments were performed. Previous studies had
demonstrated that the MDM2 protein becomes stabilized in the heterodimer form (MDM2-
MDM4).® Binding of BW-AQ-101 to MDM2 may disrupt the formation of the MDM2-MDM4
heterodimer, resulting in MDMZ2 destabilization. Co-IP and Western blot assays, showed that BW-
AQ-101 dissociated MDM2 from the MDM2-MDM4 complex (Figure 1.2.2C). Because BW-AQ-
101 has an anthraquinone core, these experiments were performed against doxorubicin. MDM2

and MDM4 were unaffected in a co-ip experiment with doxorubicin (Figure 1.2.2C). Thus, the

result suggest that BW-AQ-101, but not doxorubicin, was able to dissociate these two proteins.
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Naturally another comparison between the two compounds has to be made to verify that the
mechanism of action of BW-AQ-101 is truly as proposed above. Flat aromatic, polycyclic
compounds are known DNA binders and it is well know that doxorubicin induces apoptosis
through DNA damage. In order to verify that BW-AQ-101 does not interact with DNA in the
utilized concentrations, a comet assay was performed. The assay indicated that at 1 uM
concentration, doxorubicin induced clear DNA damage after 4 hours, while BW-AQ-101 exhibited

only DNA fragmentation after 8 hour treatment (Figure 1.2.5).
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Figure 1.2.4 ITC binding assay of BW-AQ-101 against: A) MDM2 and B) MDM4
The computational results as well as the mechanistic experiments described above show
strong evidence that the lead compound BW-AQ-101 is indeed a MDM2 RING binder. The
compound does not show significant DNA damage and correlation between molecular modeling
and binding assays agree with the hypothesis that the compound induces apoptosis through
disruption of the p53-MDMZ2 regulatory mechanism. These observations give an indication that a

new class of compounds inhibiting the p53-MDMZ2 regulation may be developed based on the lead
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compound BW-AQ-101. The correlation between in vitro and in silico binding studies allows us

to develop a computational model and design other active rhein-based anticancer agents.
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Figure 1.2.5 Comet assay of EU-1 cells
Cells were treated with 1 uM of either AQ-101 or doxorubicin, for 4 h and 8 h. Red arrow
indicates DNA damage, blue arrow indicates nuclear fragmentation/apoptosis.
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1.2.1 Experimental section
Compound-protein binding assay

The binding properties between AQ-101 and the MDM2/MDM4 RING domains were
examined by both fluorescent titration (data not shown) and isothermal titration calorimetry (ITC)
assays. The expression and purification of the MDM2 and MDM4 RING domain proteins was

performed as described previously. 8

ITC assay

The MDM2 RING protein in a Hepes buffer (10 mM Hepes, pH 7.2 and 150 mM NacCl)
solution was placed in a loading 96 DeepWell PP plate (Nunc, Thermo Fisher Scientific). The test
compound (120 pL of 24 uM stock solution) was automatically transferred by the auto-iTC200
instrument (MicroCal, GE) into the sample cell. The compound solution (2 plL) was titrated

stepwise into the protein sample cell using a syringe, for a total of 16 injections (excepting the first
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injection, which was 0.4 pL). The equilibrium time between two adjacent injections was 210 s.
The binding stoichiometry (n), dissociation constant (Kq) and thermodynamic parameters (AH and
AS) were determined by fitting the titration curve to a one-Site binding mode, using the Origin

software provided by the manufacturer.

Cells

This study used five established cell lines derived from children with acute lymphoblastic
leukemia. Four of these cell lines (EU-1, EU-3, EU-6 and EU-8) were established at Emory Uni-
versity (Atlanta, GA, USA), and one (SUP-B13) was obtained from Stephen D. Smith (University
of Kansas Medical Center, Kansas City, KS, USA). All ALL cell lines were authenticated and
their p53 phenotypes were as follows: Sup-B13, EU-1 and EU-3 cells (wt-p53); EU-6 (mutant
p53); and EU-8 (p53-null). Four of the p53-positive cell lines, including the p53-mutant EU-6,
express MDM2; whereas MDM2 is not expressed in the EU-8 cells (Zhou et al., 1995). The 293T
cell line, purchased from the American Type Tissue Collection (ATCC) was used for gene
transfection assays.

Fresh leukemia samples were selected from 16 pediatric patients treated for ALL (either at
diagnosis or first relapse), with peripheral total white blood cell (WBC) counts higher than 100 x
105/mL (Table s1). Normal human bone marrow mononuclear (NBMM) cells were obtained from
5 donors following informed consent. Of the 16 ALL patients, 13 had B-cell precursor (BCP) ALL
and 3 had T-ALL, as diagnosed by standard immunologic, morphologic and cytochemical criteria.
Mononuclear cells were separated by centrifugation in Ficoll-Hypaque (1.077g/mL). Leukemic
blasts from patient samples were further isolated by removing adherent monocytes. Specimens

collected for these studies contained more than 90% blasts, following purification. Cells and cell
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lines were grown in standard culture medium (RPMI 1640 containing 10% fetal bovine serum
(FBS), 2 mmol/L L-glutamine, 50 U/mL penicillin, and 50 ug/mL streptomycin), at 37° C in 5%

CO..

Comet assay

To test whether AQ-101 induces DNA damage, we used a single-cell gel-electrophoresis
Comet assay (Trevigen), a method as previously described.” Briefly, cells with or without AQ-101
treatments were gently harvested, embedded in an agarose layer on a microscope slide, and lysed
to remove cellular proteins. DNA was uncoiled under alkaline conditions, electrophoresed for 20
min and then stained with fluorescent dye. In contrast to undamaged nuclear DNA, damaged DNA
demonstrates a characteristic ‘comet tail’ in this assay which is directly proportional to the amount

of damaged DNA.

Quantitative RT-PCR

Total RNA was extracted from cells using the RNeasy Mini Kit (Qiagen). First-
strand cDNA synthesis was performed with a mixture of random monomers and oligo-dT as
primers. Amplification was performed with a 7500 Real-Time PCR System (Applied Biosystems),
using the QuantiFast SYBR Green RT-PCR kit (Qiagen), according to the manufacturer’s

instructions. All gene-specific primers were purchased from Qiagen.

Molecular modeling
The NMR structure of the MDM2 RING homodimer is available through the Protein Data

Bank (PDB) under the ID 2HDP.2 The X-ray RING structure of the MDM2-MDM4 heterodimer
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is also available through the PDB (ID 2VJE), with a resolution of 2.2 A.° We performed molecular
docking to see whether there was a potential binding pocket for AQ-101 in the MDM2 RING
protein. The target protein and AQ-101 were prepared by removing of all zinc ions, water residues,
and other ligands. All hydrogen atoms were added and the protein termini were fixed.
Minimization was performed by using Sybyl X 2.0 and applying standard parameters: Powell
method, Tripos force field, and Pullman charges. Simulated water environment was used by
assigning the dielectric constant to 80. Docking was performed by Surflex-Dock module in Sybyl
X 2.0. Virtual preparation of the heterodimeric structure was performed following the above-

described protocol.

MTT assay

HelLa and Cos7 cell lines were cultured in DMEM medium and T98G and KB cell lines in
MEM medium. All other the cell lines (EU1, Molt4, K562) were cultured in RPMI-1640 medium.
The medium was supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin. For
the cytotoxicity assays, cells were seeded into 96- well plate (3.0 x 10* for all solid state cell lines
and 3 x 10° for all leukemia cell lines in 100 pL per well). The compounds were dissolved or
suspended in DMSO to make 10 mM stock solutions. The stock solution was diluted using DMSO
to various concentrations. 1uL of each concentration was diluted 100 fold with medium into the
well plate keeping the DMSO < 1% throughout the experiment. Addition of compounds was
performed after adherent cells reached 40-50 % confluence. After incubation for 24 h. at 37 ° C in
humidified atmosphere with 5 % CO2, 10 uL of MTT (5 mg/mL in PBS) was added. After addition
of MTT the cells were incubated for another 4 h. The culture medium was then aspirated and 100

ML of DMSO was added to each well. The 96-well plate was read by microarray reader for optical
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density at 490 nm. All tests were performed in triplicates and ICsp values were estimated from the

averaged response curves.
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1.3 Design and synthesis of novel potent anthraguinone compounds as anticancer agents

Compound BW-AQ-101 showed potent activity against leukemia cell lines and evidence
that it disrupts the p53-MDM2 regulatory cycle. Unfortunately, this compound shows poor

solubility under physiological conditions (3uM in phosphate buffer (PBS)). Compounds’
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solubility is one of the key aspects in the drug development process. The structure of BW-AQ-101
consists of a flat, polycyclic, aromatic system with two free phenolic groups. This type of structures
are prone to pi-pi stacking, which decreases the compound’s solubility. In addition to the pi-pi
stacking, the two phenolic groups located in an a-position to a hydrogen bond acceptor (the
carbonyl groups of the anthraquinone core) are capable of inter and/or intramolecular hydrogen
bond formation. These interactions can further stabilize the packing and significantly contribute to
the poor solubility of the compound. With this in mind and the idea that potential derivatives of
BW-AQ-101 will be successful MDM2 RING binders, a series of compounds with various
substituents at the 1 and 8 positions of the anthraquinone core were designed and synthesized. We
aimed to alkylate the two phenolic groups with various substituents in order to break the hydrogen
bonding. In addition the alkylation of the 1 and 8 positions of the anthraquinone moiety will
introduce flexible functional groups, thus interrupting stacking and improving general water
solubility. The herein disclosed compounds were carefully evaluated in silico against the structure
of the MDM2 RING domain. All chemical modifications sought improvement of solubility and
binding to the pocket of MDM2 RING domain.

The designed compounds are separated into nine groups based on the substituents on the 1
and 8 positions of the anthraquinone core (see sections 1.1.31-1.1.39). All of the synthesized
compounds follow a common four step synthetic route with slight variations (Scheme 1.3.1). The
synthesis of the BW-AQ-101 analogs starts with the alkylation of commercially available rhein
(1) with various alkylating agents (Scheme 1.3.1). All alkylating agents used for this step are
commercially available except for 2-azidoethyl 4-methylbenzenesulfonate used for the synthesis
of 1,8-bis(2-azidoethoxy)anthracene-9,10-diones (21a and 21b) (Figure 1.3.5). The detailed

synthetic route towards compounds 2la and 21b is described in section 1.3.5 below. All
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compounds described in sections 1.2.1-1.3.4 and 1.3.6-1.3.7 follow the four step synthetic route to
the aniline type of intermediate (5) (Scheme 1.3.1). The commercially available rhein (1) is reacted
with a commercially available alkylating agent, consisting of either Br or Cl as a leaving group,
under basic conditions (K2CO3) in the presence of catalytic amount of Nal. The reaction is stirred
overnight at 60 °C — 70 °C in dimethylformamide (DMF) and in all cases results in quantitative
yields of intermediates 2. The second step of the synthetic route involves a hydrolysis in 0.5 N/1
N NaOH in ethanol/water (1:1, v/v) solution to form the free carboxylic acid (3) in quantitative
yield. Carboxylic acid (3) is then reacted with diphenylphosphoryl azide (DPPA) in the presence
of triethyl amine (TEA) to form the acyl azide (4). Due to the lack of stability, intermediate 4 was
not purified and directly used as a crude starting material for the next step. The conversion of
compound 4 to 5 occurs through a Curtius rearrangement. In all of the below-described classes of
compounds, intermediate 5 was used without purification. The slight variations in reaction time

between the different classes of compounds is mostly based on poor solubility of the starting

materials.
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Scheme 1.1 General synthetic route to various active anthragquinones

The first class of compounds described in this section are the 1,8-dimethoxyanthracene-
9,10-dione-based analogs of BW-AQ-101. Four of the five compounds that belong to this group
were synthesized following the general synthetic route described in Scheme 1.3.1. Compounds 8a-

8d were synthesized through an acylation reaction from aniline (6). Compounds 8a-8d were
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obtained through acylation of compound 6 with chloroacetyl chloride, 2,2,2-trifluoroacetyl

chloride, acetyl chloride, or acryloyl chloride respectively (Scheme 1.3.2 and Figure 1.3.1).

S~ o Yo R, = CH,CI (8a)
ClI™ 5 R1 CF; (8b)
.0 0‘0 e
NH, Dloxane r.t., CHCH, (8d)
Overnight
o6 £ O 8a-8d

Scheme 1.2: General synthetic route to compounds 8a-8d

Compound 11 was prepared via classic Sonogashira reaction and following previously
reported procedures.! Starting material (9) was synthesized by Dr. Chaofeng Dai from Prof.
Binghe Wang’s lab, thus details procedure and characterization of the compound is not included
in this work. Compound (9) was reacted with alkyne (10) using
tetrakis(triphenylphosphine)palladium and copper (1) iodide under basic conditions. The reaction

was stirred overnight at 60°C giving product (11).
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Scheme 1.3 Synthesis of compound 11 through Sonogashira coupling
* Compound 11 was synthesized following published procedure.t

All synthesized compounds that belong to the 1,8-dimethoxyanthracene-9,10-dione class
are summarized in figure 1.3.1. The biological activity of these compounds is described in

Section 1.4. of this chapter.
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Figure 1.3.11,8-dimethoxyanthracene-9,10-dione analogs

1.3.1.1 Experimental section

Rhein (1) was purchased from Nanjing Zelang Medical Technology Co and directly used
without further purification. Other starting materials were purchased from Sigma-Aldrich, VWR,
or Acros. Analytical-grade solvents were used for all reactions except for moisture-sensitive
reactions in which anhydrous solvents were used. TLC analysis was conducted on silica gel plates
(Silica G UV254); and column chromatography was carried out on flash silica gel (230—400 mesh).
NMR spectra were recorded at 400 MHz for *H and 100 MHz for 3C on Bruker Avance NMR
spectrometers with TMS (8 = 0.00 ppm) or residual solvent as the internal reference. Data are
reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet),
coupling constant, and integration. High-resolution mass spectrometry (HRMS) was performed
using electrospray ionization (ESI).

General experimental procedure for the synthesis of compounds 8a-8d:

Compound 6 (1.0 eq.) was dissolved and stirred in 1, 4-dioxane at room temperature
followed by addition of the corresponding acyl halide (7, 1.5 eq.). After reaction completion, the
reaction mixture was diluted with distilled water/ice. Yellow to orange solids precipitated out and

were isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and
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complete removal of water by putting the crude product in high vacuum pump system, or by
vacuum filtration. The crude product was purified by silica gel column chromatography using a
dichloromethane (DCM)/ethyl acetate (EtAc) gradient mixture to afford the pure product 8a-8d.

8a (BW-AQ-112), 2-chloro-N-(4,5-dimethoxy-9,10-diox0-9,10-dihydroanthracen-2-

yhacetamide:

Isolated yield over two steps 45 %. 'H NMR (DMSO-g6): & 10.80 (s, 1H), 7.85 (d, J = 1.6
Hz, 1H), 7.759 (d, J = 1.6 Hz 1H), 7.72-7.50 (m, 2H), 7.49 (d, J = 8.4 Hz, 1H), 4.32 (s, 2H), 3.89
(s, 3H) 3.86 (s, 3H); *C NMR (DMSO-¢6): 5 183.50, 180.54, 165.98, 160.35, 159.26, 143.89,
135.31, 134.46, 134.43, 123.78, 119.59, 119.52, 118.64, 108.64, 108.34, 56.74, 56.54, 44.08.
HRMS (ESI-TOF) m/z [M+1]+ calcd. for C18H14CINO5 360.0633, found 360.0619.

8b  (BW-AQ-132), N-(4,5-dimethoxy-9,10-diox0-9,10-dihydroanthracen-2-yl)-2,2,2-

trifluoroacetamide:

Isolated yield over two steps 50 %. *H NMR (DMSO-ds): & 8.09 (d, J = 1.6 Hz, 1H), 7.80
(d, J =2 Hz, 1H), 7.74 (t, J = 8.0 Hz, 1H), 7.68 (d, J = 7.2 Hz, 1H), 7.53 (d, J = 8 Hz, 1H), 3.90
(s, 3H), 3.89 (s, 3H); 3C NMR (DMSO-dg): & 183.30, 180.66, 160.08, 159.30, 141.83, 135.36,
134.70, 134.41, 123.72, 121.04, 119.61, 118.72, 110.23, 110.13, 56.79, 56.72. HRMS (ESI-TOF)
m/z [M+1]" calcd. for C1gH12F3NOs 380.0740, found 380.0724.

8¢ (BW-AQ-134), N-(4,5-dimethoxy-9,10-diox0-9,10-dihydroanthracen-2-yacetamide:

Isolated yield over two steps 47 %. *H NMR (DMSO-dg): § 10.46 (s, 1H), 7.84 (d, J = 1.6
Hz, 1H), 7.78 (d, J = 1.6 Hz, 1H), 7.72-7.63 (m, 2H), 7.49 (d, J = 7.6 Hz, 1H), 3.89 (s, 3H), 3.85
(s, 3H), 2.10 (s, 3H); 1*C NMR (DMSO-de): & 183.68, 180.57, 169.78, 160.38, 159.25, 144.75,
135.24, 134.49, 134.39, 123.85, 119.49, 118.98, 118.62, 108.37, 107.91, 66.81, 56.73, 56.46,

24.73. HRMS (ESI-TOF) m/z [M+1]" calcd. for C1gH1sNOs 326.1023, found 326.1007.
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8d (BW-AQ-232), N-(4,5-dimethoxy-9,10-diox0-9,10-dihydroanthracen-2-yl)acrylamide:

Isolated yield over two steps 52 %. *H NMR (DMSO-ds): § 10.69 (s, 1H), 7.95 (d,
J =2 Hz, 2H), 7.93 7.66 (m, 2H), 7.53-7.50 (m, 1H), 6.49-6.42 (m, 1H), 6.36-6.31 (m, 1H), 5.87-
5.84 (m, 1H), 3.90 (s, 3H), 3.88 (M, 2H); 3C NMR (DMSO-ds): § 183.65, 180.61, 164.35, 160.38,
159.28, 144.52, 135.30, 134.50, 134.48, 131.78, 128.85, 123.89, 119.58, 119.38, 118.67, 108.84,
108.43, 66.82, 56.77, 56.54. HRMS (ESI-TOF) m/z [M+Na]" calcd. for C19H1sNOs 360.0848,
found 360.0856.

8e (BW-AQ-130), N-(3-(4,5-dimethoxy-9,10-diox0-9,10-dihydroanthracen-2-yl)prop-2-

yn-1-yI)-2,2 2-trifluoroacetamide:

Isolated yield over two steps 60 %. *H NMR (DMSO-ds): & 10.13 (s, 1H), 7.73 (t, J = 8.0
Hz, 1H), 7.65-7.59 (m, 2H), 7.52 (d, J = 8.4 Hz, 1H), 7.46 (d, J = 1.2 Hz, 1H), 4.35 (d, J = 5.6 Hz,
2H), 3.92 (s, 3H), 3.90 (s, 3H); 13C NMR (DMSO-de): & 182.97, 180.96, 159.25, 159.22, 134.82,
134.74, 134.28, 131.99, 131.90, 129.27, 129.16, 127.66, 123.78, 121.20, 120.97, 119.55, 89.11,
81.71, 57.02, 56.77, 29.94. HRMS (ESI-TOF) m/z [M+1]* calcd. for C21H14FsNOs 418.0897,

found 418.0881.

1.3.2 Synthesis of 1,8-diethoxyanthracene-9,10-dione compounds

The 1,8-diethoxyanthracene-9,10-dione class of compounds consist of eight
analogs (14a-14h) synthesized from aniline 12. Compound 12 was synthesized following
synthetic scheme 1.3.1. The aniline (12) was then reacted with the corresponding acyl chloride
(Scheme 1.3.4) in 1,4-dioxane at room temperature to give compounds 14a-14g at various yields

(Figure 1.3.2, see the experimental section for yields).
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Scheme 1.4 General synthetic route to compounds 14a-14g

Compound 14a was used as a starting material in the synthesis of azide 14h (Scheme 1.3.5).
A substitution reaction between 14a and excess of sodium azide in acetone resulted in compound

14h. The reaction was stirred at room temperature overnight to give 14h in quantitative yields.
O‘O O‘O
JI\/Cl Acetone, r.t., Jj\/NS
14a

Overnight
O 14n

Scheme 1.5 Synthesis of compound 14h

All synthesized compounds that belong to the 1,8-diethoxyanthracene-9,10-dione class are

summarized in figure 1.3.2. The biological activity of these compounds is described in section 1.4.

of this chapter.
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Figure 1.3.2 Synthesis of 1,8-diethoxyanthracene-9,10-dione analogs

1.3.2.1 Experimental section

General experimental procedure for the synthesis of compounds (14a-14q):

Compound 12 (1.0 eq.) was dissolved and stirred in 1, 4-dioxane at room temperature
followed by addition of the corresponding acyl halide (13, 1.5 eq.). After reaction completion, the
reaction mixture was diluted with distilled water/ice. Yellow to orange solids precipitated out and
were isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and
complete removal of water by putting the crude product in high vacuum pump system, or by
vacuum filtration. The crude product was purified by silica gel column chromatography using a
dichloromethane (DCM)/ethyl acetate (EtAc) gradient mixture to afford the pure product 14a-14g.

Experimental procedure for the synthesis of compound 14h:

Compound 14a (1.0 eq.) was dissolved and stirred in acetone at room temperature

followed by addition of sodium azide (2.0 eq.). After overnight stirring, the acetone was partially
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evaporated and the remaining residue was diluted with water/ice. Yellow to orange solid
precipitated out and was isolated either by centrifugation at 5000 rpm for 10 min followed by
decantation and complete removal of water by putting the crude product in high vacuum pump
system, or by vacuum filtration.

14a (BW-AQ-113), 2-chloro-N-(4,5-diethoxy-9,10-diox0-9,10-dihydroanthracen-2-
yl)acetamide:

Isolated yield over two steps 50 %. *H NMR (DMSO-ds): § 10.78 (s, 1H), 7.85 (s, 1H),

7.77 (s, 1H), 7.67-7.65 (m, 2H), 7.48 (d, J = 6.8 Hz, 1H), 4.31 (s, 2H), 4.18-4.13 (m, 4H), 1.44-
1.38 (m, 6H); *C NMR (DMSO-ds): & 183.61, 180.29, 165.98, 159.69, 158.63, 143.75, 135.38,
134.52, 134.35, 123.90, 120.66, 119.70, 118.64, 109.42, 108.69, 65.12, 65.06, 44.08, 15.07, 14.98.
HRMS (ESI-TOF) m/z [M+1]" calcd. for C2H1sCINOs 388.0946, found 388.0934.

14b  (BW-AQ-114),  2-bromo-N-(4,5-diethoxy-9,10-diox0-9,10-dihydroanthracen-2-

ylacetamide:

Isolated yield over two steps 48 %. *H NMR (DMSO-ds): § 10.89 (s, 1H), 7.88 (s, 1H),

7.78 (s, 1H), 7.71-7.67 (m, 2H), 7.51 (d, J = 6.8 Hz, 1H), 4.23-4.14 (m, 4H), 4.09 (s, 2H), 1.44-
1.38 (m, 6H); 3C NMR (DMSO-de): & 183.33, 179.98, 171.98, 159.06, 158.12, 143.49, 134.87,
134.17, 133.86, 123.52, 120.21, 119.07, 118.17, 109.57, 108.63, 64.67, 64.56, 62.00, 14.58, 14.50.
HRMS (ESI-TOF) m/z [M+1]" calcd. for C2oH1sBrNOs 432.0441, found 432.0434.

14c (BW-AQ-115), N-(4,5-diethoxy-9,10-diox0-9,10-dihydroanthracen-2-yl)-2-

iodoacetamide:

Isolated yield over two steps 54 %. *H NMR (DMSO-dg): § 10.80 (s, 1H), 7.83 (d, J = 1.6
Hz, 1H), 7.74 (d, J = 1.6 Hz, 1H), 7.68-7.64 (m, 2H), 7.48 (dd, J =2, 7.2 Hz, 1H), 4.32-4.12 (m,

4H), 3.89 (s, 2H), 1.42-1.38 (m, 6H); 13C NMR (DMSO-ds): 5 183.62, 180.26, 168.04, 159.74,
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158.63, 144.13, 135.36, 134.52, 134.32, 123.90, 120.65, 119.53, 118.63, 109.10, 108.47, 65.12,
65.06, 15.07, 15.0. HRMS (ESI-TOF) m/z [M+1]" calcd. for CaoH1sINOs 480.0302, found
480.0291.

14d  (BW-AQ-179), 4-chloro-N-(4,5-diethoxy-9,10-diox0-9,10-dihydroanthracen-2-

ylbutanamide:

Isolated yield over two steps 30 %. *H NMR (CDCls): & 8.26 (s, 1H), 8.06 (s, 1H), 7.82 (d,
J=7.6 Hz, 1H), 7.60 (t, J = 7.6 Hz, 1H), 7.52 (d, J = 1.6 Hz, 1H), 7.31 (d, J = 8.4 Hz, 1H), 4.29-
4.22 (m, 4H), 3.68 (t, J = 6 Hz, 2H), 2.67 (t, J = 7.2 Hz, 2H), 2.23 (t, J = 6.4 Hz, 2H), 1.55 (t, J =
6.8 Hz, 6H); *C NMR (DMSO-de): 5 184.68, 179.63, 161.12, 158.51, 154.29, 135.94, 134.65,
133.55, 124.53, 120.84, 118.50, 113.28, 103.95, 102.95, 65.12, 64.44, 55.38, 15.12. HRMS (ESI-
TOF) m/z [M+Na]" calcd. for C22H22CINOs 438.1084, found 438.1103.

14e (BW-AQ-182), 2-(benzyloxy)-N-(4,5-diethoxy-9,10-diox0-9,10-dihydroanthracen-2-

ylacetamide:

Isolated yield over two steps 51 %. *H NMR (CDCls): & 8.65 (s, 1H), 8.17 (s, 1H), 7.78 (d,

J=7.6 Hz, 1H), 7.55 (t, J = 8 Hz, 1H), 7.47 (s, 1H), 7.36 (s, 5H), 7.26 (d, J = 8 Hz, 1H), 4.65 (s,
2H), 4.26-4.18 (m, 4H), 4.09 (s, 2H), 1.53-1.49 (m, 6H); 3C NMR (CDCls): & 183.85, 181.23,
168.27, 160.52, 159.00, 142.00, 136.23, 135.43, 134.71, 133.47, 128.84, 128.60, 128.18, 124.26,
120.19, 119.94, 118.99, 109.65, 108.75, 73.91, 69.42, 65.44, 14.72, 14.57. HRMS (ESI-TOF) m/z
[M+Na]" calcd. for C27H25NOg 482.1580, found 482.1566.

14f (BW-AQ-198), 2-chloro-N-(4,5-diethoxy-9,10-diox0-9,10-dihydroanthracen-2-

vl)propanamide:

Isolated yield over two steps 43 %. *H NMR (CDCls): § 8.60 (s, 1H), 8.16 (d, J = 1.6 Hz,

1H), 7.82 (d, J = 7.6 Hz, 1H), 7.59 (t, J = 8 Hz, 1H), 7.53 (d, J = 1.6 Hz, 1H), 7.30-7.26 (m, 1H),
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4.59-4.57 (m, 1H), 4.29-4.21 (m, 4H), 1.84 (d, J = 7.2 Hz, 3H), 1.56-1.52 (m, 6H); 3C NMR
(DMSO-de): 6 183.62, 180.32, 168.62, 159.70, 158.64, 143.81, 135.38, 134.52, 134.37, 123.92,
120.68, 119.75, 118.65, 109.54, 108.85, 65.12, 65.08, 55.15, 21.27, 15.06, 14.99. HRMS (ESI-
TOF) m/z [M+Na]" calcd. for C21H20CINOs 424.0928, found 424.0940.

149 (BW-AQ-199), 2-chloro-N-(4,5-diethoxy-9,10-diox0-9,10-dihydroanthracen-2-

ylbutanamide:

Isolated yield over two steps 53 %. 'H NMR (CDCls): § 8.62 (s, 1H), 8.16 (d, J = 1.6 Hz,
1H), 7.82 (d, J = 7.6 Hz, 1H), 7.59 (t, J = 8 Hz, 1H), 7.54 (d, J = 1.6 Hz, 1H), 7.29 (d, J = 8 Hz,
1H), 4.49-4.46 (m, 1H), 4.29-4.21 (m, 4H), 2.25-2.20 (m, 1H), 2.13-2.08 (m, 1H), 1.57-1.52 (m,
6H), 1.12 (t, J = 7.2 Hz, 3H); 13C NMR (DMSO-ds): 5 183.64, 180.35, 168.18, 159.72, 158.65,
143.72, 135.41, 134.54, 134.42, 120.72, 119.85, 118.67, 109.62, 108.88, 65.12, 61.20, 28.01,
15.06, 15.00, 11.06. HRMS (ESI-TOF) m/z [M+Na]" calcd. for C22H2>CINOs 438.1084, found
438.1096.

14h  (BW-AQ-159), 2-azido-N-(4,5-diethoxy-9,10-diox0-9,10-dihydroanthracen-2-

ylacetamide:

Isolated yield 100 %. 'H NMR (CDCls): & 8.35 (s, 1H), 8.16 (s, 1H), 7.84 (d, J = 7.6 Hz,

1H) 7.63-7.55 (m, 2H), 7.31 (d, J = 8.0 Hz, 1H), 4.29-4.22 (m, 6H), 1.58 (m, 6H); *C NMR
(CDCls): & 183.74, 165.26, 160.50, 159.02, 141.73, 135.53, 134.69, 133.57, 119.96, 119.02,
109.73, 108.85, 65.50, 65.43, 52.95, 42.92, 14.72, 14.56. HRMS (ESI-TOF) m/z [M+1]* calcd. for

C20H18N40Os 395.1350, found 395.1336.

1.3.3 Synthesis of 1,8-dipropoxyanthracene-9,10-dione compounds
The 1,8-dipropoxyanthracene-9,10-dione class of compounds consist of ten analogs (16a-

16j) synthesized from aniline 15. Compound 15 was synthesized following synthetic scheme
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1.3.1. The aniline (15) was the reacted with the corresponding acyl chloride (Scheme 1.3.6) in 1,4-
dioxane at room temperature to give compounds 16a-16i at various yields (Figure 1.3.3, see the

experimental section for yields).

R, = CH,CI (16a); X = Cl
CH,Br (16b); X = Br
1L L Cr (160 X -1
O O O CHCH, (16d); X = Cl
x 3R CHCICH; (16e); X = Cl
O‘O O‘O CHCICH,CH; (16f); X = Cl
NH, Dloxane r.t., CH,CH,CI (16g); X =Cl
o 15 Overnight O 16a-1 6g CH,CH,CH,CI (16h); X = C1

CH,OC(C; (16i): X = Cl

Scheme 1.6 General synthetic route to compounds 16a-16i

Compound 16a was used as a starting material in the synthesis of azide 16j (Scheme
1.3.7). A substitution reaction between 16a and excess of sodium azide in acetone resulted in
compound 16j. The reaction was stirred at room temperature overnight to give 16j in quantitative

yields.

ARG ARG
Jo e L Jom

Overnight
O 16a & O 16§

Scheme 1.7 Synthesis of compound 16j

All synthesized compounds that belong to the 1,8-dipropoxyanthracene-9,10-dione class
are summarized in figure 1.3.3. The biological activity of these compounds is described in

section 1.4. of this chapter.
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Figure 1.3.3 Synthesis of 1,8-dipropoxyanthracene-9,10-dione analogs

1.3.3.1 Experimental section

General experimental procedure for the synthesis of compounds (16a-16i):

Compound 15 (1.0 eq.) was dissolved and stirred in 1, 4-dioxane at room temperature
followed by addition of the corresponding acyl halide (13, 1.5 eq.). After reaction completion, the
reaction mixture was diluted with distilled water/ice. Yellow to orange solids precipitated out and
were isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and

complete removal of water by putting the crude product in high vacuum pump system, or by
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vacuum filtration. The crude product was purified by silica gel column chromatography using a
dichloromethane (DCM)/ethyl acetate (EtAc) gradient mixture to afford the pure product 16a-16i.

Experimental procedure for the synthesis of compound 16j:

Compound 16a (1.0 eg.) was dissolved and stirred in acetone at room temperature followed
by addition of sodium azide (2.0 eq.). After overnight stirring, acetone was partially evaporated
and the remaining residue was diluted with water/ice. Yellow to orange solid precipitated out and
was isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and complete
removal of water by putting the crude product in high vacuum pump system, or by vacuum
filtration.

16a (BW-AQ-116), 2-Chloro-N-(9,10-dioxo-4,5-dipropoxy-9,10-dihydroanthracen-2-

yhacetamide:

Isolated yield over two steps: 40%. *H NMR (DMSO-ds): § 10.77 (s, 1H), 7.85 (s, 1H),

7.76 (s, 1H), 7.66-7.64 (m, 2H), 7.48 (d, J = 6.4 Hz, 1H), 4.31 (s, 2H), 4.07-4.00 (m, 4H), 1.83-
1.75 (m, 4H), 1.06 (d, 6H); 3C NMR (DMSO-ds): 5 183.63, 180.26, 165.95, 159.83, 158.77,
143.72, 135.34, 134.50, 134.27, 124.02, 120.63, 119.85, 118.58, 109.43, 108.64, 70.81, 70.75,
55.37, 22.53, 22.45, 10.81, 10.76. HRMS (ESI-TOF) m/z [M+1]* calcd. for CzH22CINOs
416.1259, found 416.1240.

16b (BW-AQ-117), 2-Bromo-N-(9,10-dioxo-4,5-dipropoxy-9,10-dihydroanthracen-2-

ylacetamide:

Isolated yield over two steps: 30%. *H NMR (DMSO-ds): & 10.88 (s, 1H), 7.86 (d, J = 2

Hz, 1H), 7.76 (d, J = 2 Hz 1H), 7.68-7.66 (m, 2H), 7.48 (dd, J = 1.6, 6 Hz, 1H), 4.09 (s, 2H),
4.07-4.01 (m, 4H), 1.84-1.76 (m, 4H), 1.08-1.03 (m, 6H); *C NMR (DMSO-de): & 183.66,

180.29, 166.15, 159.85, 158.78, 143.84, 135.38, 134.52, 134.32, 124.05, 120.68, 119.89, 118.61,
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109.33, 108.58, 70.83, 70.77, 30.73, 22.53, 22.45, 10.82, 10.77. HRMS (ESI-TOF) m/z [M+1]*
calcd. for C22H22BrNOs 460.0754, found 460.0749.

16¢ (BW-AQ-118), N-(9,10-dioxo-4,5-dipropoxy-9,10-dihydroanthracen-2-yl)-2-

iodoacetamide:

Isolated yield over two steps: 35%. *H NMR (CDCls): § 8.39 (s, 1H), 8.15 (s, 1H), 7.79 (d,
J=7.2Hz, 1H), 7.58 (t, J = 8.4 Hz, 1H), 7.50 (s, 1H), 7.29 (d, J = 8.4 Hz, 1H), 4.13-4.08 (m, 4H),
3.91 (s, 2H), 1.84-1.76 (m, 4H), 1.96-1.90 (m, 4H), 1.10 (s, 6H); 3C NMR (CDCls): § 184.27,
181.22, 166.08, 160.60, 159.15, 142.53, 135.32, 134.67, 133.51, 124.45, 120.54, 120.05, 118.89,
109.75, 108.70, 71.35, 71.33, 22.51, 22.40, 10.47. HRMS (ESI-TOF) m/z [M+1]* calcd. for
C22H22INOs 508.0615, found 508.0596.

16d (BW-AQ-118), N-(9,10-diox0-4,5-dipropoxy-9,10-dihydroanthracen-2-yl)-2-

iodoacetamide:

Isolated yield over two steps: 35%. *H NMR (CDCls): § 8.39 (s, 1H), 8.15 (s, 1H), 7.79 (d,
J=7.2 Hz, 1H), 7.58 (t, J = 8.4 Hz, 1H), 7.50 (s, 1H), 7.29 (d, J = 8.4 Hz, 1H), 4.13-4.08 (m, 4H),
3.91 (s, 2H), 1.84-1.76 (m, 4H), 1.96-1.90 (m, 4H), 1.10 (s, 6H); 3C NMR (CDCls): § 184.27,
181.22, 166.08, 160.60, 159.15, 142.53, 135.32, 134.67, 133.51, 124.45, 120.54, 120.05, 118.89,
109.75, 108.70, 71.35, 71.33, 22.51, 22.40, 10.47. HRMS (ESI-TOF) m/z [M+1]* calcd. for
C22H22INOs 508.0615, found 508.0596.

16e (BW-AQ-201), 2-Chloro-N-(9,10-dioxo-4,5-dipropoxy-9,10-dihydroanthracen-2-

ylbutanamide:

Isolated yield over two steps: 52%. 'H NMR (CDCls): § 8.77 (s, 1H), 8.15 (d, J = 1.6 Hz,
1H), 7.79 (d, J = 7.6 Hz, 1H), 7.60-7.56 (m, 2H), 7.29 (d, J = 8.4 Hz, 1H), 4.49-4.46 (m, 1H), 4.14-

4.08 (M, 4H), 2.23-2.11 (m, 1H), 2.09-2.05 (m, 1H), 1.96-1.90 (m, 4H), 1.12-1.09 (m, 9H); 3C
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NMR (CDCls): 6 183.91, 181.18, 167.62, 160.59, 159.12, 141.87, 135.41, 134.65, 133.48, 124.44,
120.76, 119.97, 118.92, 109.76, 108.96, 71.33, 62.55, 28.85, 22.50, 22.40, 10.47, 10.40. HRMS
(ESI-TOF) m/z [M+Na]" calcd. for C24H26CINOs 466.1397, found 466.1390.

16f (BW-AQ-200), 2-Chloro-N-(9,10-dioxo-4,5-dipropoxy-9,10-dihydroanthracen-2-

vl)propanamide:

Isolated yield over two steps: 37%. 'H NMR (CDCls): § 8.87 (s, 1H), 8.14 (d, J = 1.6 Hz,
1H), 7.78 (d, J = 7.6 Hz, 1H), 7.57 (t, J = 8 Hz, 2H), 7.29-7.26 (m, 1H), 4.64-4.58 (m, 1H), 4.14-
4.07 (m, 4H), 1.95-1.89 (m, 4H), 1.82 (d, J = 7.2 Hz, 3H), 1.11-1.08 (m, 6H); 1*C NMR (CDCly):
0 183.88, 181.28, 168.22, 160.54, 159.10, 142.05, 135.38, 134.64, 133.50, 124.40, 120.68, 119.94,
118.92,109.77, 109.03, 71.31, 55.68, 22.49, 22.38, 22.20, 10.46. HRMS (ESI-TOF) m/z [M+Na]*
calcd. for C23H24CINOs 452.1241, found 452.1262.

160 (BW-AQ-215), 3-Chloro-N-(9,10-dioxo-4,5-dipropoxy-9,10-dihydroanthracen-2-

vl)propanamide:

Isolated yield over two steps: 45%. *H NMR (DMSO-ds): & 10.59 (s, 1H), 7.88-7.84 (m,
2H), 7.69-7.65 (m, 2H), 7.50 (d, J = 7.4 Hz, 1H), 4.09-4.02 (m, 4H), 3.90 (t, J = 6.0 Hz, 2H), 2.89
(t, J = 6.4 Hz, 2H), 1.84-1.76 (m, 4H), 1.08-1.04 (m, 6H); 3C NMR (DMSO-ds): & 183.8, 180.3,
169.5, 159.9, 158.8, 144.2, 135.4, 134.6, 134.3, 124.1, 120.7, 119.5, 118.6, 109.2, 108.5, 70.8,
70.7,22.5, 22.5, 10.8, 10.8. HRMS (ESI-TOF) m/z [M+H]" calcd. for C23H24CINOs 430.1416,
found 430.1402.

16h (BW-AQ-213), 4-Chloro-N-(9,10-dioxo-4,5-dipropoxy-9,10-dihydroanthracen-2-

ylbutanamide:

Isolated yield over two steps: 45%. *H NMR (DMSO-ds): & 10.50 (s, 1H), 7.88-7.84 (m,

2H), 7.71-7.65 (m, 2H), 7.50 (d, J = 7.6 Hz, 1H), 4.09-4.01 (m, 4H), 3.72 (t, J = 6.4 Hz, 2H), 2.55-
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2.53 (m, 2H), 2.07-2.05 (m, 2H), 1.82-1.78 (m, 4H), 1.08-1.03 (m, 6H); *C NMR (DMSO-ds): &
183.8, 180.3, 171.7, 159.9, 158.8, 144.5, 135.3, 134.6, 134.3, 124.1, 120.7, 118.6, 109.2, 108.5,
70.8, 70.7, 34.0, 28.1, 22.5, 22.5, 10.8. HRMS (ESI-TOF) m/z [M+H]* calcd. for CasH2CINOs
444.1572, found 444.1555.

16i (BW-AQ-215), 3-Chloro-N-(9,10-dioxo-4,5-dipropoxy-9,10-dihydroanthracen-2-

vl)propanamide:

Isolated yield over two steps: 45%. *H NMR (DMSO-ds): & 10.59 (s, 1H), 7.88-7.84 (m,
2H), 7.69-7.65 (m, 2H), 7.50 (d, J = 7.4 Hz, 1H), 4.09-4.02 (m, 4H), 3.90 (t, J = 6.0 Hz, 2H), 2.89
(t, J = 6.4 Hz, 2H), 1.84-1.76 (m, 4H), 1.08-1.04 (m, 6H); 3C NMR (DMSO-ds): & 183.8, 180.3,
169.5, 159.9, 158.8, 144.2, 135.4, 134.6, 134.3, 124.1, 120.7, 119.5, 118.6, 109.2, 108.5, 70.8,
70.7,22.5, 22.5, 10.8, 10.8. HRMS (ESI-TOF) m/z [M+H]* calcd. for C23H24CINOs 430.1416,
found 430.1402.

16] (BW-AQ-156), 2-Azido-N-(9,10-dioxo-4,5-dipropoxy-9,10-dihydroanthracen-2-

ylacetamide:

Isolated yield: 99%. *H NMR (DMSO-ds): & 8.62 (s, 1H), 8.11 (s, 1H), 7.79 (d, J = 7.6 Hz,

1H) 7.60-7.56 (m, 2H), 7.29 (d, J = 8.8 Hz, 1H), 4.21 (s, 2H), 7.29 (d, J = 4.4 Hz, 4H), 1.95-1.89
(m, 4H), 1.12-1.09 (m, 6H); 3C NMR (DMSO-de): 5 183.73, 180.34, 167.84, 159.88, 158.79,
143.72, 135.41, 134.55, 134.36, 124.10, 120.74, 119.80, 118.63, 109.44, 108.63, 70.85, 70.80,
51.87, 22.53, 22.46, 10.83, 10.79. HRMS (ESI-TOF) m/z [M+1]* calcd. for C22H22N4Os 423.1663,

found 423.1643.
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1.3.4 Synthesis of 1,8-bis(benzyloxy)anthracene-9,10-dione compounds

The 1,8-bis(benzyloxy)anthracene-9,10-dione class of compounds consists of five analogs
(18a-18e) synthesized from aniline 17. Compound 17 was synthesized following synthetic
Scheme 1.3.1. The aniline (17) was the reacted with the corresponding acyl chloride (Scheme
1.3.8) in 1,4-dioxane at room temperature to give compounds 18a-18d at various yields (Figure
1.3.4, see the Experimental Section for yields). During the synthesis of 18d, the byproduct (HBr)
of the reaction between aniline 17 and bromoacetyl bromide resulted in the deprotection of one of

the bezyl groups attached to either position 1 or 8 of the anthraquinone core.

OBn O OBn OBn O
X 13 R4 R, =CH,CI (18a); X =Cl
20, 2 A g [
LY =
NH, Dioxane,r.t, CHCH, (18¢); X =Cl
o 17 Overnight O 18a.18¢
OBn O OBn OH O
X 13R
- > CHzBr X =Br
NH, Dioxane, r.t.,
o 17 Overnight 0 184

Scheme 1.8 General synthetic routes to compounds 18a-18d

Compound 18a was used as a starting material in the synthesis of azide 18e (Scheme 1.3.9).
A substitution reaction between 18a and excess of sodium azide in acetone resulted in compound

18e. The reaction was stirred at room temperature overnight to give 18e in quantitative yields.

OBn O OBn OBn O

O O‘O
JJ\/CI Acetone, r.t., JJ\/ N3
Overnight
O 18a O 18e

Scheme 1.9 Synthesis of compound 18e
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All synthesized compounds that belong to the 1,8-bis(benzyloxy)anthracene-9,10-dione
class are summarized in Figure 1.3.4. The biological activity of these compounds is described in

Section 1.4. of this chapter.

OBn O OBn O OBn O OBn

sosle secldeecly

18a (BW AQ-126) 18b (BW AQ-129) 18c (BW-AQ-128)

OH O  OBn OBn O OBn

S ek

18d (BW-AQ-127) 18e (BW-AQ-162)

Figure 1.3.4 Synthesized of 1,8-bis(benzyloxy)anthracene-9,10-dione analogs

1.3.4.1 Experimental Section

General experimental procedures for the synthesis of compounds (18a-18d):

Compound 17 (1.0 eq.) was dissolved and stirred in 1, 4-dioxane at room temperature
followed by addition of the corresponding acyl halide (13, 1.5 eq.). After reaction completion, the
reaction mixture was diluted with distilled water/ice. Yellow to orange solids precipitated out and
were isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and
complete removal of water by putting the crude product in high vacuum pump system, or by
vacuum filtration. The crude product was purified by silica gel column chromatography using a
dichloromethane (DCM)/ethyl acetate (EtAc) gradient mixture to afford the pure product 18a-18d.

Experimental procedure for the synthesis of compound 18e:

Compound 18a (1.0 eqg.) was dissolved and stirred in acetone at room temperature followed

by addition of sodium azide (2.0 eq.). After overnight stirring, the acetone was partially evaporated
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and the remaining residue was diluted with water/ice. Yellow to orange solid precipitated out and
was isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and complete
removal of water by putting the crude product in high vacuum pump system, or by vacuum
filtration.

18a (BW-AQ-126), N-(4,5-bis(benzyloxy)-9,10-diox0-9,10-dihydroanthracen-2-yl)-2-

chloroacetamide:

Isolated yield over two steps: 68%. *H NMR (DMSO-dg): & 10.82 (s, 1H), 7.89 (s, 2H),
7.69-7.63 (m, 7H), 7.40-7.36 (m, 6H), 5.29 (s, 2H), 5.24 (s, 2H), 4.32 (s, 2H); 3C NMR (DMSO-
ds): 6 183.41, 180.55, 165.99, 159.34, 158.23, 143.88, 137.38, 137.09, 135.41, 134.58, 134.44,
128.89, 128.76, 128.09, 128.02, 127.43, 127.29, 124.22, 121.09, 119.98, 119.13, 109.85, 109.13,
70.60, 70.49, 44.08. HRMS (ESI-TOF) m/z [M+1]" calcd. for CzoH22CINOs 512.1259, found
512.1234.

18b (BW-AQ-129), N-(4,5-bis(benzyloxy)-9,10-diox0-9,10-dihydroanthracen-2-yl)-2-

iodoacetamide:

Isolated yield over two steps: 85%. *H NMR (DMSO-ds): & 10.87 (s, 1H), 7.89-7.66 (m,
2H), 7.73-7.60 (m, 6H), 7.43-7.35 (m, 7H), 5.30 (s, 2H), 5.26 (s, 2H), 3.87 (s, 2H); *°C NMR
(DMSO-ds): 6 183.48, 180.59, 168.11, 159.38, 158.23, 144.28, 137.38, 137.10, 135.44, 134.61,
134.47, 128.77, 128.10, 128.04, 127.33, 127.30, 124.27, 121.13, 119.85, 119.14, 109.55, 108.92,
70.61, 70.49. HRMS (ESI-TOF) m/z [M+1]* calcd. for C3oH22INOs 604.0615, found 604.0588.

18c (BW-AQ-128), N-(4,5-bis(benzyloxy)-9,10-diox0-9,10-dihydroanthracen-2-

yhacrylamide:

Isolated yield over two steps: 77%. *H NMR (DMSO-dg): & 10.76 (s, 1H), 8.06 (s, 1H),

7.97 (d, J = 1.2 Hz, 1H), 7.73-7.59 (m, 7H), 7.44-7.35 (m, 7H), 6.49-6.33 (m, 2H), 5.87 (d, J = 1.6
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Hz, 1H), 5.85 (s, 2H), 5.84 (s, 2H); 3C NMR (DMSO-ds): & 183.55, 180.64, 164.36, 159.36,
158.24, 144.50, 137.39, 137.13, 135.39, 134.64, 134.46, 131.76, 128.89, 128.77, 128.11, 128.04,
127.33,127.31, 124.33, 121.15, 119.77, 119.15, 109.91, 109.32, 70.62, 70.50, 66.82. HRMS (ESI-
TOF) m/z [M+1]" calcd. for Cs1H23NOs 490.1649, found 490.1625.

18d (BW-AQ-127), N-(4-(benzyloxy)-4-hydroxy-9,10-diox0-9,10-dihydroanthracen-2-

yl)-2-bromoacetamide:

Isolated yield over two steps: 30%. 'H NMR (DMSO-de): & 13.11(s, 1H), 11.02 (s, 1H),
7.95(d, J= 2 Hz, 2H), 7.91 (t, J = 2 Hz, 1H), 7.68-7.58 (m, 3H), 7.44 (t, J = 7.6 Hz, 2H), 7.36-
7.29 (m, 4H), 5.28 (s, 2H), 4.10 (s, 2H); *C NMR (DMSO-ds): 5 187.25, 182.21, 166.42, 162.03,
161.22, 145.77, 136.66, 136.43, 136.33, 132.74, 128.92, 128.24, 127.48, 124.90, 118.77, 117.07,
116.31, 110.33, 108.96, 70.67, 30.70. HRMS (ESI-TOF) m/z [M+1]* calcd. for C23HisBrNOs
466.0285, found 466.0263.

18e (BW-AQ-162), 2-Azido-N-(4,5-bis(benzyloxy)-9,10-diox0-9,10-dihydroanthracen-2-

yl)acetamid:

Isolated yield: 98%. *H NMR (DMSO-de): 5 10.70 (s, 1H), 7.92 (s, 2H), 7.74-7.61 (m, 7H)

7.44-7.35 (M, 6H), 5.32 (5, 2H), 5.28 (s, 2H), 4.13 (s, 2H); 3C NMR (DMSO-ds): 5 183.51, 180.65,
167.86, 159.39, 158.24, 143.88, 137.39, 137.09, 135.49, 134.63, 134.51, 128.78, 128.12, 128.06,
127.33,127.31, 124.32, 121.18, 119.94, 119.16, 109.84, 109.11, 70.63, 70.53, 51.89. HRMS (ESI-

TOF) m/z [M+1]" calcd. for C3oH22N40s 519.1663, found 519.1640.

1.3.5 Synthesis of 1,8-bis(2-azidoethoxy)anthracene-9,10-dione compounds
Two compounds that belong to the 1,8-bis(2-azidoethoxy)anthracene-9,10-dione class
(21a, 21b) were synthesized from aniline 19. Compound 19 was synthesized following synthetic

Scheme 1.3.1. Rhein (1) was reacted with iodomethane (1 eq.) in the presence of sodium
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bicarbonate (2 eq.), in DMF. The reaction was stirred at room temperature overnight and yielded
intermediate 2; where R at 1 and 8 positions are “H” and at position 3 is “CHs”. The described
intermediate (2) was then reacted with 2-azidoethyl-4-methylbenzenesulfonate (reagent
synthesized following reported protocols?) under basic conditions (K.COs, Nal, DMF, 60°C,
overnight) to give intermediate 2 (quantitative yield); where R at the 1 and 8 positions are
“CH2CH2N3” and at position 3 is “CH3s.”” Aniline 19 was then synthesized as described in Scheme
1.3.1. Compounds 21a was obtained upon reaction of 19 with chloroacetyl chloride in 1,4 —dioxane

at room temperature (Scheme 1.3.10).

N3 N3 N3 N3

it

‘O e ‘O el OO0
NH, Dloxane r.t., )K/Cl Acetone, r.t., )K/ N3
Overnight

Overnight
o1 & O 21b

Scheme 1.10 Synthesis of compound 21a and 21b

Compound 21a was used as a starting material in the synthesis of azide 21b (Scheme
1.3.10). A substitution reaction between 21a and excess of sodium azide in acetone resulted in
compound 21b. The reaction was stirred at room temperature overnight to give 21b in 98 % vyield.

The synthesized compounds that belong to the 1,8-bis(2-azidoethoxy)anthracene-9,10-
dione class are summarized in Figure 1.3.5. These compounds contain free azido groups allowing
for further functionalization through copper catalyzed of copper free “click” reactions. The

biological activity of these compounds is described in Section 1.4. of this chapter.
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Figure 1.3.5 Synthesized of 1,8-bis(2-azidoethoxy)anthracene-9,10-dione analogs

1.3.5.1 Experimental Section

Experimental procedure for the synthesis of compound 21a:

Compound 19 (1.0 eq.) was dissolved and stirred in 1, 4-dioxane at room temperature
followed by addition of the corresponding acyl halide (20, 1.5 eq.). After reaction completion, the
reaction mixture was diluted with distilled water/ice. Yellow to orange solid precipitated out and
was isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and complete
removal of water by putting the crude product in high vacuum pump system, or by vacuum
filtration. The crude product was purified by silica gel column chromatography using a
dichloromethane (DCM)/ethyl acetate (EtAc) gradient mixture to afford the pure product

21a.Experimental procedure for the synthesis of compound 21b:

Compound 21a (1.0 eg.) was dissolved and stirred in acetone at room temperature followed
by addition of sodium azide (2.0 eq.). After overnight stirring, the acetone was partially evaporated
and the remaining residue was diluted with water/ice. Yellow to orange solid precipitated out and
was isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and complete
removal of water by putting the crude product in high vacuum pump system, or by vacuum
filtration.

21a (BW-AQ-124), N-(4,5-bis(2-azidoethoxy)-9,10-diox0-9,10-dihydroanthracen-2-yl)-2-

chloroacetamide:
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Isolated yield over two steps: 55%. *H NMR (DMSO-dg): 5 10.81 (s, 1H), 7.92 (d, J = 1.6
Hz,1H), 7.84 (d, J = 1.2 Hz, 1H), 7.72-7.71 (m, 2H), 7.54-7.51 (m, 1H), 4.33 (s, 2H), 4.28-4.21
(m, 4H), 3.72-3.68 (m, 4H); 3C NMR (DMSO-ds): & 183.33, 179.86, 166.02, 159.27, 158.20,
143.78, 135.37, 134.53, 134.43, 124.34, 121.50, 120.13, 119.51, 110.37, 109.52, 68.90, 68.86,
50.22, 50.14, 44.06. HRMS (ESI-TOF) m/z [M+1]* calcd. for C20H1sCIN;Os 470.0974, found
470.0954.

21b (BW-AQ-140), 2-Azido-N-(4,5-bis(2-azidoethoxy)-9,10-diox0-9,10-

dihydroanthracen-2-ylacetamide:

Isolated yield: 98%. 'H NMR (DMSO-ds): 5 10.67 (s, 1H), 7.89 (s, 1H), 7.80 (s, 1H), 7.71
(d, J = 4.0 Hz, 2H) 7.52 (t, J = 4.0 Hz, 1H), 4.28-4.21 (m, 4H), 4.11 (s, 2H), 3.72-3.68 (M, 4H);
13C NMR (DMSO-de): § 183.35, 179.85, 167.84, 159.30, 158.19, 143.74, 135.36, 134.53, 134.40,
124.35, 121.51, 119.96, 119.50, 110.23, 109.43, 68.91, 68.85, 51.86, 50.22, 50.14. HRMS (ESI-

TOF) m/z [M+1]" calcd. for C20H16N1005 477.1351, found 477.1358.

1.3.6 Synthesis of 1,8-bis(vinyloxy)anthracene-9,10-dione compounds

The 1,8-bis(vinyloxy)anthracene-9,10-dione class of compounds consists of three analogs
(23a-23c) synthesized from aniline 22. Compound 22 was synthesized following synthetic
Scheme 1.3.1. The aniline (22) was then reacted with the corresponding acyl chloride (Scheme
1.3.6) in 1,4-dioxane at room temperature to give compounds 23a and 23b (Figure 1.3.11, see the

experimental section for yields).
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Scheme 1.11 General synthetic route to compounds 23a and 23b

Compound 23a was used as a starting material in the synthesis of azide 23c (Scheme
1.3.12). A substitution reaction between 23a and excess of sodium azide in acetone resulted in

compound 23c. The reaction was stirred at room temperature overnight to give 23c (80% vyield).

Lo L
Sor OO S

Overnight
O 23a & 0O 23¢

Scheme 1.12 Synthesis of compound 23c

Unfortunately, this class of compounds was limited to only three analogs due to their lack
of solubility. The attachment of allyl groups to positions 1 and 8 of the antraquinone core resulted
in the development of compounds with poor solubility, thus making them unsuitable drug
candidates; so additional modifications at position 3 were not explored. All synthesized
compounds that belong to the 1,8-bis(vinyloxy)anthracene-9,10-dione class are summarized in

Figure 1.3.6. The biological activity of these compounds is described in Section 1.4. of this chapter.
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Figure 1.3.6 Synthesized of 1,8-bis(vinyloxy)anthracene-9,10-dione analogs.

1.3.6.1 Experimental section

General experimental procedure for the synthesis of compounds 23a and 23b:
Compound 22 (1.0 eq.) was dissolved and stirred in 1, 4-dioxane at room temperature

followed by addition of the corresponding acyl halide (13, 1.5 eq.). After reaction completion, the
reaction mixture was diluted with distilled water/ice. Yellow to orange solids precipitated out and
were isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and
complete removal of water by putting the crude product in high vacuum pump system, or by
vacuum filtration. The crude product was purified by silica gel column chromatography using a
dichloromethane (DCM)/ethyl acetate (EtAc) gradient mixture to afford the pure product 23a and
23b.

Experimental procedure for the synthesis of compound 23c:

Compound 23a (1.0 eqg.) was dissolved and stirred in acetone at room temperature followed
by addition of sodium azide (2.0 eq.). After overnight stirring, acetone was partially evaporated
and the remaining residue was diluted with water/ice. Yellow to orange solid precipitated out and
was isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and complete
removal of water by putting the crude product in high vacuum pump system, or by vacuum
filtration.

23a  (BW-AQ-161), N-(4,5-bis(allyloxy)-9,10-diox0-9,10-dihydroanthracen-2-yl)-2-

chloroacetamide:
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Isolated yield over two steps: 73%. *H NMR (DMSO-de): § 9.56 (s, 1H), 7.81 (s, 1H), 7.81-
7.68 (m, 3H) 7.53-7.50 (m, 1H), 6.14-6.05 (m, 2H), 5.72-5.63 (m, 2H), 5.36-5.30 (M, 2H), 4.73 (t,
J = 4 Hz, 4H), 3.56 (s, 2H); 3C NMR (DMSO-dg3): & 183.74, 180.41, 159.51, 158.21, 152.33,
14491, 135.41, 134.61, 134.31, 133.59, 133.38, 124.07, 120.90, 118.91, 118.62, 117.67, 117.53,
108.75, 108.20, 69.59, 66.82. HRMS (ESI-TOF) m/z [M+1]" calcd. for C22H1sCINOs 412.0946,
found 412.0927.

23b  (BW-AQ-163), N,N-(4,5-bis(allyloxy)-9,10-diox0-9,10-dihydroanthracen-2-yl)-2-

iodoacetamide:

Isolated yield over two steps: 80%. *H NMR (DMSO-ds): § 9.51 (s, 1H), 7.77 (s, 1H), 7.68
(d, J = 4.4 Hz, 3H) 7.49 (d, J = 4.4 Hz, 1H), 6.12-6.08 (m, 2H), 5.72-5.63 (m, 2H), 5.33 (t, J = 4
Hz, 2H), 4.72 (s, 4H); 3C NMR (DMSO-ds): & 183.75, 180.42, 159.51, 158.21, 144.93, 135.42,
134.63, 134.33, 133.59, 133.38, 124.09, 120.93, 118.92, 118.64, 117.68, 117.54, 108.80, 108.23,
69.60. HRMS (ESI-TOF) m/z [M+1]" calcd. for C22H18INOs 504.0302, found 504.0278.

23c  (BW-AQ-164), 2-Azido-N-(4,5-bis(allyloxy)-9,10-diox0-9,10-dihydroanthracen-2-

ylacetamide:

Isolated yield: 80%. 'H NMR (DMSO-ds): § 9.55 (s, 1H), 7.78 (s, 1H), 7.69 (s, 3H) 7.50

(s, 1H), 6.16-6.06 (m, 2H), 5.72-5.63 (M, 2H), 5.33 (t, J = 4 Hz, 2H), 4.73 (s, 4H); 3C NMR
(DMSO-ds): § 183.76, 180.41, 159.50, 158.20, 135.41, 134.62, 134.31, 133.59, 133.38, 124.08,

120.91, 118.91, 118.59, 117.68, 117.53, 108.76, 108.23, 69.60, 69.56.

1.3.7 Synthesis of 1,8-diisobutoxyanthracene-9,10-dione compounds
The 1,8-diisobutoxyanthracene-9,10-dione class of compounds consists of five analogs
(25a-25e) synthesized from aniline 24. Compound 24 was synthesized following synthetic

Scheme 1.3.1. The aniline (24) was then reacted with the corresponding acyl chloride (Scheme
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1.3.13) in 1,4-dioxane at room temperature to give compounds 25a- 25e (Figure 1.3.7, see the

experimental section for yields).

\( \( \( \( R; = CH,CI (252); X = CI
CH,Br (25b); X = Br
O O O
x R CH,CH,Cl (25¢); X = Cl
137 CH,0C,Cs (25d): X = CI
NH, Dloxane o CH,CH,CH,Cl (25¢); X = Cl

Overnight
o 24 & O 25a-25¢

Scheme 1.13 General synthetic route to compounds 25a-25e

All synthesized compounds that belong to the 1,8-diisobutoxyanthracene-9,10-dione class

are summarized in Figure 1.3.7. The biological activity of these compounds is described in

Section 1.4. of this chapter.
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Figure 1.3.7 Synthesized of 1,8-diisobutoxyanthracene-9,10-dione analogs

1.3.7.1 Experimental section

General experimental procedure for the synthesis of compounds 25a-25e:

Compound 24 (1.0 eq.) was dissolved and stirred in 1, 4-dioxane at room temperature

followed by addition of the corresponding acyl halide (13, 1.5 eq.). After reaction completion, the
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reaction mixture was diluted with distilled water/ice. Yellow to orange solids precipitated out and
were isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and
complete removal of water by putting the crude product in high vacuum pump system, or by
vacuum filtration. The crude product was purified by silica gel column chromatography using a
dichloromethane (DCM)/ethyl acetate (EtAc) gradient mixture to afford the pure products 25a-
25e.

25a (BW-AQ-177), 2-Chloro-N-(4,5-diisobutoxy-9,10-diox0-9,10-dihydroanthracen-2-
yl)acetamide:

Isolated yield over two steps: 30%. *H NMR (CDCls): § 8.54 (s, 1H), 8.06 (s, 1H), 7.78 (d,

J=7.6 Hz, 1H), 7.57 (t, J = 8 Hz, 1H), 7.52 (s, 1H), 7.28-7.26 (m, 1H), 4.23 (s, 2H), 3.91-3.87
(m, 4H), 2.98-2.95 (m, 2H), 1.12-1.10 (m, 12H); 3C NMR (CDCls): & 183.88, 180.96, 164.39,
160.47, 159.06, 141.39, 135.44, 134.61, 133.38, 124.67, 121.26, 119.75, 118.77, 109.61, 108.68,
75.97, 42.91, 28.46, 28.40, 19.15. HRMS (ESI-TOF) m/z [M+Na]* calcd. for CasH26CINOs
466.1397, found 466.1389.

25b (BW-AQ-183), 2-Bromo-N-(4,5-diisobutoxy-9,10-diox0-9,10-dihydroanthracen-2-

ylacetamide:

Isolated yield over two steps: 25%. *H NMR (CDCls): & 8.68 (s, 1H), 8.08 (d, J = 2 Hz,

1H), 7.77 (d, J = 7.6 Hz, 1H), 7.57 (t, J = 8 Hz, 1H), 7.52 (d, J = 1.6 Hz, 1H), 7.28-7.26 (m, 1H),
4.07 (s, 2H), 3.91-3.87 (m, 4H), 2.27-2.19 (m, 2H), 1.16-1.10 (m, 12H); 3C NMR (CDCls): &
184.00, 181.04, 164.25, 160.46, 159.05, 141.84, 135.34, 134.59, 133.40, 124.62, 121.06, 119.78,
118.76, 109.59, 108.67, 76.72, 76.03, 75.96, 29.37, 28.44, 28.38, 19.15. HRMS (ESI-TOF) m/z

[M+Na]" calcd. for C24H26BrNOs 510.0892, found 510.0887.
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25c (BW-AQ-176), 3-Chloro-N-(4,5-diisobutoxy-9,10-diox0-9,10-dihydroanthracen-2-

vl)propanamide:

Isolated yield over two steps: 27 %. *H NMR (CDCls): & 8.42 (s, 1H), 8.24 (s, 1H), 7.77
(d, J = 7.6 Hz, 1H), 7.58 (t, J = 8 Hz, 1H), 7.52 (s, 1H), 7.29-7.27 (m, 1H), 3.92-3.88 (m, 6H),
2.98-2.95 (m, 2H), 2.27-2.20 (m, 2H), 1.13-1.10 (m, 12H); 3C NMR (CDCl5): 5 184.63, 181.07,
168.67, 160.55, 159.08, 142.66, 135.17, 134.64, 133.35, 124.69, 120.51, 119.89, 118.67, 109.90,
108.60, 40.45, 39.38, 28.44, 28.40, 19.17, 19.15. HRMS (ESI-TOF) m/z [M+Na]" calcd. for
Ca2sH238CINOs 480.1554, found 480.1565.

25d (BW-AQ-178), 2-(Benzyloxy)-N-(4,5-diisobutoxy-9,10-diox0-9,10-

dihydroanthracen-2-yl)acetamide:

Isolated yield over two steps: 35%. 'H NMR (CDCls): § 8.61 (s, 1H), 8.16 (d, J = 1.6 Hz,
1H), 7.79 (d, J = 7.2 Hz, 1H), 7.58 (t, J = 7.6 Hz, 1H), 7.45-7.39 (m, 6H), 7.28-7.26 (m, 1H), 4.70
(s, 2H), 4.13 (s, 2H), 3.93-3.88 (m, 4H), 2.28-2.06 (m, 2H), 1.14-1.10 (m, 12H); 3C NMR
(CDCl3): 6 184.04, 180.97, 168.17, 160.51, 159.03, 141.76, 136.22, 135.39, 134.68, 133.24,
128.86, 128.62, 128.19, 124.79, 120.77, 119.74, 118.74, 109.53, 108.48, 76.04, 75.90, 73.94,
69.43, 28.47,28.41,19.16. HRMS (ESI-TOF) m/z [M+Na]* calcd. for Ca1H33NOg 538.2206, found
538.2222.

25e (BW-AQ-212), 4-Chloro-N-(4,5-diisobutoxy-9,10-diox0-9,10-dihydroanthracen-2-

yhbutanamide

Isolated yield over two steps: 20%. *H NMR (CDCls): § 8.22 (s, 1H), 8.08 (s, 1H), 7.78 (d,

J=7.2Hz, 1H), 7.58 (t, = 7.6 Hz, 1H), 7.49 (d, J = 2 Hz, 1H), 7.29-7.26 (m, 1H), 3.92- 3.88
(m, 4H), 3.67 (t, J = 7.2 Hz, 2H), 2.69-2.65 (m, 2H), 2.26-2.21 (m, 4H), 1.13-1.10 (m, 12H); 13C

NMR (CDCls): & 184.46, 180.97, 170.77, 160.58, 159.08, 142.70, 135.27, 134.67, 133.27, 124.77,
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120.45, 119.85, 118.67, 109.67, 108.30, 76.05, 75.88, 44.27, 34.23, 29.71, 28.46, 28.42, 27.57,

19.16. HRMS (ESI-TOF) m/z [M+Na]" calcd. for C26H30CINOs 494.1710, found 494.1698.

1.3.8 Synthesis of 1,8-bis(isopentyloxy)anthracene-9,10-dione compounds

The 1,8-bis(isopentyloxy)anthracene-9,10-dione class of compounds consists of seven
analogs (27a-27f) synthesized from aniline 26. Compound 26 was synthesized following synthetic
Scheme 1.3.1. The aniline (26) was then reacted with the corresponding acyl chloride (Scheme
1.3.14) in 1,4-dioxane at room temperature to give compounds 27a-27f (Figure 1.3.8, see the

experimental section for yields).

)W\ )W\ )W\ )W\ R, = CH,CI (27a); X = CI
o o o CH,Br (27b); X = Br

CH,CH,CI (27¢); X =Cl

x 3R
CH,CH,CH,CI (27d); X = Cl
Nty Dmane g CH,OC,Cs (27¢): X = CI

CH,CH,Br (27f); X = CI

O 26 Overnight

O 27a-27¢

Scheme 1.14 General synthetic route to compounds 27a-27f

Compound 27a was used as a starting material in the synthesis of azide 27g (Scheme
1.3.15). A substitution reaction between 27a and excess of sodium azide in acetone resulted in
compound 27g. The reaction was stirred at room temperature overnight to give 27g in

quantitative yields.
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Scheme 1.15 Synthesis of compound 279

All synthesized compounds that belong to the 1,8-diisobutoxyanthracene-9,10-dione class
are summarized in Figure 1.3.8. The biological activity of these compounds is described in

Section 1.4. of this chapter.
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Figure 1.3.8 Synthesized of 1,8-bis(isopentyloxy)anthracene-9,10-dione analogs

1.3.8.1 Experimental section

General experimental procedure for the synthesis of compounds 27a-27f:
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Compound 26 (1.0 eq.) was dissolved and stirred in 1, 4-dioxane at room temperature
followed by addition of the corresponding acyl halide (13, 1.5 eq.). After reaction completion, the
reaction mixture was diluted with distilled water/ice. Yellow to orange solids precipitated out and
were isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and
complete removal of water by putting the crude product in high vacuum pump system, or by
vacuum filtration. The crude product was purified by silica gel column chromatography using a
dichloromethane (DCM)/ethyl acetate (EtAc) gradient mixture to afford the pure product 27a-27f.

Experimental procedure for the synthesis of compound 274:

Compound 27a (1.0 eg.) was dissolved and stirred in acetone at room temperature followed
by addition of sodium azide (2.0 eq.). After overnight stirring, the acetone was partially evaporated
and the remaining residue was diluted with water/ice. Yellow to orange solid precipitated out and
was isolated either by centrifugation at 5000 rpm for 10 min followed by decantation and complete
removal of water by putting the crude product in high vacuum pump system, or by vacuum
filtration.

27a (BW-AQ-181), N-(4,5-bis(isopentyloxy)-9,10-diox0-9,10-dihydroanthracen-2-yl)-2-

chloroacetamide:

Isolated yield over two steps: 47%. *H NMR (CDCls): & = 8.64 (s, 1H), 8.14 (s, 1H), 7.81
(d,J = 7.8 Hz, 1H), 7.60 (t, J =8 Hz, 1H), 7.56 (s, 1H), 7.31 (d, J = 7.6 Hz, 1H), 4.25 (s, 2H),
4.21-4.15 (m, J = 4.6 Hz, 4H), 2.04-1.98 (m, J = 8 Hz, 2H), 1.85-1.79 (m, 4H), 1.02 (s, 6H), 1.00
(s, 6H); 3C NMR (CDCls): & = 183.8, 181.0, 164.4, 160.5, 159.0, 141.5, 135.5, 134.6, 133.5,
124.5,121.0,119.9, 118.9, 109.6, 108.8, 68.3, 68.2, 42.9, 37.8, 37.6, 25.0, 25.0, 22.6. HRMS (ESI-

ESI-TOF): m/z [M+Na] * calcd for C26H30CINOs: 494.1710, found: 494.1694.
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27b (BW-AQ-180), N-(4,5-bis(isopentyloxy)-9,10-dioxo-9,10-dihydroanthracen-2-yl)-2-

bromoacetamide:

Isolated yield over two steps: 25%. *H NMR (CDCls): § 8.74 (s, 1H), 8.15 (s, 1H), 7.80 (d,
J=7.6 Hz, 1H), 7.59 (t, J = 8 Hz, 1H), 7.55 (s, 1H), 7.30 (d, J = 8.4 Hz, 1H), 4.20-4.14 (m, 4H),
4.08 (s, 2H), 2.06-1.96 (m, 2H), 1.83-1.75 (m, 4H), 1.00-0.98 (m, 12H); 3C NMR (CDCls): 5
183.92, 181.29, 164.90, 160.47, 159.04, 142.49, 135.22, 134.58, 133.52, 124.32, 120.46, 119.83,
118.83, 109.67, 108.92, 68.28, 37.74, 37.60, 29.56, 24.98. HRMS (ESI-TOF) m/z [M+Na]" calcd.
for C26H30BrNOs 538.1205, found 538.1196.

27¢ (BW-AQ-209), N-(4,5-bis(isopentyloxy)-9,10-dioxo-9,10-dihydroanthracen-2-yl)-3-

chloropropanamide:

Isolated yield over two steps: 55%. *H NMR (DMSO-dg): & 10.59 (s, 1H), 8.14 (s, 1H),
7.85 (s, 1H), 7.70-7.67 (m, 2H), 7.53-7.51 (m, 1H), 4.14-4.07 (m, 4H), 3.90 (t, J = 6.0 Hz , 2H),
2.89 (t, J = 6 Hz, 2H), 1.97 (m, 2H), 1.70-1.66 (m, 4H), 0.97-0.94 (m, 12H); 3C NMR (DMSO-
de): 6 183.8, 180.3, 169.5, 159.8, 158.7, 144.2, 135.4, 134.6, 134.3, 124.2, 120.8, 119.7, 118.6,
109.3, 108.5, 67.9, 67.8, 55.4, 37.9, 37.8, 24.8, 22.9, 22.9. HRMS (ESI-TOF) m/z [M+H]* calcd.
for C27H32.CINOs 486.2042, found 486.2023.

27d (BW-AQ-211), N-(4,5-bis(isopentyloxy)-9,10-dioxo-9,10-dihydroanthracen-2-yl)-4-

chlorobutanamide:

Isolated yield over two steps: 43%. *H NMR (DMSO-dg): & 10.50 (s, 1H), 7.87 (s, 1H),
7.85 (s, 1H), 7.69-7.67 (m, 2H), 7.53 (s, 1H), 4.14-4.06 (m, 4H), 3.72 (t, J = 6.4 Hz, 2H), 2.55 (t,
J =7.2 Hz, 2H), 2.07-1.97 (m, 4H), 1.69-1.65 (m, 4H), 0.96-0.94 (m, 12H); **C NMR (DMSO-

de): 0 183.8, 180.3, 171.7, 159.8, 158.7, 144.5, 135.3, 134.6, 134.2, 124.3, 120.7, 119.5, 118.6,
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109.3, 108.5, 67.9, 67.7,55.4, 45.4, 37.9, 37.8, 34.0,28.1, 24.8, 22.9, 22.9. HRMS (ESI-TOF) m/z
[M+H]" calcd. for C2sH34CINOs 500.2198, found 500.2176.

27e (BW-AQ-210), 2-(Benzyloxy)-N-(4,5-bis(isopentyloxy)-9,10-diox0-9,10-

dihydroanthracen-2-ylacetamide:

Isolated yield over two steps: 58%. *H NMR (CDCls): § 8.48 (s, 1H), 7.82 (s, 1H), 7.80 (s,
1H), 7.59 (t, J = 8.4 Hz, 1H), 7.47-7.46 (m, 1H), 7.44-7.39 (m, 4H), 7.31-7.28 (m, 1H); *C NMR
(CDCl3): 6 184.0, 180.9, 168.2, 160.6, 159.1, 141.8, 136.2, 135.4, 134.7, 133.3, 128.9, 128.6,
128.2, 124.6, 120.6, 119.9, 118.9, 109.6, 108.5, 69.4, 68.3, 37.8, 37.7, 25.0, 22.6. HRMS (ESI-
TOF) m/z [M+Na]" calcd. for C33sH37NOg 566.2519, found 566.2498.

27f (BW-AQ-216), N-(4,5-bis(isopentyloxy)-9,10-dioxo-9,10-dihydroanthracen-2-yl)-3-

bromopropanamide:

Isolated yield over two steps: 53%. *H NMR (DMSO-dg): & 10.56 (s, 1H), 7.86 (s, 1H),
7.82 (s, 1H), 7.68-7.64 (m, 2H), 7.51-7.49 (m, 1H), 4.12-4.05 (m, 4H), 3.73 (t, J = 6.4 Hz , 2H),
3.00 (t, J = 6.4 Hz , 2H), 1.98-1.92 (m, 2H), 1.69-1.64 (m, 4H), 0.95 -0.92 (m, 12H); 3C NMR
(DMSO-ds): 6 183.8, 180.3, 169.7, 159.8, 158.7,144.2, 134.3, 124.3, 120.8, 119.7, 118.6, 109.3,
108.5, 67.9, 67.8, 37.9, 37.8, 29.2, 24.8, 22.9, 22.9. HRMS (ESI-TOF) m/z [M+H]" calcd. for
C27H32BrNOs 530.1537, found 530.1515.

27 (BW-AQ-217), 2-Azido-N-(4,5-bis(isopentyloxy)-9,10-diox0-9,10-dihydroanthracen-

2-yDacetamide:

Isolated yield: 97%. *H NMR (CDCls): § 8.64 (s, 1H), 8.14 (s, 1H), 7.81 (d, J = 7.8 Hz,
1H), 7.60 (t, J = 8.0 Hz, 1H), 7.56 (s, 1H), 7.31 (d, J = 7.6 Hz, 1H), 4.25 (s, 2H), 4.21-4.15 (m, J
= 4.6 Hz, 4H), 2.04-1.98 (m, J = 8 Hz, 2H), 1.85-1.79 (m, 4H), 1.02 (s, 6H), 1.00 (s, 6H); *C

NMR (CDCls): 6 183.8, 181.0, 164.4, 160.5, 159.0, 141.5, 135.5, 134.6, 133.5, 124.5,121.0, 119.9,
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118.9, 109.6, 108.8, 68.3, 68.2, 42.9, 37.8, 37.6, 25.0, 25.0, 22.6. HRMS (ESI-TOF) m/z [M+H]*

calcd. for C26H30N4Os 494.1710, found 494.1694.

1.3.9 Synthesis of additional anthracene-9,10-dione analogs

This section of the chapter describes three compounds that cannot be placed in a specific
structural class at this point, but exhibit potent activity. Compounds 29 and 31 were synthesized
following the general synthetic rout described in Scheme 1.3.1 with slight variations in
intermediate 2. Rhein (1) was reacted with iodomethane (1 eq.) in the presence of sodium
bicarbonate (2 eq.), in DMF. The reaction was stirred at room temperature overnight and yielded
intermediate 2; where R at the 1 and 8 positions are “H” and at position 3 is “CH3.” The described
intermediate (2) was then reacted with 1-chloro-2-methoxyethane or 1-chloro-3-methoxypropane
under basic conditions (K2COgz, Nal, Acetone, 90°C, overnight) to give intermediate 2 (quantitative
yield) where R at the 1 and 8 positions are “CH.CH20OCH3” or “CH2CH>CH>OCHz3” respectively
and at position 3 is “CHz.”” Anilines 28 and 30 were synthesized as described in Scheme 1.3.1 from
the two respective intermediates (2). Compounds 29 and 31 were obtained upon reaction of 28 and

30 with chloroacetyl chloride in 1,4 —dioxane at room temperature (Scheme 1.3.16).



71

I |
Lol ie 1 1
NH Dloxane rt, )J\/C|

O 28 Overnight 0 29

\OKL \OKL KL KL
0O O ©O
“O CI - O‘O
NH, Dloxane r.t., JI\/Cl

0 30 Overnight
(6]
999 - ‘O
NH, Dloxane r.t., )J\/CI
o 32 Overnight

Scheme 1.16 Synthesis of compound 29, 31, 33

Compound 33 was synthesized by reacting the commercially available aniline 32 with
chloroacetyl chloride at room temperature in 1,4-dioxgane (Scheme 1.3.16). All of the compounds
were purified via silica gel column chromatography. The biological activity of the compounds

shown in Figure 1.3.9 is described in Section 1.4. of this chapter.
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Figure 1.3.9 Synthesized of various anthracene-9,10-dione analogs
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1.3.9.1 Experimental section

General experimental procedure for the synthesis of compounds 29, 31, and 33:

Compound 29, 31, or 33 (1.0 eq.) was dissolved and stirred in 1, 4-dioxane at room
temperature followed by addition of the corresponding acyl halide (20, 1.5 eq.). After reaction
completion, the reaction mixture was diluted with distilled water/ice. Yellow to orange solids
precipitated out and were isolated either by centrifugation at 5000 rpm for 10 min followed by
decantation and complete removal of water by putting the crude product in high vacuum pump
system, or by vacuum filtration. The crude product was purified by silica gel column
chromatography using a dichloromethane (DCM)/ethyl acetate (EtAc) gradient mixture to afford
the pure product 29, 31, and 33.

29 (BW-AQ-202), N-(4,5-bis(2-methoxyethoxy)-9,10-diox0-9,10-dihydroanthracen-2-yl)-

2-chloroacetamide:

Isolated yield over two steps: 34%. *H NMR (CDCls): § 8.68 (s, 1H), 8.09 (s, 1H), 7.82 (d,
J =17.6 Hz, 1H), 7.61-7.57 (m, 2H), 7.33 (d, J = 8.4 Hz, 1H), 4.28 (s, 4H), 4.23 (s, 2H), 4.11 (5,
2H), 3.88 (s, 4H), 3.53-3.52 (m, 6H); 3C NMR (CDCls): § 183.39, 181.15, 164.61, 160.23, 158.84,
141.83, 135.40, 134.55, 133.71, 120.85, 120.77, 119.71, 110.12, 109.47, 70.93, 70.71, 69.68,
69.54, 59.48, 42.97, 29.70. HRMS (ESI-TOF) m/z [M+Na]" calcd. for C22H22CINO7 470.0982,
found 470.0960.

31 (BW-AQ-205), N-(4,5-bis(3-methoxypropoxy)-9,10-diox0-9,10-dihydroanthracen-2-

yl)-2-chloroacetamide:

Isolated yield over two steps: 41%. *H NMR (CDCls): § 8.60 (s, 1H), 8.08 (s, 1H), 7.80 (d,
J = 7.6 Hz, 1H), 7.60-7.57 (m, 2H), 7.32 (d, J = 8.4 Hz, 1H), 4.25-4.21 (m, 6H), 3.72-3.69 (m,

4H), 3.37 (5, 6H), 2.17-2.16 (M, 4H); 3C NMR (CDCls): 5 183.66, 180.97, 164.43, 160.38, 158.97,
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141.63, 135.45, 134.60, 133.58, 124.30, 120.82, 119.88, 119.07, 109.69, 108.99, 69.06, 66.60,
66.53, 58.72, 58.68, 42.92, 29.48, 29.29. HRMS (ESI-TOF) m/z [M+Na]" calcd. for C24H26CINOy
498.1295, found 498.1312.

33 (BW-AQ-131), 2-chloro-N-(9,10-diox0-9,10-dihydroanthracen-2-yl)acetamide:

Isolated yield: 70%. 'H NMR (DMSO-ds): 8 10.91 (s, 1H), 8.38 (s, 1H), 8.14 (s, 3H), 8.02
(d, J=7.6 Hz, 1H), 7.88 (d, J = 2.8 Hz, 2H), 4.35 (s, 2H); 3C NMR (DMSO-ds): & 182.72, 181.74,
166.01, 144.35, 135.02, 134.70, 134.57, 133.51, 128.99, 128.80, 127.17, 127.10, 124.41, 116.50,

44.06. HRMS (ESI-TOF) m/z [M+1]* calcd. for C1sH1CINO3 300.0409, found 300.0422.

1.3.10 Computational evaluation of the designed compounds

In the pursuit of developing new active MDM2-MDMJ4 inhibitors, we turned to molecular
modeling to examine the binding potential of the newly designed compounds. In a previous section
of this chapter, the hypothesis that BW-AQ-101 binds to the MDM2 RING homodimer to inhibit
MDM2-MDM4 formation was discussed. Biological and in silico studies of BW-AQ-101 with the
proposed target supported this hypothesis. We herein discuss molecular docking studies aimed at
evaluating the potential of the above-described BW-AQ-101 analogs as MDM2 RING binders.

Docking studies are based on two major protein structures; the MDM2-MDM4 heterodimer
RING domain and the MDM2 homodimer RING domain. The RING structure of the heterodimer
is available through the protein data bank (PDB) with a structure 1D 2VJE (Figure 1.3.10, right).>
The heterodimer’s (2VJE) crystal structure was derived through X-ray crystallography with a
resolution of 2.2 A.2 The structure of the RING MDM2 homodimer is also available through the
PDB under the ID 2HDP; this structure however, was derived from solution NMR (Figure 1.3.10,

left).4
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Figure 1.3.10 Structures of the MDM2 RING homodimer and the MDM2-MDM4 RING
heterodimer
Left: The RING domain structure of MDM2 homodimer
Right: The RING domain structure of MDM2-MDMX heterodimer
*Highlighted in magenta are the key residues that form a binding pocket in the homodimer and
the same residues in the heterodimer that fail to form a binding pocket.

The study begins with careful analysis and preparation of the obtained structures. The
docking studies were done with constricted dielectric constant value of 80 (water), attempting to
simulate the physiological environment, which is aqueous. The homodimer was carefully
examined and its symmetric structure revealed two identical and symmetric binding pockets
formed by the two RING domains (Figure 1.3.11, left). It has been reported that the RING domains
are very unstable in solution and they easily form dimeric or other types of aggregate structures;
therefore it is safe to assume that the binding pockets that the homodimer forms exist under
physiological conditions. The critical amino acids that form a binding pocket in the MDM2 RING
homodimercis structures are: A/Val439, Allle 440, A/Leu468, A/Lys 473, A/Pro474, A/His452,
A/GIn480, A/Cys 478, AlVal 477, AlIPro 476, A/His457, A/Cys 475, B/Pro491, B/Leu432;
residues forming the deep inner surface of the pocket: A/His 457, A/Leu 458, A/Ala 460, A/lle
450, Aliled482, A/Lys 469, A/Ala465. The surface that these residues form can be seen in Figure
1.3.10 (left, colored in magenta). The depth of the pocket formed by these residues can be seen in

Figure 1.3.11 (left, colored in blue and yellow). The identified critical residues do not form a

binding pocket when translated in the MDM2-MDM4 heterodimeric structure (Figure 1.3.11,
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right). The heterodimeric model reveals that the residues of the MDM2 RING responsible for the
pocket formation in the homodimeric structure have undergone structural perturbations and simply
form the outer surface of the MDM2-MDM4 heterodimer (Figure 1.3.11, right). Interestingly,
these residues do not have direct participation in the MDM2-MDM4 RING surface interactions
(Figure 1.3.11, bottom). Thus it is safe to assume that binding pocket collapse is due to major
conformational changes upon heterodimer formation. These observations support the hypothesis
established earlier that the anthraquinone compound described above bind to the homodimeric

binding pocket and stabilize the structure, thus locking it in place.

Figure 1.3.11: The Residues forming the binding cavity of the MDM2 RING homodimer
Left: The RING domain structure of MDM?2’s homodimer showing the relative cavity
depth of the binding pocket.
Right: The RING domain structure of MDM2-MDM4’s heterodimer showing the lack of
cavity by coloring the MDM2 RING residues that form cavity in the homodimeric form.
*Coloring scheme showing the depth of the cavity: blue (no cavity), yellow (cavity)
Bottom: Space filling model of MDM2 (orange)-MDM4 (cyan) heterodimer and the
MDM2 amino acid residues (blue) participating in pocket formation in the homodimeric form.
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Comparative analysis of the MDM2 RING monomer extracted from the 2HDP and 2VJE
structures gave further insights into the significant structural differences of its heterodimeric vs
homodimeric form. Although the MDM2 RING sequences from the homodimer and the
heterodimer are identical, structural alignment revealed a major difference (Figure 1.3.12). As seen
in Figure 1.3.12, the RING domain of MDM2 from the homodimeric form clearly forms a cavity
(surface highlighted in purple) and the same domain from the heterodimer does not (surface
highlighted in red). These observations further indicate that the cavity of the MDM2 RING
homodimer can serve as a binding target for the development of therapeutics. The function of the
binding pocket is not yet known; however, it can be deduced that the conformational changes that
the MDM2 RING undergo in this region are important for the binding to the MDM4 RING.
Therefore, if acompound binds tightly to the pocket it will not allow for the RING motif to undergo

conformational changes therefore inhibiting the MDM2-MDM4 interactions.

Figure 1.3.12 Superimposed MDM2 RING domain extracted from the heterodimer and
the homodimer

*Surface areas derived by the residues participating in the binding pocket formation: in

the homodimer highlighted in purple and in the heterodimer highlighted in red.

The majority of the synthesized compounds were successfully docked into the MDM?2

RING binding pocket. Example of some of the tighter binders can be seen in Figure 1.3.13. One
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can clearly see that the pocket accommodates the anthraquinone skeleton very well. In addition,
hydrogen bond interactions in the region just outside of the binding pocket can further stabilize

and anchor the compounds in the pocket.

Figure 1.3.13 View of successfully bound anthraquinone analogues
*Protein surface area is colored based on hydrogen bonding: H-bond acceptors (blue),
H-bond donors (red).

Docking Results

Figure 1.3.14: Relative docking score of selected compounds

The internal surface of the pocket is mostly lipophilic as it can be seen from the images in
Figure 1.3.15. The pocket is large enough to accommodate aliphatic functional groups such as

ethyl and propyl substituents. The relative binding score slightly drops with the introduction of



78

propyl moieties at the 1,8 positions of the anthraquinone core (Figure 1.3.14). However, the pocket
accommodates bulky substituents like a benzyl group. In fact the relative docking results indicate
that the presence of aromatic substituents improves binding (Figure 1.3.14). The slight drop of
docking score for BW-AQ-127, with a single benzyl group, indicates the stabilizing interactions
that these groups carry. As these large substituents are being anchored in the pocket through Van
der Waals interactions the hydrogen bond donors and acceptors at the cavity opening can further
increase the binding interactions (Figure 1.3.15). All of the above discussed aspects have been
taken in consideration in the process of designing new anthraquinone analogues targeting MDM2-
MDM4 interactions. Of course another priority is the improvement of water solubility and the
introduction of aromatic substituents will not allow us to achieve that. Molecular modeling can
be a very beneficial tool in the drug discovery and development process. However, at this stage of

the project we can only use it as a guiding tool to build a library of successful inhibitors.

Figure 1.3.15 Various athraquinone analogs docked in the binding pocket
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Top left: View of successfully bound anthraquinone analogues containing bulky
substituents at 1,8- positions (H-bonding surface map).
Top right: View of successfully bound anthraquinone analogues containing bulky
substituents at 1,8- positions (lipophillicity surface map).
Bottom: View of successfully bound anthraquinone analogues containing propyl
substituents at 1,8- positions (lipophillicity surface map).
* Lipophillicity surface coloring: strong lipophilic character (brown), weak lipophilic
character (blue)
In summary, we have identified a clear binding cavity in the MDM2 RING homodimer.
This cavity can serve as a potential binding pocket for the developed anthraquinone analogs
described in the previous sections. A careful examination of the available MDM2 RING
homodimer and MDM2-MDM4 RING heterodimeric structures and docking studies support the
hypothesis that BW-AQ-101 and its analogs can bind to the MDM2 RING homodimer (Figure
1.3.16). This binding can potentially stabilize the homodimer and prevent the formation of MDM2-

MDM4 heterodimer formation.

Figure 1.3.16 The binding hypothesis
Left: MDM2 RING homodimer and its cavity
Middle: MDM2 RING and anthraquinone analogues bound to it
Left: Space filling model of the MDM2 RING heterodimer (cyan and orange) and BW-
AQ-101 (red) bound to it.
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1.3.10.1 Experimental Section

The NMR structure of the MDM2 RING homodimer is available through the Protein Data
Bank (PDB) under the ID 2HDP.* The X-ray RING structure of the MDM2-MDM4 heterodimer
is also available through the PDB (ID 2VJE), with a resolution of 2.2 A.2 We performed molecular
docking to see whether there was a potential binding pocket for AQ-101 in the MDM2 RING
protein. The target protein and AQ-101 were prepared by removing of all zinc ions, water residues,
and other ligands. All hydrogen atoms were added and the protein termini were fixed.
Minimization was performed by using Sybyl X 2.0 and applying standard parameters: Powell
method, Tripos force field, and Pullman charges. Simulated water environment were used by
assigning the dielectric constant to 80. Docking was performed by Surflex-Dock module in Sybyl
X 2.0. Virtual preparation of the heterodimeric structure was performed following the above-

described protocol.
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1.4 Biological evaluation of novel potent anthraguinone compounds as anticancer agents

All compounds disclosed in the previous section (1.3) of this chapter were tested
for anticancer activity against seven cell lines. Three of the cell lines were leukemia cell lines
(Molt4, EU1, and K562). The additional four cell lines are solid tumor cells: Hela (cervical cancer),
KB (cervical cancer derived from Hela), Cos7 (derived from monkey kidney tissue), and T98G
(glioblstoma). All experiments were done in triplicates and using a well-established protocol for
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The exact
protocol can be found in the experimental section (1.4.11). The initial testing of each compound
begins with high concentration (50 uM, 25 uM, 12.5 uM, 6.25 pM) screening against one/two
leukemia cell lines and one/two solid state cells to establish relative activity of the compound. The
ICso (the concentration at which 50% of the cells are dead) values were then established with a
secondary screening of the active compounds at the appropriate concentration ranges. All potent
compounds (ICso < 1 uM) were then tested against additional cell lines to determine the cellular
selectivity of the specific compounds. Data analysis of the various groups of compounds tested

can be found in the subsections below.

1.4.1 Evaluation of the 1,8-dimethoxyanthracene-9,10-dione compounds

Compound 8a was tested against all seven cell lines available while compounds
8b-8d and 11 were tested only against selected cell lines due to their general lack of activity. After
initial screening, compound 8a showed potency against solid and leukemia cells (Table 1.4.1). The
compound appears to be selectively more potent against leukemia cells where its 1Csg values range
from 0.79 uM to 0.14 uM. The compound shows relatively good activity against Cos7 cells, but
the activity significantly decreased when tested against Hela and KB cells. Interestingly,

compound 8a shows activity against the drug resistant T98G cell line as well. When compared to
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the marketed doxorubicin 8a exhibits comparable activity against Cos7 and Hela cells, and
superiority against K562 and T98G cells.
ICso values of synthesized 1,8-dimethoxyanthracene-9,10-dione analogs.* All values

reported are in M concentration and determined via MTT assay.

Table 1.1 ICso values of synthesized 1,8-dimethoxyanthracene-9,10-dione analogs
* All values reported are in UM concentration and determined via MTT assay.

Compound | BW-AQ ID Hela KB Cos7 T98G Molt4 K562 EU1
8a 112 3.3 4.3 1.2 2-12 0.14 0.79 0.74
8b 132 >50 >50 >50 >12.5 >1.6 >6.3 ND
8c 134 >50 >50 >50 >50 >1.6 >6.3 ND
8d 232 24 ND ND ND >25 ND ND
11 130 >50 42 29 >12 >1.6 >6.3 ND

Doxorubicin 2.5 1.6 2.1 >50 0.015 2.0 0.032

Unfortunately none of the other compounds form the 1,8-dimethoxyanthracene-9,10-dione
class showed potency against any of the cell lines. Comparison between the activity of compound
8a and BW-AQ-101 (Figurel.2.1) reveals that the alkylation at positions 1 and 8 of the
anthraquinone core is very important in terms of retaining or even improving activity. However,
the conclusion drawn from the data obtained for the 1,8-dimethoxyanthracene-9,10-dione
compounds is that the a-chloro acetamide substituent at position 3 is crucial for the activity of this

class of compounds.

1.4.2 Evaluation of the 1,8-diethoxyanthracene-9,10-dione compounds

Three (14a-14c) of the eight compounds that belong to the 1,8-diethoxyanthracene-
9,10-dione class showed potency against leukemia cell lines and some solid state cells (Table
1.4.2). Compound 14a showed activity in the mid nano molar range (120 nM - 480 nM) against

Molt4 and EU1. Compounds 14b and 14c also showed low ICsg values of 280 nM and 180 nM
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against Mol4 cells. In addition, these three compounds showed promise against the solid state Cos7
cell line with ICs values in the low single digit micro molar concentrations (Table 1.4.2).
Unfortunately none of the other five (14d-14h) compounds that were synthesized showed high
potency in any of the cell lines.

Table 1.2 ICso values of synthesized 1,8-diethoxyanthracene-9,10-dione analogs
* All values reported are in UM concentration and determined via MTT assay

Compound | BW-AQ ID Hela KB Cos7 | T98G | Molt4 | K562 EU1
14a 113 2.1 55 1.1 5.2 0.12 0.74 0.48
14b 114 3.9 10 2.1 >13 0.28 0.84 ND
l4c 115 3.9 6.6 1.6 10 0.18 0.83 0.89
14d 179 >50 >50 >50 ~50 20 11 18
14e 182 47 >50 >50 >50 17 >25 17
14f 198 58 ND >6.3 ND >25 ND >6.3
149 199 70 ND >6.3 ND 18 ND >6.3
14h 159 >6.3 >6.3 23 36 >13 12 16

It appears that the addition of a two carbon aliphatic chains to the 1 and 8 positions of the
anthraquinone core retains and even slightly improves activity against leukemia cells when
position 3 is a a-halo acetamide. It is very interesting that the three active compounds also exhibit
activity against drug resistant T98G. It is important to note that compounds 14g and 14h contain
a halogen at the a-carbon of the amide substituent. However, the halogen present in compounds
14g and 14h is secondary carbon rather than primary as in the case of 14a-14c, which appears to
decrease their potency. These result lead to the conclusion of possible alkylation as mechanism of

action of the active compounds.

1.4.3 Evaluation of 1,8-dipropoxyanthracene-9,10-dione compounds
Because three of the 1,8-diethoxyanthracene-9,10-dione analogs showed potency against
leukemia cell lines, it was decided to develop a group of compounds with longer aliphatic chains

at the 1 and 8 positions of the antraquinone core. Ten 1,8-dipropoxyanthracene-9,10-dione analogs
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were synthesized an tested (Table 1.4.3). To our disappointment only three of these compounds
(16a-16c) showed potency against Molt4 (Table 1.4.3). Compound 16j has promising activity
against Molt4 (0.49 uM) and EU1 (1.09 uM) as well. However, none of the other six compounds
exhibited potency in the primary screening, thus they were not tested against all cell lines.
Compounds 16a-16c show ICsp values below or about 2 uM against Cos7, making this the only
solid tumor cell line susceptible to these compounds.

Table 1.3 ICso values of synthesized 1,8-dipropoxyanthracene-9,10-dione analogs
* All values reported are in UM concentration and determined via MTT assay

Compound | BW-AQ ID Hela KB Cos7 | T98G | Molt4 | K562 EUl
16a 116 2.5 6.6 1.2 8.0 0.12 11 3.5
16b 117 2.5 8.5 2.1 13 0.16 1.6 ND
16¢ 118 3.4 12 1.8 15 0.14 1.3 0.36
16d 160 15 16 8.1 25 4.0 6.9 4.8
16e 201 >13 ND >13 ND 6.0 ND >13
16f 200 >13 ND >13 ND 13 ND >13
169 215 21 ND ND ND >25 ND >13
16h 213 25 ND ND ND 18 ND >13
16i 214 >25 ND ND ND >25 ND >13
16j 156 15 3.0 3.0 18 0.49 2.8 1.09

One clear conclusion can be made from the obtained data; the presence of a-halo acetamide
at position 3 of the core anthraquinone is absolutely crucial for the activity of the compounds. The
potency of compound 16j against Molt4 and EU1 suggests that the a-aza acetamide can be another

alternative for a substituent at position 3 that may lead to an active anticancer agent.

1.4.4 Evaluation of 1,8-bis(benzyloxy)anthracene-9,10-dione compounds

The compounds that belong to the 1,8-bis(benzyloxy)anthracene-9,10-dione class
are significantly different from the three classes of compounds described in sections 1.4.1-1.4.3
above. Compounds 18a-18e have aromatic (benzyl) substituents at the 1 and 8 positions of the

anthraquinone core. The presence of these aromatic functionalities resulted in compound 18b,
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which exhibited low nanomolar ICsp values against Molt4 (28 nM) and EU1 (84 nM). Interestingly,
compound 18b has a-iodo acetamide as a substituent at position 3. In addition, compound 18a
shows potency against Molt4 (0.24 uM), but not against EU1 or K562 (Table 1.4.4).

Table 1.4 ICso values of synthesized 1,8-bis(benzyloxy)anthracene-9,10-dione analogs
* All values reported are in UM concentration and determined via MTT assay

Compound | BW-AQID | Hela KB Cos7 | T98G | Molt4 | K562 | EU1
18a 126 6.1 9 2.5 >13 0.24 3.3 1.1
18b 129 5.6 5.4 1.7 14 0.028 2.0 0.084
18¢c 128 8.6 5.7 5.5 9.8 0.98 >6.3 >1.6
18d 127 >50 >50 >50 >13 1.6 >6.3 ND
18e 162 1.6 0.594 11 25 >25 >20 18

The compounds with a Michael acceptor (18c) and a-aza acetamide (18e) at position 3 do
not show significant activity except in Molt4 and KB. This class of compounds serves as evidence
that the combination of a-halo acetamide at position 3 and the presence of lipophilic/ conjugated
system at positions 1 and 8 leads to active anticancer compounds. The presence of aromatic
systems at position 1 and 8, however, leads to more lipophilic character of the analogs, which are

expected have decreased water solubility.

1.4.5 Evaluation of 1,8-bis(2-azidoethoxy)anthracene-9,10-dione compounds

In an attempt to explore the biological effects of various unsaturated substituents at the 1
and 8 positions of the anthraquinone core, the 1,8-bis(2-azidoethoxy)anthracene-9,10-dione class
of compounds was developed. This class of compounds introduces an azidoethyl group, which can
be helpful in a number of ways. For example, the azidoethyl groups are linear, yet they carry an
electron rich unsaturated system that can potentially participate in pi-pi interactions with the
binding pocket of the targeted protein. In addition, the azido group can be involved in ionic
interactions, thus improving solubility and/or protein binding. The two compounds (21a and 21b)

that were tested showed consistent potency against Molt4 and EUL at sub-micro molar values
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(Table 1.4.5). Compound 21a even showed low nano molar activity against Mot4 (77 nM). What
IS interesting about this pair of compounds is that they have selectivity towards leukemia cell, yet

retain 1Cso values in the 2-3 pM range against solid tumor cells.

Table 1.5 ICso values of synthesized 1,8-bis(2-azidoethoxy)anthracene-9,10-dione
analogs
* All values reported are in UM concentration and determined via MTT assay

Compound | BW-AQID | Hela | KB | Cos7 | T98G | Molt4 | K562 | EUL
21a 124 24 | 36| 08 | 48 | 0077 | 11 | 0.28
21b 140 31 | 34 | 22 14 0.21 32 | 069

In addition, 21a has a-halo acetamide at position 3 and 21b has a-aza acetamide
functionality. Although very different in chemical characters it appears that these groups do not
significantly alter the biological activity of the 1,8-bis(2-azidoethoxy)anthracene-9,10-dione
compounds. Compound 21b is the first compound, thus far, that shows nano molar activity against
leukemia and low micro molar activity against solid tumor cells and yet lacks an a-halo moiety in
its structure. Thus the azidoethoxy groups at the 1 and 8 positions are important for the cytotoxic

effects of this pair.

1.4.6 Evaluation of 1,8-bis(allyloxy)anthracene-9,10-dione compounds

The attachment of allyl groups at the 1 and 8 positions were done in order to further explore
the effects of a unsaturated functional groupson the anthraquinone analogs. None of the three
developed compounds showed significant activity against either solid or leukemia cancer cells that
were tested (Table 1.4.6). In fact all compounds showed poor solubility; thus it is clear that this

class of compounds will not lead to a pharmaceutically relevant agent.
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* All values reported are in UM concentration and determined via MTT assay

87

Compound | BW-AQ ID Hela KB Cos7 T98G Molt4 K562 EU1
23a 161 >20 >20 >20 >50 >10 >10 >10
23b 163 >50 14.7 >50 >50 >25 >25 >25
23c 164 >50 >50 >50 >50 >25 >25 >25

1.4.7 Evaluation of 1,8-diisobutoxyanthracene-9,10-dione compounds

Based on the positive data obtained from the classes of compounds containing
ethyloxy and propyloxy substituents at the 1 and 8 positions of the anthraquinone core, the
biological activity of compounds containing branched aliphatic chains was evaluated. Compounds
25a and 25b show potency against Molt4 and EU1; however they do not show significant activity
against all other cell lines (Table 1.4.7). The observed activity of compounds 25a and 25b can be
related to the fact that both of these compounds have an a-halo acetamide as substituent at position
3.

Table 1.7 ICso values of synthesized 1,8-diisobutoxyanthracene-9,10-dione analogs
* All values reported are in UM concentration and determined via MTT assay

Compound | BW-AQ ID Hela KB Cos7 | T98G Molt4 K562 EU1
25a 177 4.3 5.2 1.7 11 0.2-1.1 2.8 0.52
25h 183 4.0 6.3 3.6 17 0.93 3.8 1.3
25¢ 176 7.2 5.6 17 >50 >25 15 18
25d 178 >50 >50 >50 >50 >25 >25 >25
25e 212 >13 ND >13 ND >13 ND >13

None of the other three compounds (25c-25e) exhibit potency against either leukemia or
solid tumor cells. This again suggests that in the case of aliphatic substitutions at the 1 and 8
positions, the presence of an a-halo acetamide at position 3 is important for the activity of these

compounds.
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1.4.8 Evaluation of 1,8-bis(isopentyloxy)anthracene-9,10-dione compounds

Another seven compounds containing branched chain aliphatic substituents at the 1 and 8
positions were tested against various cell lines. Only two (27a and 27b) of the compounds that
belong to the 1,8-bis(isopentyloxy)anthracene-9,10-dione analogs showed some activity against
Molt4 and EUL cells (Table 1.4.8). None of the other compounds showed significant activity
against any of the seven cell lines tested. Compounds 27a and 27b were ineffective against solid
tumor cells.

Table 1.8 ICso values of synthesized 1,8-bis(isopentyloxy)anthracene-9,10-dione analogs
* All values reported are in UM concentration and determined via MTT assay

Compound | BW-AQID | Hela KB Cos7 T98G Molt4 K562 EU1
27a 181 >50 >50 1.9 >50 0.2-1.0 ND 0.70
27b 180 17 13 2.0 >50 0.63 7.3 0.68
27¢ 209 23 ND ND ND 11 ND >13
27d 211 >25 ND ND ND 19 ND >13
27e 210 >25 ND ND ND >25 ND >13
27§ 216 10 ND ND ND 3.0 ND 8.8
279 217 >12.3 ND >13 ND ND ND >13

The obtained data suggests that extension and branching of the side chains at the 1 and 8
positions of the anthraquinone core do not improve activity. The presence of a-halo acetamide at
position 3 appears to be important for activity against some leukemia cell lines, but has no effect

against solid cancer cells.

1.4.9 Evaluation of additional anthracene-9,10-dione analogs

The final group of compounds described in this work was developed with the idea
of testing the effects of methoxyethyl (29) and methoxypropanyl (31) functional groups at
positions 1 and 8. In addition the lack of functional groups (compound 33) at the 1 and 8 positions

was also studied. All of the tested compounds showed effects against Mol4 and EU1 cells (Table
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1.4.9). The developed compounds showed activity in the low micro molar range against Cos7 cell

line.
Table 1.9 ICso values of synthesized anthracene-9,10-dione analogs
* All values reported are in UM concentration and determined via MTT assay
Compound | BW-AQ ID Hela KB Cos7 T98G Molt4 K562 EU1
29 202 >13 ND 15 ND <3.3 ND 2.1
31 205 >13 ND 1.9 ND <3.3 ND <0.78
33 131 2.6 5.6 1.4 ND 0.26 1.42 0.68

The three compounds (29, 31, 33) have one similar structural feature in addition to the
anthraquinone core: the a-halo acetamide substituent at position 3. Although further investigation
of the activity of potential analogs of compounds 29, 31, and 33 is needed to draw specific
conclusions, it is fairly clear that the a-halo acetamide is the key moiety responsible for the

selective activity against leukemia cells.

1.4.10 Summary/Discussions

All tested compounds were separated into nine classes based on structural features
of the core and the substituents present at the 1 and 8 positions of the core anthraquinone structure.
The compounds were tested against seven cell lines; three leukemia and four solid tumor cells.
The majority of the active analogs have the a-halo acetamide moiety at position 3 of the core. It
is safe to conclude that this structural feature is of great importance for the activity of these
anthraquinones. In addition these compounds appear to have preferential cytotoxic effect over
leukemia cells. Among all the compounds disclosed, nine compounds stand out in terms of activity
against more than two cell lines; 14a, 14b, 14c, 16c, 16j, 18b, 21a, 21b, and 33. Only two (16j
and 21b) out of these nine compounds do not contain the a-halo acetamide functionality at position

3. The importance of this lies beneath the reactivity of the a-halo acetamide group. A halide in an
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alpha position to a carbonyl group is an excellent alkylating agent and highly susceptible to
nucleophilic attacks. Thus, the presence of this functional group in a drug candidate is not desirable
as it can easily undergo substitution reaction under physiological conditions with some of the
naturally occurring nucleophiles (thiols, free amines, etc). The reactivity of these a-halo
acetamides is also affected by the halogen itself. A “Cl1” substituent will be much less likely to
undergo alkylation reaction at physiological conditions compared to “Br” or “I”. Therefore, the
presence of a reactive functional groups from this type (“Br” or “I”) may lead to non-specific
bindings and undesired side reactions in vivo. This can lead to serious side effects of the drug
candidates as well. Nevertheless, marketed compounds like Nasonex and Asmanex contain highly
reactive functionalities such as a-chloro ketones or/and Michael acceptors, yet they lack significant
side effects and have been approved for clinical use. All these issues need to be considered
seriously and the compounds should be carefully evaluated before further development. With this
in mind the two compounds (16j and 21b) are good candidates for further evaluation.

In conclusion, the attachment of aliphatic side chains at position 1 and 8 of the core
compound appeared as a successful strategy in the development of active anticancer agents. The
attachment of benzyl and azido ethyl groups at the 1 and 8 positions resulted in some of the most
potent compounds described in this work. All of the developed anthraquinone analogs that showed

activity have a common structural feature; the a-halo acetamide functionality at position 3.

1.4.11 Experimental section
HelLa and Cos7 cell lines were cultured in DMEM medium and T98G and KB cell lines in
MEM medium. All other cell lines (Molt4, K562, EU1) were cultured in RPMI-1640 medium. The

medium was supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin. For the
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cytotoxicity assays, cells were seeded into 96-well plate (3.0 x 10* for all solid state cell lines and
3 x 10° for all leukemia cell lines in 100 pL per well). The compounds were dissolved in DMSO
to make 10 mM stock solutions. The stock solution was diluted using DMSO to various
concentrations. 1pL of each concentration was diluted 100 fold with medium into the well plate
keeping the DMSO < 1% throughout the experiment. Addition of compounds was performed after
adherent cells reached 40-50% confluence. After incubation for 24 h. at 37 ° C in humidified
atmosphere with 5 % CO», 10 pL of MTT (5 mg/mL in PBS) was added. After addition of MTT
the cells were incubated for another 4 h. The culture medium was then aspirated and 100 pL of
DMSO was added to each well. The 96-well plate was read by microarray reader for optical density
at 490 nm. All tests were performed in triplicates and 1Cso values were estimated from the averaged

response curves.

1.5 Solubility, formulation, and stability studies of selected anthraguinone analogs

After careful evaluation of the synthesized anthraquinone compounds (section 1.3
and 1.4), a group of potent analogs was selected and their physicochemical properties were further
evaluated. As previously mentioned, this class of anthraquinone analogs exhibits poor water
solubility. In order to identify the most water-soluble compounds and evaluate their potential to
become drug candidates, water solubility studies were performed (section 1.5.1). To address the
solubility issues with the active compounds, various non-toxic formulations were developed.
(section 1.5.2). Another potential issues with this class of compounds is the fact that the majority
of the active rhein analogs contain an a-halo acetamide, which i) is a reactive functional group that
may undergo substitution reactions and i1) may affect the compounds’ stability under physiological
conditions. Thus the stability of selected group of active rhein analogs was evaluated under various

conditions (section 1.5.3).
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1.5.1 Solubility evaluation of potent anthraquinone analogs

The identification of active and non-toxic agents is merely the beginning of the
drug discovery and development process. In order to become a drug candidate, every active
compound should possess favorable physicochemical properties; i.e. good water solubility, blood
brain barrier permeability, and of course favorable absorption, distribution, metabolism, and
excretion (ADME). One of the major hurdles in the drug development process is the ability to
develop water-soluble compounds. Poorly water-soluble compounds carry issues with drug
delivery, targeting, bioavailability etc. In the herein described study we aimed to identify potential
anthraquinone drug candidates through the evaluation of their physicochemical properties.

Two major solubility determination techniques stand out in the literature; the saturation
shake-flask method and turbidimetric method.>2 Before the introduction of these two methods, the
commonly perceived definition of solubility should be introduced. When discussing solubility two
important terms need to be considered: kinetic solubility and thermodynamic/ equilibrium
solubility. The term kinetic solubility deals with the concentration of a compound at which
precipitation appears in solution after predetermined amount of time. Thermodynamic/
equilibrium solubility refers to the concentration of a compound under saturation conditions in the
presence of excess solid, where the solid and solution are at equilibrium. These two terms are very
important as the turbidimetric method measures kinetic solubility and the shake flask method
measures thermodynamic solubility. While the turbidimetric method can be done on a high
throughput scale and requires minimum amount of compound, it cannot give exact solubility
values, but an approximation. Nevertheless this method is widely used in pharmaceutical settings

and is very suitable for early stage drug development studies. The shake-flask method can give a
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precise solubility reading, however, it is time-consuming and requires large amounts of compound
samples.

The basic idea behind the turbidimetric solubility assay is to dissolve a given compound in
organic solvent such as DMSO. The stock solution is then aliquoted into a buffer and the turbidity
at different concentrations is read typically by a UV instrument at 620 nm. The solubility can be
estimated by a plot of turbidity vs concentration. Although a very rapid method, it lacks precision
of the estimation and can give large solubility variations. The shake-flask method on the other
hand can give relatively quantitative value of the thermodynamic solubility of a given compound
as the data is obtained normally by HPLC. The general principle behind this method is that excess
amount of a compound is saturated in a buffer and shaken in a closed vessel for 24 hours. Then
the suspension is filtered off and the solution is analyzed via HPLC. Additional downside of this
methodology is that basic or acidic compounds, which in excess can alter the pH of the buffer,
cannot be tested. Of course there are more compound specific solubility determination methods
such as potentiometric titrations, pH-solubility profiling, and salt solubility studies.?* In addition
there are computational methods that can predict the solubility of given class of compounds,
however, these methods will not be discussed in detail in this work.>

In an attempt to determine the solubility of the developed anthraquinone compounds,
dynamic light scattering (DLS) instrumentation was used. Since, precise solubility data cannot be
obtained from the UV turbidometric assay, we attempted to pair this method with a particle size
analyzer instead. Dynamic light scattering can give precise information of particles size and
homogeneity in solution. The improved precision in the solubility determination when using DLS
technique comes from the fact that DLS uses laser with a beam size of approximately 60 nm (He-

Ne laser). As the laser beam goes through the sample it “hits” the particles thus scattering the light.
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The scattered light is detected and analyzed. Because particles are not static in solution, DLS
detects the Brownian motion of the particles and translates it to size; larger particles have slower
Brownian motion than smaller particles. A correlation software compares the detected particle
sizes, as a function of time, and establishes a dispersity curve. The function gives information of
the dispersity of the various particles in solution. This allows us to track the specific concentration
at which the compounds start precipitating out of solution.

The ability of the instrument to read the particle dispersity in solution and the particle size
allows for improved estimation of the compounds’ solubility. The selected compounds were
dissolved in an array of concentrations from 0 uM to 150 uM in phosphate buffer (PBS), pH 7.4
at room temperature from 10 mM stock solutions in DMSO. The final concentration of DMSO in
the aliquoted solutions is 1%. The solutions are then allowed to sit at room temperature overnight
to obtain thermodynamic equilibrium and then tested for precipitations. The solubility of the
compounds is then determined to be the point of an exponential curve that monodisperse particles
were observed. The curve indicates the uniform particle formation at the tested concentration. The
obtained data can be seen in Table 1.5.1. The utilized protocol requires overnight equilibration of
the solutions and allows for the measurement of thermodynamic solubility without the use of large
quantities of the active compounds. Precipitations are visually observed for some compounds at

high concentrations and these samples are not analyzed, as the precipitation is obvious.
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Table 1.10 Physicochemical characteristics of selected rhein analogs

Solubility H-bond | H-bond
Compounds | MW [g/mol] [uM] Log P Log S donors | acceptors
BW-AQ-101 331.70 3 2.28 -3.65 3 6
BW-AQ-112 369.76 20 2.79 -4.42 1 6
BW-AQ-113 387.81 30 3.69 -4.74 1 6
BW-AQ-114 432.27 100 3.81 -5.08 1 6
BW-AQ-115 479.27 30 4.05 -4.81 1 6
BW-AQ-116 415.87 20 4.38 -5.26 1 6
BW-AQ-117 460.32 100 4.57 -5.49 1 6
BW-AQ-118 507.32 5 4.81 -5.3 1 6
BW-AQ-124 469.84 10 3.2 -3.98 1 12
BW-AQ-126 511.96 1 5.77 -6.7 1 6
BW-AQ-128 489.15 1 5.66 -6.34 1 6
BW-AQ-129 603.41 1 6.21 -6.51 1 6
BW-AQ-131 299.71 30 2.92 -4.5 1 4
BW-AQ-140 476.41 10 3.15 -3.49 1 15

Some of the most active compounds show extremely poor solubility; full solubilization
achieved in the ranges from 1 uM to 3 uM (Table 1.5.1). However, poor solubility can be overcome
by the development of proper formulation. In order to fully evaluate the potential of a compound
to become a drug candidate, other physicochemical properties need to be considered. In the process
of selecting potent compounds at early drug development stage, the evaluation of the basic
physicochemical parameter is of extreme importance. Thus, the selected anthraquinone analogs
were evaluated against the Lipinski’s “rule of five”. The partition coefficient (log P) and the
solubility coefficient (log S) were calculated using VCCLAB online software.® These coefficients
predict the absorption properties of the drug candidates. Additional factor that affects the
permeability properties of the drugs is the number of hydrogen bond donors and acceptors in the
molecule. Too many hydrogen bond donors/acceptors negatively affects membrane permeability
of the compound. Thus the Lipinski’s rule of five states that “poor absorption or permeation are

more likely when: i) there are more than five hydrogen bond donors, ii) log P is over 5, iii)
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molecular weight of the compound is over 500, iv) there are more than 10 hydrogen bond
acceptors.” In addition a favorable log S value below zero and greater than -4 entails good
permeability.

The derived parameters disclosed in Table 1.5.1 show that the majority of compounds fall
within the Lipinski’s rule of five, and solely based on this analysis can be considered as drug
candidates. However, as previously discussed the presence of reactive functionalities like a-iodo
acetamide or a-bromo acetamide is undesirable in a potential drug candidate. Therefore,
compounds BW-AQ-115, BW-AQ-118, BW-AQ-129 should not be considered for further
evaluation. Although BW-AQ-101 has poor solubility all its predicted physiochemical parameters
fit within the Lipinski’s rule of five. Development of proper drug delivery system/ formulation can
solve the solubility issue for this compound, so it can be considered for further evaluations.
Compounds BW-AQ-113 and BW-AQ-131 also appear as good drug candidates based on the
examined physicochemical properties. Compound BW-AQ-124 has 12 hydrogen bond acceptors
thus falling out of the Lipnski’s rule. However, this calculation is based on the number of Ns and
Os present in the molecule. The compound has two azido groups and it will be unreasonable to
consider them as six hydrogen acceptors. Therefore, compound BW-AQ-124 can be considered
an exception and a potential drug candidate. Formulations for all compounds that exhibit

reasonable physicochemical parameters were developed and discussed in section 1.5.2 below.

1.5.1.1 Experimental Section

All solvents used in this experiment were purchased from Sigma-Aldrich; and the
nylon filters were purchased form Fisher Scientific. The solubility was determined using BIC 90
Plus Particle Size Analyzer. The DMSO and PBS used in the experiments were filtered through

0.22 pm nylon filters. All compounds were dissolved in pre-filtered DMSO giving a 10 mM stock
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solution. All tubes, vials and cuvettes were rinsed with nano-pure filtered water and dried under
reduced pressure to ensure that no dust particles are present in them. Various concentrations from
0 UM to 150 uM were prepared through dilution of the stock solution into the filtered buffer. The
total DMSO amount per sample was kept at 1%. The prepared samples were allowed to sit at room

temperature overnight then the solubility was determined via a particle size analyzer instrument.

1.5.2 Formulation of selected anthraquinone analogs

One of the more direct ways to overcome the issues related to compounds with poor
solubility is to develop a formulation that will allow for the compounds to stay in solution. In
various in vitro studies and evaluation techniques, compounds are often dissolved in DMSO and
introduced to the media. This method cannot be utilized in vivo due to intrinsic toxicity issues and
the fact that DMSO is an irritant and should not be allowed to come in contact with live tissue. In
addition, DMSO carries in vitro cytotoxicity, which is the reason why this chemical should be kept
at levels no more than 5% (v/v) during any given set of experiments. An alternative compound
delivery method would be through the use of non-toxic solvents such as isopropanol and ethanol.
However, lipophilic/ nonpolar compounds will not be dissolved in these solvents, thus limiting
their utility. The development of water-soluble pro-drugs and colloidal systems (micelles,
liposomes, nanoparticle, etc.) are other feasible alternatives for compound delivery. However,
these methods require time and sufficient effort in their development and are not useful at the early
drug discovery stage. An efficient method to overcome poor compound solubility and the related
issues is through the development of pharmaceutical formulation. A commonly used solubilization
method in the cancer drug discovery process is the development of formulation using surfactants,
i.e. Tween 80, Solutol, and Cremophor.” The utilization of various formulations aims to prepare

the compounds for i.v. (intravenous) or i.p. (intraperitoneal) administration. With the use of
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isopropanol and ethanol as co-solvents and the three surfactants (Tween 80, Solutol, and
Cremophor), various formulations were developed in an attempt to overcome the issues related
with the poorly soluble compounds disclosed in this work.

The formulation studies were designed so that the developed solvent/surfactant
combinations allow for the delivery of the highest possible dose at the lowest possible volume.
This experimental design allows for the development of a delivery system without knowing the
therapeutic or the maximum tolerated doses of the tested compounds. The use of clinically
approved formulation components stands for the safety of the developed methodology.
Formulation for six of the active compounds was developed (Tables 1.1.52-1.57).

Table 1.11 Formulation of BW-AQ-101

Results
Entry | Amount of Solvent Total Final 48 h. at 6 x PBS
compound Combination Volume | Concentration Room dilution
(mg) (1/4) (viv) (HL) (mM) Temp
1 1.075 Solutol/ Ethanol 700 4.6 Solubilized Minor
Precipitated
after 1.5 h.
2 1.02 Cremophor/ 700 4.4 Solubilized Solubilized
Ethanol
3 1.035 Tween 80/ 700 4.5 Solubilized Minor
Ethanol Precipitated
after 1.5 h.
4 0.966 Cremophor/ 400 7.3 Solubilized Precipitated
Isopropanol after 40 min.
5 1.079 Soluto/ 400 8.1 Solubilized Precipitated
Isopropanol after 20 min.
6 1.2 Tween 80/ 400 9.1 Solubilized Precipitated
Isopropanol after 10 min.
7 1.118 Isopropanol 800 4.2 Solubilized Precipitated

Compound BW-AQ-101 showed to be completely soluble below 3 uM in PBS. In order to
improve its solubility, seven formulation conditions were examined (Table 1.5.2). The compound

was solubilized completely at various surfactant/solvent combinations. However, after six fold
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dilution with PBS buffer the compound either precipitated immediately or within one and a half
hours in six out of the seven tested conditions (Table 1.5.2). The combination of cremophor and
ethanol in one to four ratio (v/v) was the only one that did not result precipitation after dilution
with buffer.

Table 1.12 Formulation of BW-AQ-112

Results
Entry | Amount of Solvent Total Final 24 h. at 6 x PBS
compound Combination Volume | Concentration Room dilution
(mg) (1/4) (viv) (L) (mM) Temp
1 1.092 Solutol/ Ethanol 1100 2.8 Precipitated -
2 1.067 Cremophor/ 1300 2.3 Precipitated -
Ethanol
3 1.13 Tween 80/ 1100 2.9 Precipitated -
Ethanol
4 1.141 Cremophor/ 1000 3.2 Solubilized | Solubilized
Isopropanol
5 1.094 Solutol 1000 3 Solubilized | Solubilized
/Isopropanol
6 1.028 Tween 80/ 1000 2.9 Solubilized | Solubilized
Isopropanol
7 1.083 Isopropanol 1200 2.5 Solubilized | Precipitated
after 20 min.

Compound BW-AQ-112 showed significantly better solubility (20 uM) compared to BW-
AQ-101 (Table 1.5.1). Three out of the seven formulation combinations showed to be successful
in keeping BW-AQ-112 in solution (Table 1.5.3). Combination of all tested surfactants with
isopropanol appeared to be a successful formulation for compound BW-AQ-112. On the other

hand, the use of ethanol did not show any positive effects on BW-AQ-112.
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Table 1.13 Formulation of BW-AQ-113

Results
Entry | Amount of Solvent Total Final 48 h. at 6 X PBS
compound | Combination | Volume | Concentration Room dilution
(mg) (1/4) (viv) (L) (mM) Temp
1 0.885 Solutol/ 600 3.8 Solubilized | Solubilized
Ethanol
2 1.296 Cremophor/ 600 5.6 Solubilized | Solubilized
Ethanol
3 1.242 Tween 80/ 600 5.3 Solubilized | Solubilized
Ethanol
4 1.425 Solutol/ 400 9.2 Solubilized | Precipitated
Isopropanol after 2 h.
5 1.195 Cremophor/ 400 7.7 Solubilized | Precipitated
Isopropanol after 2 h.
6 1.124 Tween 80/ 400 7.2 Solubilized | Precipitated
Isopropanol after 2 h.
7 1.162 Isopropanol 600 5 Solubilized | Precipitated

Interestingly compound BW-AQ-113, which is structurally very similar to BW-AQ-112,

was more favorable towards surfactant combinations with ethanol and not isopropanol. Although
BW-AQ-113 stayed in solution for two hours after the six fold dilution in PBS, the combinations
of ethanol with cremophor, tween 80, and solutol respectively allowed it to stay in solution for a
longer period of time. Based on the absorption, distribution, metabolism and excretion profile of a
given compound, formulation that allows for the compound to stay in solution between two and
three hours can be useful for drug delivery. The ADME profiles of the developed compounds

remain to be determined.
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Table 1.14 Formulation of BW-AQ-124

Results
Entry Amount of Solvent Total Final 24 h. at 6 X PBS
compound Combination Volume | Concentration Room dilution
(mg) (1/4) (vIv) (L) (mMV) Temp
1 1.115 Solutol/ Ethanol 500 4.7 Solubilized | Precipitated
after 3 h.
2 0.94 Cremophor/ 500 4 Solubilized | Solubilized
Ethanol
3 1.343 Tween 80/ 600 4.8 Solubilized | Precipitated
Ethanol after 3 h.
4 1.064 Cremophor/ 400 5.7 Solubilized | Precipitated
Isopropanol after 3 h.
5 0.975 Solutol/ 400 5.2 Solubilized | Solubilized
Isopropanol
6 1.205 Tween 80/ 400 6.4 Solubilized | Precipitated
Isopropanol after 3 h.
7 1.04 Isopropanol 600 3.7 Solubilized | Precipitated
after 0 min.

A successful formulation of compound BW-AQ-124 was achieved through the
combination of solutol and isopropanol in ¥ (v/v) ratio. The combination did not result in any
precipitation after dilution with PBS (Table 1.5.5). All other tested combinations resulted at initial
solubilization. However, upon dilution, the compound precipitated out after three hours, or in the
case of the sole use of isopropanol immediately. These combinations can prove to be
therapeutically useful as precipitation after three hours occurred only at fairly high concentrations:

1.2 mM for Entry 6 (Table 1.5.5).
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Table 1.15 Formulation of BW-AQ-126

Results
Entry Amount of Solvent Total Final 24 h. at 6 x PBS
compound Combination (1/4) | Volume | Concentration Room dilution
(mg) (Vv) (L) (mM) Temp
1 1.194 Solutol/ Ethanol 1100 2.1 Precipitated -
2 1.085 Cremophor/ 1300 1.6 Solubilized | Solubilized
Ethanol
3 1.241 Tween 80/ 1100 2.2 Precipitated -
Ethanol
4 1.232 Cremophor/ 600 4 Precipitated -
Isopropanol
5 1.235 Solutol/ 800 3 Solubilized | Solubilized
Isopropanol
6 1.184 Tween 80/ 600 3.8 Precipitated -
Isopropanol
7 1.215 Isopropanol 1000 2.4 Precipitated -

Although highly potent, compound BW-AQ-126 showed poor solubility (Table 1.5.1).
Formulation development for this compound was proven difficult and only the combination of
cremophor/ethanol and solutol/isopropanol resulted in complete solubilization at fairly low
concentrations (Table 1.5.6). All other tested combinations gave immediate precipitation upon

PBS dilution.
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Table 1.16 Formulation of BW-AQ-131

Results
Entry Amount of Solvent Total Final 24 h. at 6 x PBS
compound Combination Volume | Concentration | Room Temp dilution
(mg) (1/4) (vIv) (L) (mM)
1 1.137 Solutol/ Ethanol 1000 3.7 Solubilized | Solubilized
2 1.25 Cremophor/ 900 4.6 Solubilized | Solubilized
Ethanol
3 1.043 Tween 80/ 800 4.4 Solubilized | Solubilized
Ethanol
4 1.15 Cremophor/ 600 6.4 Solubilized | Solubilized
Isopropanol
5 1.102 Soluto/ 800 4.6 Solubilized | Solubilized
Isopropanol
6 1.054 Tween 80/ 600 5.8 Solubilized | Solubilized
Isopropanol
7 1.056 Isopropanol 800 4.4 Precipitated -

Because BW-AQ-131 showed fairly good solubility in preliminary experiments (Table
1.5.1), it was not a surprise that all of the tested formulation combinations were successful (Table
1.5.7). At some instances solubilization was achieved at fairly high concentrations: entries 4 and
6 (Table 1.5.7). Not surprisingly, the sole use of isopropanol was not successful.

The majority of the rhein analogs exhibit poor water solubility. The development of a
successful formulation allows for the active compounds to be further evaluated and potentially
considered as drug candidates. After physicochemical and structure-activity evaluation of the
synthesized analogs, various formulations for six of the most promising compounds were
developed. These formulations can be used for further evaluation of the compounds’ stability and

in vivo studies.

1.5.2.1 Experimental Section

General procedure for the formulation development
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All surfactants, Cremophor RH 40, Kholliohor HS 15 (solutol) and Tween 80, were
purchased from Sigma Aldrich. All solutions were prepared by suspending the reported amount
of compound in a surfactant (Cremophor RH 40, Kholliohor HS 15 (Solutol) and Tween 80)/
solvent (ethanol, isopropanol) mixture, heating it for approximately one minute at 40 °C, followed
by vortexing for approximately 15 seconds and sonication for one minute. 100 pL increments from
the solvent/surfactant mixture were added repeatedly until the compound was fully solubilized.
The fully solubilized samples were allowed to sit at room temperature for 24 or 48 hours at room
temperature. 200 pL of each sample were then added to 1 mL of PBS buffer at room temperature.
The solutions were thoroughly mixed and allowed to sit at room temperature. The solutions were

examined for precipitation formation every 10 to 15 minutes.

1.5.3 Stability studies of selected anthraquinone analogs

The stability evaluation of a selected group of compounds was done in three different
experiments aiming to answer the following questions: i) are the compounds stable at physiological
conditions, ii) are the compounds stable in the formulation solutions and iii) what would be the
ideal storage conditions for the compounds. In order to answer these questions, three sets of
experiments were designed. The first one consists of dissolving the compounds in the above-
described formulations followed by six times dilution in PBS (pH = 7.4) and incubation at 37 °C
for 24 hours. Samples were periodically injected into an HPLC instrument and the real-time
decomposition of the compound was monitored. Compounds BW-AQ-112, BW-AQ-124, and
BW-AQ-131 appeared to be relatively stable (Table 1.5.8). The compounds showed about 5.5 %,
4.9 %, and 0.8 % respective decomposition at simulated physiological conditions. The lead

compound BW-AQ-101 showed about 8.3 % decomposition at the same condition after 24 hours,
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however, only 1.6 % after two hours incubation. These results are indicative for the general
stability of the structures and their therapeutic potential. Unfortunately compound BW-AQ-126
showed significant decomposition of over 38 % (Table 1.5.8) at close to physiological conditions.
The lack of stability if this compound eliminates it from further consideration for a drug candidate.
Nevertheless, the other four compounds that were tested showed good stability and promise to be
taken for further pre-clinical evaluations.

Table 1.17 Stability studies in solution at 37 °C
* 0 min. readings indicate the initial purity of the compounds.

BW-AQ-101 | BW-AQ-112 | BW-AQ-124 | BW-AQ-131 | BW-AQ-126
0 min. 97.2% 98.6 % 99.1% 87.7% 95.3 %
120 min. 95.6 % 98.4 % 97.6 % 87.2% 91.2 %
24 h. 88.9 % 93.0 % 94.2 % 86.9 % 56.4 %

The purpose of the second stability study that was performed was to evaluate the storage
capability of the active compounds in the established formulation solutions for an extended period
of time (up to eight weeks). This long-term stability test was done on BW-AQ-101, BW-AQ-112,
BW-AQ-113, and BW-AQ-124 based on their activities and physicochemical properties. These
compounds were dissolved in the most appropriate formulations (discussed in section 1.5.2) and
stored under three different conditions: room temperature, 4 °C, and -20 ‘C. None of the
compounds exhibited significant decomposition at -20 °C after eight weeks (data shown in the
appendix). Compounds BW-AQ-101 and BW-AQ-124 showed about 1 % and 2 % decomposition
at 4 °C and the solutions of BW-AQ-112, BW-AQ-113 appeared completely stable at this
temperature. Eight-week solution storage at room temperature resulted in minor decomposition of
all compounds. While BW-AQ-101 and BW-AQ-112 showed only 3 % and 4 % decomposition,

compounds BW-AQ-124 and BW-AQ-113 showed 9 % and 7 % decomposition respectively. The
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eight-week study revealed that solution storage may be suitable for some of the rhein analogs at
low temperatures (4 °C, and -20 °C), but cannot be utilized at room temperature.

The third storage stability evaluation of these compounds was done at solid state and under
the following temperature conditions: room temperature, 4 °C, and -20 “C. The compounds showed
no significant decomposition after 17 weeks storage in a solid form at 4 °C, and -20 °C (data
presented in the appendix). Compounds BW-AQ-101 and BW-AQ-124 showed about 1 %
decomposition when stored in a solid form at room temperature. Furthermore, BW-AQ-112 and
BW-AQ-113 showed no significant evidence for decomposition when stored as solids at room
temperature.

The above-described stability studies show that the active rhein analogs are
relatively stable compounds and can be stored as solids for prolonged periods of time. Ideal storage
conditions will require low temperatures (4 °C or -20 °C). Most compounds appear tolerable to
storage at room temperature as well. Short-term storage in a solution form at -20 °C are plausible
for these compounds, however, long term (over 8 weeks) solution storage at these conditions is

not recommended.

1.5.3.1 Experimental section

All solutions for the stability determination of compounds BW-AQ-101 and BW-AQ-124
were prepared using ethanol/cremophor 4/1 (v/v) ration. All solutions for the stability
determination of compounds BW-AQ-112 and BW-AQ-113 were prepared using
isopropanl/solutol 4/1 (v/v) ration. 1 mM stock solutions of each compound were prepared in the
appropriate formulation. 30-fold dilution in PBS was done to achieve 30 uM final concentration
samples of the tested compounds. The prepared samples were then injected into the HPLC

(Shimadzu UFLC SIL-20AHT) with Waters SinFire C18, 3.5 pum, 4.6 x 100 mm column. The
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mobile phase was either acetonitrile/water (0.25 % TFA) (50/50, v/v) for BW-AQ-101 and BW-
AQ-124, or acetonitrile/water (0.25 % TFA) (40/60, v/v) for BW-AQ-112 and BW-AQ-113 with
flow rate of 1 mL/ min. The data was collected at 250 nm with threshold 50 and minimum

detectable are of 7000 (< 1 %).
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1.6 Conclusions
Nine distinct groups of rhein analogs, were synthesized as potential anticancer agents. In

vitro and in silico mechanistic evaluations of the lead compound BW-AQ-101 suggest that these
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classes of anthraquinone compounds could potentially be binding to MDM2, inhibiting its
interactions with MDM4, thus upregulating the tumor suppressor p53. Further mechanistic studies
of the active compounds are needed to support the consistency of this hypothesis within the
different classes of developed anthraquinones. The activity of all compounds were tested against
seven different cancer cell lines, including leaukemia and solid state tumor cells. A number of
active compounds exhibiting mid to low nanomolar activity were identified. Majority of the
developed compounds exhibited selectivity towards the leukemia cell lines. The physiochemical
properties of selected group of compounds were studied in an attempt to evaluate their potential to
become drug candidates. The majority these compounds exhibit poor water solubility, thus various
non-toxic formulations were developed to overcome this drawback and to allow for the further
evaluation of these active anthraquinones.
2 A NEW TYPE OF NEIGHBORING GROUP ASSISTED CLICK REACTIONS

2.1 Introduction

Click chemistry describes reactions that are fast and versatile, require mild
conditions, and achieve high yields after minimum purification effort.! A number of reactions in
this category has been reported. Some examples are the well-known copper-catalyzed and strain
promoted/copper-free azide-alkyne cycloaddition reactions,* tetrazine and strained alkyne/alkene
Diels-Alder type of reactions,>” and the Staudinger—Bertozzi ligation.® These types of reactions
have found wide-spread utility in a number of applications including bioconjugation, drug
delivery, development of libraries of compounds, materials chemistry, and DNA modifications.®-
12 In many such applications, the ability to undergo a secondary reaction will be very useful 1314
The idea of orthogonal click-click reactions is also reflected in our earlier effort in tuning reaction

rates for staged labeling.” A recent and very significant report of protecting strained alkynes with
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Cu(l) also allows for sequential click reactions.®® Incorporation of the azido/alkyne chemistry and
cyanobenzothiazole/1,2-aminothiol chemistry pairs into a single molecule would also allow for
sequential click reactions and thus staged labeling.'®8 Herein, we report a simple system, which
allows for sequential reactions by utilizing a neighboring boronic acid-mediated click cyclization.
The boronic acid functional group can then be used for a secondary modification reaction under
mild conditions. The initial cyclization is very fast, complete within minutes in excellent yields
(up to > 95 %), does not need an external catalyst, and uses mild/inert conditions. The key aspects
of the developed methodology are 1) the reaction is promoted through activation of the aldehyde
by an ortho-positioned boronic acid; 2) the reaction is tolerant of various substituents on the formyl
aromatic ring; and 3) the benzothiazole product carries a boronic acid moiety that can be used as

a handle for further modifications using a large number of well-established conditions.!®-2°

2.1.1 Click and click: biorthogonal reactions allowing for secondary functionalization

There is a wide array of different types of biorthogonal reactions suitable for
bioconjugation that have been developed and there is a number of outstanding reviews that
thoroughly describe them.>2%-3 Thus this chapter will not focus on the in depth analysis of this
type of chemistry. Herein we describe a brief overview of the utility of sequential biorthogonal
reactions in chemical biology. The combination of the following biorthogonal reactions have been
successfully utilized in the development of sequential dual or multi click systems: coper catalyzed
alkyne-azide conjugations (CUACC), Diels-Alder reactions (DA), strain promoted alkyne-azide
conjugations (SPACC), oxime ligations (OL), thiol promoted Michael additions (TMA), thiol
halogen ligations (THL), thiol-ene reactions (TER), inverse electron demand Diels-Alder reactions

(IEDA), and native chemical ligations (NCL).2*>3->" The combinations of these reactions have
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been utilized in dual or multi sequential conjugations and have found various applications in

polymer chemistry and biocompatible ligations.



Table 2.1 Biorthogonal reactants used in single molecule for sequential “click”
reactions/ conjugations.
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2.1.2 Dual orthogonal conjugations

Click chemistry carries the huge advantage of reaction selectivity. The reactions
occur only between specific click pairs, thus allowing for multi-functionality conjugations to occur
in a one pot fashion. This strategy could be utilized for various biologically relevant conjugations
such as protein labelling, protein — carbohydrate conjugations, protein — protein conjugations,
DNA conjugations etc. Table 2.1 summarizes some biorthogonal functionalities that have been
incorporated in a single molecule and recently used for sequential conjugation reactions. There is
one major concern that needs to be kept in mind when designing a double click labelled reagents:
reactions should not be possible between the two click tags or their corresponding reaction
partners. Hosoya’s and Koning’s groups have developed methodologies where two alkyne
functionalities in a single molecule can be sequentially reacted in a copper catalyzed fashion with
azides.’™>* These methodologies, however, require either alkyne protection-deprotection step.
Koning and co-workers utilized triisopropylsilyl ether (TIPS) alkyne protection to achieve two
steps sequential biorthogonal ligation.>® Hosoya utilized (MeCN)CuBF; as a “protecting” ligand
for strained cyclooctynes allowing for the functionalization of the terminal alkyne in the same
molecule.’® These two examples show that sequential click labeling can occur in the presence of
identical functionalities in a single molecule, however, the methodologies are not suitable for
single step bioconjugations.

An excellent example of the proper selection of click pairs that allow for one pot
bioconjugation was presented by Kent’s group.3 The one pot conjugation of two peptides followed
immediately by ligation with azido-labelled GalNac was achieved in up to 95 % yields.*® One of
the peptides was modified though the installation of a propargyl alkyne, a substrate for a CUAAC

reaction, and a thioester, a potential substrate for NCL. The peptide moieties were conjugated via
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native chemical ligation between a free cysteine of one peptide and the preinstalled thioester of the
other. The alkyne functionalities were then reacted with the azido-labelled GalNac in the presence
of CuS04.% One down side of this methodology is the use of toxic copper as a catalyst for the
secondary functionalization. The ideal bioconjugation methodology would consist of a pair of
selective reactants that are safe and do not require addition of potentially toxic catalysts.

The use of stain promoted alkyne-azide conjugation pair or inverse Diels-Alder
tetrazene-alkyne ligation allow for facile reactions without the need for any catalysts. These
ligations are compatible, and have been utilized in sequential manner with thiol-malemide Michael
addition reactions.?®% In an effort to deliver antibody Fc fragments possessing a C-terminal
selenocysteine residue (Fc-Sec), Burke and co-workers developed folate conjugated molecule
containing malemide functionality on one end and strained cyclooctyne on the other.® The Fc-Sec
was linked to the malemide through Michael type of addition. Consecutive inverse Diels-Alder
reaction between the developed cyclooctyne — Fc-Sec — folate conjugate and a tetrazene tagged
biotin, resulted in the successful synthesis of this anticancer “warhead”.®® The use of biotin
established the feasibility of the methodology, and it can be replaced with an active cytotoxic agent
for therapeutic purposes. This type of chemistry can also be used not only as a pair couplings, but

also for tri and multi biorthogonal conjugations.

2.1.3 Multiple orthogonal conjugations

As previously exemplified click chemistry has found a number of applications
through sequential ligations. This type of conjugation chemistry has been utilized in chemical
biology in triple or multiple sequential click reactions manner.?® Click chemistry is an excellent
tool for biomolecular modifications in a rapid and safe manner without the need of extensive

purification. The fact that the different types of biothrogonal reactions can be combined in
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sequential manner truly elevates the utility of this technique. The application of more than two
click pairs for bioconjugation purposes can be of significant contribution to the fields of chemical
biology. Table 2.1 shows pairs of click reagents that have been utilized in a single molecule,
however, combinations of these functionalities can exist in multiples rather than just as a pair. For
example Renard and co-workers, incorporated an azide, free thiol, and an oxime in a single
molecule.*? The application of this “tripod” was exemplified through the development of Forster
energy transfer (FRET) cassette and fluorescent renewable immunoassay biochips based on the
trifunctional molecules. One major consideration that has to be taken when developing single
molecule with multiple click functionalities is not just cross reactivity, but also stability and
reactivity sequence of the click pairs. Thiols can be oxidized in the presence of copper, thus the
TMA or THL reaction has to happen before the CUAAC conjugation. Although innovative and
useful, major down side of the developed methodology is that it cannot be accomplished in one
pot manner.

Successful examples of one pot multi-click conjugations were published by Boturyn and
co-workers.*®* A modified cyclodecapeptide containing multiple free alkyne functionalities, a
free aldehyde, and a malemide was synthesized. In addition, RGD peptides were modified by
installing azido functionalities that react in a CUAAC fashion with the free alkyne groups on the
cyclodecapeptide. Glc-B-ONH2 was reacted with the free aldehyde and a thiol containing nucleic
acid was reacted in Michael addition fashion with the malemide.** Number of other
cyclodecapeptide analogues containing three different functional groups and three different
conjugation methods were successfully synthesized.** The key aspect in this work was the correct
choice of click reaction sequence. In the presence of a free aldehyde, the CUAAC reaction was

utilized last, as aldehydes are not stable in the presence of copper. Another interesting aspect of
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this work is not just the three different types of ligations used, but their utility in the presence of a
variety of biomolecular functionalities.*! The use of three different biomolecules (peptides, nucleic
acids, and sugars) in this proof of principle example stands to show how versatile and powerful is

the sequential click conjugation methodology.

2.2 Neighbouring boronic acid promoted click reaction

In the process of searching for new bioorthogonal click reactions, we are interested in
condensations involving aldehydes. It is well known that aldehydes can undergo facile
condensation reactions with compounds that have vicinal nucleophiles. Aldehyde condensations
with aryl diamines, aminobenzothiols, aminophenols, and cysteine have been previously
reported.>®%% For example, aminobenzothiols and aminophenols have been condensed with an
aldehyde in the presence of ZnO nanoparticles®® or in toluene at refluxing temperature; and similar
reactions using cysteine analogs took 6-15 hours to complete at room temperature.>® Recently, Ai
and colleagues reported a facile oxidative condensation of aldehydes with o-phenylenediamine
analogs under acid catalysis.®* This was used for protein conjugation for various applications. Such
reactions are also similar to the cyanobenzothiazole-cysteine condensation reactions.®1762 We are
interested in taking advantage of this class of reactions by developing mild and facile conjugation
chemistry that occurs without the use of acid. In doing so, we were interested in exploring the
ability of a boronic acid group to function as a Lewis acid. Our lab has had a long-standing interest
in boronic acid chemistry, exploring its applications in sensing,®®% catalysis,%®"® drug
design,®* %72 and imaging’®® as well as its behavior in mass spectrometry.’® It is well known that
a Lewis base/nucleophile in a 1,5-relationship with an arylboronic acid can donate its lone pair
electrons to the boron open shell. This has been shown with amino and hydroxyl groups.”-8 Our

lab has also shown that an aldehyde carbonyl oxygen can also engage in such coordination and
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intermolecular aldehyde-boronic acid interactions facilitate aldehyde reduction.”™ In addition, it
has been previously reported that o-formyl boronic acids can easily form imines with an amine
under physiological conditions.?* Recently, Gillingham and co-workers reported oxime
condensation with o-formylphenylboronic acid as a linking tool for various chemical biology
applications.®® This could very well be due to the ability for boronic acid to catalyze the reaction
through coordination. Another piece of evidence seems to suggest that the boron atom in an o-
formyl arylboronic acid tends to stay in the tetrahedral form, suggesting coordination.® For all
these reasons, we envisioned that a boronic acid group ortho to the aldehyde would be able to
interact with the aldehyde oxygen atom and thus promote its acid-mediated cyclization reaction.
Thus, we examined whether o-formylphenylboronic acid would undergo facile cyclization

reactions with compounds containing vicinal nucleophiles at room temperature (Table 2.2).

Table 2.2 Design of boronic acid facilitated “click” reaction

Q X
| :@ 5 min., room temp. ®—<Xj©
+ y
R v MeOH or MeCN Y
R

Isolated
Yield

Compound X Y R (%)

34 NH, OH  2-B(OH). -

35 NH, NH, 2-B(OH) -

36 NH, SH  2-B(OH). 85

37 NH, SH  3-B(OH). -

38 NH, SH  4-B(OH). -

39 NH, SH H 10
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We first tried the reaction with phenylenediamine. Much to our surprise, the reaction
generated a complex mixture. We did not examine the detailed composition of the reaction mixture
because it was clear that this was not going to be a successful click reaction. However, all
indications are that polymerization and cross-linking are possible side reactions. With this in mind,
we were interested in using a structural moiety that has only one of the nucleophiles being
“divalent.” In such a case, polymerization becomes not possible. With this consideration, we
studied the same reaction with o-aminophenol and o-aminobenzothiol. With o-aminophenol, the
cyclization product was not isolated. However, when the reaction was conducted with o-
aminobenzothiol, it was very fast (Tables 2.2 and 2.3). We hypothesize that the open shell of the
boron atom can serve as Lewis acid and coordinate with the oxygen of the adjacent aldehyde group
in facilitating the first step of the reaction (Scheme 2.1). Furthermore, we reasoned that the boron
atom could also coordinate with the nitrogen of the imine intermediate and thus facilitate the
second step of the reaction as well (Scheme 2.1). In order to examine whether the cyclization was
indeed facilitated by the O-B interaction that afforded the enhanced reactivity of the aldehyde
group, we examined the same reactions using m- and p-formylphenylboronic acids and
benzaldehyde. Not surprisingly, reacting aminobenzothiol and benzaldehyde without the boronic
acid moiety gave no more than 10% of the cyclized product 39. Furthermore, the reaction did not
reach completion even after 24 h. Indeed, when the boronic acid is not positioned ortho to the
aldehyde functional group, no such cyclization happened (Table 2.2). Thus, the presence of a
boronic acid moiety at a position ortho to the aldehyde was crucial to the reaction. The reaction
was also examined using cysteine and homocysteine as naturally occurring molecules with two
adjacent nucleophiles. However, no new spots or consumption of the starting material was

observed by TLC within one hour of stirring at room temperature; consequently, the reaction was
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not further examined. Thus, a system with two adjacent nucleophiles is needed for the click-like
cyclization with o-formyphenylboronic acid to occur.

In order to examine the scope of this reaction, six o-formylbenzylboronic acids, with
various substitutions on the aromatic ring, were examined for their reactivity against three different
o-aminobenzothiols (Table 2.3). The substituents did not seem to have much of an effect on the
reaction outcome. The difference in the isolated yield of the oxidized final products was largely
due to purification issues as TLC indicated full conversion in all reactions. The purification issues
arise from the challenge of separating the cyclized intermediate 63 and the oxidized final product

64 (Scheme 2.1).
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Table 2.3 Scope of the developed cyclization reaction

HO
HO\B/O?’ H,N R \B_O: R
. :©/ 5 min., room temp. @_</ jg/
Rr@) HS MeOH or MeCN K S
Isolated
Compound R1 R2 Conversion (%) | Yield (%)
40 4-Me? H? 100 95
41 4-OCF3? H? 100 97
42 3-0Bn? H? 100 60
43 4-Fe He 100 78
44 3-OMe? H? 100 95
45 H? ClP 100 84
46 4-Me? ClP 100 75
47 3-OBn? ClP 100 77
48 4-F2 ClP 100 52
49 3-OMe? ClP 100 74
50 H? CFs® 100 56
51 4-Me? CFs° 100 79
52 4-OCF3? CFs° 100 56
53 3-0OBn? CFs® 100 74
54 4-F2 CFs° 100 68
55 3-OMe? CFs° 100 94

2 1 equivalence of the reagent used. °2 equivalence of the reagent used. ¢ 1.2 equivalence of the reagent used.

It should be noted that the reaction sequence also involves oxidation, which we assume is
air-oxidation because no other reagent was added. The oxidation step appears to be much slower
compared to the click-like cyclization reaction. Addition of one equivalent of DDQ and stirring
for 30 min substantially increased the oxidation rate and isolated yields (data not shown).
However, the use of harsh oxidizing reagents is undesirable and simple overnight air oxidation

resulted in the desired fully oxidized products (example: compounds 40, 41, 44, 55, Table 2.3).
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This is also consistent with the condensation work by others that air-oxidation would drive the

reaction to produce the fully aromatized system.%®

Ho, S HO, 3" HO.. '* HO. é (
“B--0 B\O
V —
H SH SH
)

59

,_é HO OH HO OH H
@ QHIE @ﬁR[°]@ﬁ

Scheme 2.1 Proposed mechanism (R1 = H, Me, OMe, OBn, OCF3, F; R2 = H, Cl, CF3)

To further explore the scope of the reaction, commercially available 2-amino-4-
(trifluoromethyl)thiophenol and 2-amino- 4-chlorothiophenol were selected. One of these reagents
introduces an electron withdrawing group in the nucleophilic system and the other a slightly
electron donating group that can potentially be used as a functionalization site (Table 2.3,
compounds 45-55).

Although aminobenzothiol has two nucleophilic groups, we propose that imine formations
happens first (59, Scheme 2.1), followed by intramolecular cyclization driven by 1) boronic acid
activated imine (61) and 2) energetically favorable five-membered ring formation (62, Scheme
2.1). As previously mentioned, the presence of a boronic acid at a position ortho- to the aldehyde
not only is crucial for the cyclization reaction, but also provides a handle for further modifications
of the synthesized benzothiazole.

The functionalization of the synthesized boronic acid benzothiazoles can easily be achieved
through a number of coupling methods for various applications.*®"62 For example, molecules can

be conjugated to the benzothiazole via Suzuki coupling or the Chan — Lam reaction (Scheme 2.2).
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In one such test, we conjugated biotin to the cyclization product benzothiazole. This can be
extremely useful for the evaluation of biologically active compounds in binding studies such as
SPR, QCM, QCM-D, and ELISA studies. Therefore, this new neighboring group assisted

benzaldehyde cyclization reaction can be a versatile tool for various applications.

/©/NH2 Q

HOQ, .
B-OH NiCl,-H,0 NH
N Cl  2,2-bipyridyl N]©/C|
4 P —— 4
sjg/ DBU, CH;CN S
BnG 47 room temp., 12 h. BnO 65
56 %
0] &
HNJ(NH HNo NH
S S
o O
66
HN NH

51 & 1)
HO Br

B-OH

FaC, s Pd(PPhy),, CsF \ S
)< 1 {
N DME, reflux temp.,

41 12h., 85 % 67

Scheme 2.2 The use of the boronic acid as a handle for further modifications
2.3 Conclusion

In summary, a facile neighboring group assisted cyclization reaction between
formylphenylboronic acid and amino thiol has been developed. The reaction achieves full
conversion at room temperature without the use of harsh conditions. The benzothiazole products
can easily be modified through various boronic acid-based coupling methodologies for different
applications such as bioconjugation, biolabeling, and fluorescent tagging, thus giving two
sequential facile reactions. In addition, benzothiazole compounds have shown a wide array of
biological activities including anticancer,2”? anti-inflammation,®® antiviral,* antidiabetic,®*’
antimicrobial®®®® and anticonvulsant!®-1%% activities. This class of compounds is perhaps most

useful in the area of diagnostics where it has been clinically used for amyloid fibrils imaging for
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Alzheimer’s disease detection.’®1% More recently, benzothiazole analogs have been utilized in
studying the biologically important and naturally occurring gasotransmitter molecules, hydrogen
sulfide'®"1% and carbon monoxide.l® Consequently, the new chemistry described here has a

wealth of synthetic applications as well.

2.4 Experimental section

All reagents and solvents were of reagent grade. All formylphenylboronic acids were
provided by Frontier Scientific Inc.; 2-aminobezothiol and 2-amino-4 (trifluoromethyl)thiophenol
were purchased from Alpha Aeser; and 2-amino-4-chlorothiophenol was purchased from Sigma-
Aldrich. Column chromatography was carried out on flash silica gel (Sorbent 230—400 mesh). TLC
analysis was conducted on silica gel plates (Sorbent Silica G UV254). NMR spectra were recorded
at 400 MHz for 1H and100 MHz for 13C on a Bruker instrument. Chemical shifts (6 values) and
coupling constants (J values) are given in ppm and hertz, respectively, using the appropriate
deuterated solvents as references.

General procedure for the preparation of compounds 36-55:

2-Formylphenylboronic acid (120 mg, 0.8 mmol) was dissolved in 4 ml methanol. 2-
Aminobenzothiol (100 mg, 85.5 pL, 0.8 mmol) was added and the reaction was stirred at room
temperature open to air. Full consumption of the starting materials was achieved within 5 min
(confirmed by TLC, DCM: EtOAc = 9:1) of stirring. The organic solvent was then evaporated and
the yellow oily residue was purified via gradient silica gel flash column chromatography (eluent
DCM: EtOAc = 100:1 and DCM: MeOH= 200:1; 100:1; 50:1).

Compound 36, (2-(benzo[d]thiazol-2-yDphenyboronic acid:

Isolated yield 85 %. H NMR (CDsOD): & 8.00 (t, J = 6.8 Hz, 2H), 7.82 (d, J = 7.6 Hz,

1H), 7.55-7.42 (m, 6H); 3C NMR (CDsOD): & 170.6, 149.9, 135.0, 134.6, 131.1, 130.8, 128.6,
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126.9, 126.3, 125.8, 125.6, 122.3, 121.2. HRMS (ESI-TOF) m/z [M+1]" calcd. for C13H10BNO,S
256.0598, found 256.0600.

Compound 39, 2-phenylbenzo[d]thiazole:

Spectroscopic data matches that of literature report.!t

Compound 40, (2-(benzo[d]thiazol-2-yI)-5-methylphenyl)boronic acid:

Isolated yield 95%. *H NMR (CDsOD): & 7.98 (d, J = 8 Hz, 1H), 7.93 (d, J =8 Hz, 1H),
7.66 (d, J=7.6 Hz, 1H), 7.52 (t, J = 7.6 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.29 (s, 1H), 7.22 (d, J
= 7.6 Hz, 1H), 2.38 (s, 1H); *C NMR (CDsOD): 5 170.7, 149.8, 141.8, 134.5, 132.5, 131.5, 129.2,
126.8, 125.8, 125.4, 122.3, 121.0, 20.4. HRMS (ESI-TOF) m/z [M+1]* calcd. for C14H12BNO,S
270.0755, found 270.0757.

Compound 41, (2-(benzo[d]thiazol-2-yD)-5-(trifluoromethoxy)phenyl)boronic acid:

Isolated yield 97%. 'H NMR (CDsOD): & 8.01 (d, J = 8 Hz, 1H), 7.96 (d, J = 8 Hz, 1H),
7.86 (d, J = 8 Hz, 1H), 7.55 (t, J = 7.2 Hz, 1H), 7.43 (t, = 7.6 Hz, 1H), 7.35 — 7.29 (m, 2H); °C
NMR (CDsOD): § 170.5, 152.7, 136.1, 134.9, 130.2, 128.7, 128.5, 127.2, 124.1, 123.8, 123.1,
122.5, 122.0, 120.5. HRMS (ESI-TOF) m/z [M+1]* calcd. for C14HsBFsNOsS 340.0421, found
340.0423.

Compound42, (2-(benzo[d]thiazol-2-yD)-4-(benzyloxy)phenylboronic acid:

Isolated yield 60%. *H NMR (DMSO-d6): 8.13 (d, J = 8.0 Hz, 1H), 8.07 (s, 1H), 7.98 (d,
J = 8.0 Hz, 1H), 7.57- 7.52 (m, 2H), 7.50-7.46 (m, 3H), 7.45-7.39 (m, 3H), 7.34 (d, J = 8.0 Hz,
1H), 7.18 (d, J = 8.0 Hz, 1H), 5.23 (s, 2H). 3C NMR (DMSO-d6): 169.7, 158.9, 153.3, 137.5,
137.3,135.4, 135.3, 129.0, 128.4, 128.1, 127.0, 125.9, 123.1, 122.7, 116.8, 115.4, 69.7, 48.4, 48.2,
48.0, HRMS (ESI-TOF) m/z [M+1]* calcd. for C2oH1sBNO3S 362.1017, found 362.1000.

Compound 43, (2-(benzo[d]thiazol-2-yD)-5-fluorophenylboronic acid:
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Isolated yield 78%. *H NMR (CDz0OD): & 8.03 (d, J = 8.4 Hz, 2H), 7.91-7.87 (m, 1H), 7.59
(t,J=7.2Hz, 1H) 7.48 (t, J = 7.6 Hz, 1H), 7.24-7.16 (m, 2H); 1*C NMR (CD30D): § 170.2, 163.9,
148.4, 1345, 131.1, 127.7, 127.3, 125.8, 122.6, 120.7, 117.6, 117.4, 115.5, 115.2. HRMS (ESI-
TOF) m/z [M+1]" calcd. for C13HsBFNO>S 274.0504, found 274.0507.

Compound 44, (2-(benzo[d]thiazol-2-yI)-4-methoxyphenyl)boronic acid:

Isolated yield 95%. *H NMR (CD3OD): & 8.00 (t, J = 3.2 Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H),
7.46-7.38 (m, 3H), 7.11 (d, J = 7.6 Hz, 1H), 3.88 (s, 3H); $3C NMR (CDsOD): § 169.9, 160.3,
150.7, 136.5, 134.7, 132.1, 126.7, 126.3, 125.5, 122.1, 121.6, 116.4, 111.8, 54.5. HRMS (ESI-
TOF) m/z [M+1]" calcd. for C1aH12BNO3S 286.0704, found 286.0706.

Compound 45, (2-(5-chlorobenzo[d]thiazol-2-y)phenyl)boronic acid:

Isolated yield 84%. 'H NMR (CDsOD): & 7.96-7.94 (m, 2H), 7.84 (d, J = 7.2 Hz, 2H), 7.54-
7.39 (m, 4H); 13C NMR (CDsOD): 5 171.9, 152.3, 134.8, 133.2, 132.6, 131.1, 131.0, 128.7, 126.7,
125.7, 123.2, 121.3. HRMS (ESI-TOF) m/z [M+1]* calcd. for C1sHoBCINO,S 290.0251, found
290.0215.

Compound 46, (2-(5-chlorobenzo[d]thiazol-2-yl)-5-methylphenylboronic acid:

Isolated yield 75%. *H NMR (CDsOD): & 8.00-7.95 (m, 2H), 7.78 (d, J = 8 Hz, 1H), 7.44
(d, J = 8 Hz, 1H), 7.33-7.30 (m, 2H), 2.43 (s, 3H); 3C NMR (CD30D): & 172.0, 152.3, 142.0,
133.1, 132.6, 132.3, 131.7, 129.4, 127.1, 126.6, 125.5, 123.2, 121.1, 20.3. HRMS (ESI-TOF) m/z
[M+1]" calcd. for 304.0387, found 304.0370.

Compound 47, (4-(Benzyloxy)-2-(5-chlorobenzo[d]thiazol-2-yDphenylboronic acid:

Isolated yield 77%. *H NMR (CDzOD): § 8.00 (d, J = 32.0 Hz, 2H), 7.50-7.31 (m, 8H),

7.22 (d, 1H), 5.19 (s, 2H); 3C NMR (CDs0OD): § 171.5, 159.4, 152.7, 136.9, 136.3, 133.3, 132.5,
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132.4,128.2, 127.6, 127.2, 125.6, 123.1, 121.4, 117.5, 113.4, 69.8; HRMS (ESI-TOF) m/z: [M +
1]* calcd for C20H1sBCINOsS 396.0622, found: 396.0632.

Compound 48, (2-(5-Chlorobenzo[d]thiazol-2-yI)-4-fluorophenylboronic acid:

Isolated yield 52%. H NMR (CDsOD): 5 8.04 (d, J = 22.0 Hz, 2H), 7.97 (dd, J =
13.0, 22.0 Hz, 1H), 7.49 (dd, J = 5.0, 22.0 Hz, 1H), 7.26-7.22 (m, 2H); *C NMR (CDsOD): 5
171.1, 151.2, 133.2, 132.9, 131.0, 128.6, 125.8, 123.3, 120.9, 117.9, 117.7, 115.7, 115.4; HRMS
(ESI-TOF) m/z: [M + 1]* calcd for C13HsBCIFNO,S 308.0115, found: 308.0118.

Compound 49, (2-(5-chlorobenzo[d]thiazol-2-yl)-4-methoxyphenylboronic acid:

Isolated yield 74%. *H NMR (CD3OD) & 8.01 (s, J = 8.8 Hz, 1 H), 7.97 (s, 1 H), 7.46 (dd,
J=8.8,20Hz,1H),7.41(s,1H),7.39(d,J=8.4Hz 1H),7.15 (dd, J = 8.4, 2.4 Hz, 1 H), 3.90
(s, 3H); BC NMR (CDs0D) 6 173.0, 161.8, 154.1, 137.7,134.7, 133.9, 133.8, 127.0, 125.7, 124.5,
122.8, 117.9, 113.7, 55.9; HRMS (ESI-TOF) m/z: [M + 1]* calcd for C2oH1sBCINO3S 320.0241,
found: 320.0303.

Compound 50, (2-(5-(trifluoromethylbenzo[d]thiazol-2-y)phenyl)boronic acid:

Isolated yield 56%. *H NMR (CDzOD): § 8.24 (d, 1 H), 8.22 (s, 1 H), 7.93 (d, 1 H), 7.71
(d, 1 H), 7.60-7.48 (m, 3 H); *C NMR (CDsOD): § 173.4, 153.2, 140.0, 136.0, 132.6, 132.5, 130.5,
130.2, 128.5, 124.6, 122.8, 122.8, 120.1, 120.0; HRMS (ESI-TOF) m/z [M+1]* calcd. for
C14H9BF3NO,S 324.0399, found 324.0474.

Compound 51, (5-methyl-2-(5-(trifluoromethyl)benzo[d]thiazol-2-y)phenyboronic acid:

Isolated yield 56%. ‘H NMR (CDsOD): §8.21 (s, 1H), 8.19 (s, 1H), 7.80 (d, J = 8 Hz), 7.69
(d, J=8.4Hz, 1H), 7.33 (d, J = 8 Hz, 1H), 7.309 (s, 1H), 2.43 (s, 3H); 13C NMR (CDs0D): §172.0,
1425, 138.7, 132.0, 131.9, 129.7, 128.5, 127.3, 123.1, 122.7, 121.3, 118.8, 20.2. HRMS (ESI-

TOF) m/z [M+1]* calcd. for CisH11BFsNO,S 338.1245, found 338.0632.
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Compound 52, (5-(trifluoromethoxy)-2-(5-(trifluoromethyl)benzo[d]thiazol-2-

yD)phenyl)boronic acid:

Isolated yield 58%. *H NMR (CDsOD): §8.27 (d, 1 H), 8.24 (s, 1 H), 8.06 (d, 1 H), 7.75,
(d, 1 H), 7.44 (d, 1 H), 7.38 (s, 1 H); *C NMR (CDsOD): §171.9, 152.8, 140.2, 134.76, 132.3,
130.8, 130.5, 130.3, 126.9, 124.8, 124.6, 124.2, 123.1, 122.3, 120.5, 120.1, 120.0; HRMS (ESI-
TOF) m/z [M+1]* calcd. for C1sHsBFsNOsS 408.0301, found 408.0302.

Compound 53, (4-(benzyloxy)-2-(5-(trifluoromethyl)benzo[d]thiazol-2-yl)phenyl)boronic

Isolated yield 74%. *H NMR (CDsOD): § 8.20 (s, | H), 8.19 (d, 1 H), 7.69 (d, 1 H), 7.47
(d, 3 H), 7.386 (t, 3 H), 7.32 (d, 1 H), 7.20 (d, 1 H), 5.184 (s, 2 H); 3C NMR (CDsOD): & 173.0,
160.8, 153.4, 140.0, 138.2, 137.5, 133.9, 130.5, 130.1, 129.6, 129.5, 129.0, 128.6, 128.6, 124.5,
124.2, 122.8, 122.7, 120.2, 120.2, 118.9, 115.2, 71.2; HRMS (ESI-TOF) m/z [M+1]* calcd. for
C21H1sBFsNO3S 430.0818, found 430.0895.

Compound 54, (5-fluoro-2-(5-(trifluoromethylbenzo[d]thiazol-2-y)phenylboronic acid:

Isolated yield 68%. H NMR (CDsOD): § 8.24 (d, 1 H), 8.22 (s, 1 H), 7.98-7.95 (m, 1 H),
7.71 (d, 1 H), 7.26-7.22 (m, 2 H); 33C NMR (CDsOD): 5 171.1, 138.6, 130.9, 129.3, 123.3, 121.5,
118.4, 118.0, 117.8, 115.7, 115.5; HRMS (ESI-TOF) m/z [M+1]* calcd. for C14HsBFsNO,S
342.0305, found 342.0378.

Compound 55, (4-methoxy-2-(5-(trifluoromethylbenzo[d]thiazol-2-y)phenyl)boronic

acid:
Isolated yield 94%. *H NMR (CD3OD): & 8.24 (d, 1 H), 8.22 (s, 1 H), 7.72 (d, 1 H), 7.45

s, 1 H), 7.41 (d, 1 H), 7.165 (d, 1 H), 4.85 (s, 3 H); 13C NMR (CDsOD): & 172.1, 159.6, 152.6,
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139.3, 136.6, 134.9, 127.6, 127.3, 123.9, 123.0, 119.4, 119.3, 116.0, 114.1, 55.4; HRMS (ESI-
TOF) m/z [M+1]" calcd. for C15sH11BF3sNO3S 354.0584, found 354.0586.

Compound 65, 4-(benzyloxy)-2-(5-chlorobenzo[d]thiazol-2-yI)-N-(p-tolylaniline:

A 10 mL vial containing arylboronic acid 47 (20 mg, 0.0506 mmol), p-toluidine (6.5 mg,
0.0607 mmol), NiCl2.6H.0 (1.3 mg, 0.0101 mmol), 2,2"-bipyridyl (1.5 mg, 0.0101 mmol), DBU
(15.3 mg, 0.101 mmol) and acetonitrile (2 mL) was stirred at room temperature under atmospheric
conditions. The progress of the reaction was monitored by TLC using EtOAc and n-hexane as
eluent. After completion, the reaction mixture was treated with EtOAc (5 mL) and water (5 mL).
The organic layer was separated, and the aqueous layer was extracted with EtOAc (3 x 5 mL). The
combined organic phase was washed with water (2 x 5 mL), dried over anhydrous Na>SOs, and
concentrated to yield a residue, which was purified by silica gel column chromatography using
hexane/ethyl acetate to yield a pale yellow oil (13 mg, 56%). 1H NMR (CDCI3): 6 10.1 (s, 1H),
7.99 (d, 1H, J = 5.0 Hz), 7.81 (d, 1H, J = 21 Hz), 7.50 (d, 2H, J = 18 Hz), 7.43 (t, 2H, J = 18 Hz),
7.38-7.35 (m, 3H), 7.32 (d, 1H, J = 21 Hz), 7.25-7.19 (m, 4H), 7.03 (dd, 1H, J = 7.0, 23.0 Hz),
5.11 (s, 2H), 2.36 (s, 3H); 3C NMR (CDCls): § 170.2, 154.3, 150.7, 139.2, 137.0, 132.4, 132.2,
131.7, 129.9, 128.6, 128.1, 127.6, 125.5, 122.3, 121.9, 121.7, 121.6, 120.4, 116.8, 115.8, 71.0,
20.8; HRMS (ESI-TOF) m/z: [M + 1]* calcd for C27H21CIN,OS 457.1163, found: 457.1141.

Compound 67, N-((2'-(benzo[d]thiazol-2-y1)-5'-(trifluoromethoxy)-[1,1'-biphenyl]-3-

y)methyl)-5-(2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)pentanamide:

A flame-dried, two-neck round bottom flask was charged with compound 41 (50 mg, 0.147
mmol), aryl halide 66 (45 mg, 0.11 mmol), flame-dried CsF (49 mg, 0.323 mmol), and Pd(PPh3)4
(8.5 mg, 7.3 x 10" mmol) under argon atmosphere. Distilled DME (8 ml) was added and after

immediate evacuation of the gas atmosphere in the flask via a vacuum pump, the reaction mixture
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was stirred overnight at reflux temperature under argon. After stirring overnight, TLC
(DCM:MeOH = 20:1) showed full consumption of the starting materials. The reaction mixture was
cooled to room temperature and diluted with water (15 mL). The residue was extracted with ethyl
acetate (2 x 50 mL) and the organic layers were combined and washed with water (1 x 20 mL),
1N NaOH solution (1 x 5 mL), water (1 x 30 mL), and brine (1 x 20 mL). The organic layer was
then dried over NaxSO4 and evaporated in vaccuo. The brown/yellow residue was purified via
silica gel flash column chromatography (eluent DCM: MeOH= 200:1; 100:1; 50:1; 30:1) to give
55 mg of an off-white solid (85% yield). *H NMR (CDsOD): § 8.13 (d, J = 8.8 Hz, 1H), 7.98 (d,
J=8Hz, 1H), 7.82(d, J =8 Hz, 1H), 7.53 — 7.48 (m, 2H), 7.39 (t, J = 7.2 Hz, 1H), 7.38 — 7.33
(m, 3H), 7.27 (s, 1H), 7.21 — 7.18 (m, 1H), 4.44 (dd, J1 = 4.4 Hz, J, = 4.8 Hz, 1H), 4.33(d, J =
2.4 Hz, 2H), 4.22 (dd, J1 = 4.4 Hz, J, = 4.4 Hz, 1H), 3.12 — 3.07 (m, Hz, 1H), 2.87 (dd, J1 = 5.2
Hz, J, = 4.8 Hz, 1H), 2.67 (d, J = 12.4 Hz, 1H), 2.08 (t, J = 7.6 Hz, 2H),1.69 — 1.53 (m, 5H), 1.39
— 1.31 (m, 2H); 3C NMR (CD3OD): & 174.4, 166.6, 164.6, 152.2, 150.1, 143.9, 139.5, 138.9,
136.2, 132.1, 131.1, 128.6, 128.5, 128.1, 127.5, 126.2, 125.3, 122.6, 122.5, 121.8, 121.3, 119.7,
61.9, 60.2, 55.5, 42.3, 39.6, 35.2, 28.3, 28.0, 25.3. HRMS (ESI-TOF) m/z [M+1]* calcd. for

Cs1H29F3N403S, [M+H]" 627.1704, found 627.1710.
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APPENDICES

Appendix A NMR data for the compounds described in Chapter 1
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Time 9.56
INSTRUM spect
PROBED 5 mm PABBO BB
PULPROG 24930
™ 65536
SOLVENT coci3
NS 16
o8 2
SHH 8012.820 Hz
FIDRES 0.122266 Hz
14g (BW-AQ-199) i AQ 4.0894465 sec
RE 181
oW §2.400 usec
3E 6.50 usec
TE 296.4 K
51 00000000 sec
OO 1
{ CHANNEL £1
sFol 400.1424710 MHz
NuC 1K
Pl 12.55 usec
PLWL 16.00000000 W
Processing parameters
i 65536
| 409.1400093 MHz
| M
| 0
! 0.30 fuz
1 0
1.00
1
|
| L Ui ne
T T T T T T T T T T T T T
1 10 9 8 7 6 5 4 3 2 1 0 ppm
;/ ool oy o) )
8 3j§r§ﬁq gs 88 r;' 2
Sl -l =l ol o
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ABD-XII-55-13C-(11-30-15)

L .4

14g (BW-AQ-199)

T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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ABD-VI-145-(1H)-2
NOOHATMITNO O ~ YNT ™M o o
TONMMH—ADNIDNO © A~ NN @ N B u R
MeMOOOWYWNINMMNN SRS RS n (=}
o - ool ool ol wodll ol B el el ST — o
\\\W// \V Current Data Parameters
NAME ABD-VI-145-(1H) -2
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
L\ Date_ 20121202
0o 0 Time 14.39
INSTRUM spect
0 PROBHD 5 mm PABEC BB-
PULPROG 2g30
J\/Na TD 65536
” | SOLVENT cpcla
o) NS 16
| DS 2
14h (BW-AQ-159) SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 203
oW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
1
=sssss== CHANNEL fl ssssss==
SFO1 400.1424710 MHz
NUC1 1H
Pl 13.50 usec
PLW1 16.00000000 w
|
F2 - Processing parameters
| s1 65536
SF 400.1400000 MHz
WDwW EM
i | ssB 0
LB 0.30 Hz
o t J' GB 0
| { PC 1.00
| It
\ l . J e N N
I T 1 I I T T I I 1 I
1 10 9 8 7 é 5 4 3 2 1 0 ppm
8888 =23 R 8
L e e L e ©o o



ABD-VI-145-(13C)

e
sosi ¥

14h (BW-AQ-159)
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£ o)
BRUKER
L)

Current
NAME
EXPNO
PROCNO

F2 - Acq
ate_

PROBHD
PULPROG
0
SOLVENT
NS

DS

SWH
FIDRES

NUC2
CPDPRG(2
PCPD2
37

~

200 180 160

Data P.
ABD-V

uisition Parameters
20121129
10.13
spect
S mm PABEO BB-
jmod

4
24038.461 Hz
0.366798
1.3631488

145.0000000

2.00000000
0.00689655 s

CHANNEL f] ===s=ame
100.6253446 MHz
13c
9.00 u
18.00 u
62.00000000

CHANNEL f2 ==
400.1416006 MHz

1.00 Hz

1.40



AED—V—llS—lH(G:ﬁ—lS)

7.849
7.763
7.663
7.645
7.472
7.456

—10.77

%

A

(o]

SO0 2

o
16a (BW-AQ-116)

°

—5.746

4,314
4.069
4.054
4.036

4.017
4.002

%

2.500
1.833
1.817
1.800
1.787
1.770
1.754
1.0860
1.050

T3.371

|

Current Data Parameters

usec
usec

E
sec

MHz

usec

HAME ABD-V-113-1E(6-4-15)
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20150604
Time 12.38
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2g30

D 65536
SCLVENT DM30

NS 16

Ds 2

SWH 8012.820
FIDRES 0.1222686

AQ 4.0894465

RG 54

DW 62.400

DE 6.50

T2 296.0

DL 1.09000000
pyshi] 1
======== CEANNEL fl ===s=====
SFOL 400.1424710
RUCL 1H

Pl 13.55
PLW1 16.00000000

W

F2 - Processing parameters
SI 65336

SF
WowW
SSB
L3
G3
PC

W

400.1400028
EM

o
0.30

o
1.00

MHZ

Hz

167



ABD-V-113-13C(6-4-15)

LA
OO

(o]
16a (BW-AQ-116)

168

C><)
ROKER

Current Data Parameters

NAME ABD-V=-113-13C(6~4-15)
EXPNC 1
PROCNO 1

FZ - Acquisition Parameters
Date_ 201506C4
Time 12.41
INSTRUM spect
PROBHD $ mm PABBO BB-
PULPROG g30

D 536
SOLVENT DMSC

NS 314

DS 4

SWE 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 2C3

DW 2C.8C0 usec
DE 6.50 usec
TE 296.5 K
D1 2.000000C0 sec
D11 €.030C00C0 sec
D0 1

CHANNEL fl s=mm=mmma
100.6253441 M=z
13¢
9.C0 usec
62.000000C0 W
CHANNEL f£2
400.14180C6 ¥
10
waltzlé
90.00 usec
000C00C0 W
362670C0 W
293760C0 W

-

coo

F2 - Processing parameters

sI 32768
SF 100.6152830 Mxz
" WDW EM
5SB 0
] LB 1.00 Bz
| GB 0
g 1.40

T T T T
200 180 160 140 120

T
100

T
80

T
60

T T

T
40 20 0 ppm
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ABD-V-115-1H(6-5-15)

.

~ SW— M T T ST R S HAINTTOOEAIN MO OO NN M

@ I R R AENMANSONM OO N®EE 9N T ™ BRU ER

. P Y S - R CCCOOMUNTRIVEE-FCODD20S

o L R e e e . P P

— Lo ol ol ol o i o B T e T T i g

‘ W% N NWM Current Data Parameters
NAME ABD-V-115-1H (6-5-15)
EXPNO 1
PROCNG 1

F2 - Acquisition Parameters

Date_ 20150805
Time 10.49
INSTRUM spect

PROBHD S5 mm PAEEC BB-

PULPROG zg30
TD 65336
SOLVENT DMs0
NS 16
Br oS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
RQ 4.0894485 sec
16b (BW—AQ—I 17) RG 101
LW 62,400 usec
DE 6.50 usec
1 TE 296.1 K
bl 1.00000000 sec
DD 1

| ==s===== CEANNEL f] ========
1 400.1424710 MHz
18
13.55 usec
16.07000000 W

F2 - Processing paramere'.a
&5

| SF 400. HOODSD MHz

a LB 0.30 H=z

4.33=
5.48 =




ABD-V-115-13C(6-5-15)

Ll

o
SoN
3 H

16b (BW-AQ-117)

L HLJH U

|

|

170

Current Data Parameters

NAME ABD-V-115~13C(6-5~15)
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20150605

Time 10.52
INSTRUM spect
PROEHD 5 mx PABBO BE-
PULPROG 2Q%

D

SCLVENT

NS

DS 4

SWE 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 2C

DW 20.8C0 usec
DE 6.50 usec
1E 296.5 K

Dl 2.000000C0 sec
P11 €.030000C0 sec
D0 1
wnnnusmm CHANNEL f1 s=mmmane
SFO2 100.6253441 MEz
NuCl 13c

Pl 9.00 usec
PLW. 62.000C00C0 W

NUC2 1
CPDPRG (2 waltzl6
PCPD2 90.C0 usec
PLW2 16.000C00C0 W
PLW12 €.362670C0 W
PLWi3 ©.293760C0 W
F2 - Processing parameters
SI 32768

SF 100.6152830 Mxz
WOwW EM
5SB 0

LB 1.C0 Bz
GB 0

PC 1.40

T T
200 180 160

T
120

T
0 ppm



ABD-VI-87-(1H)

171

~OMUWOVINOITMNM N O~ ~O NN (=
DT OWOODOWDOOO DO R N ] NDONONO (=3
MHOM~ONWOWN MmN N -0 OO OO O =) B u R
(<3 - Rl ol voll wof] ol ol il o o2 SITITmn A o
Current Data Parameters
NAME ABD-VI-87~-(1H)
EXPNO ¥
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120920
Time 11.01
INSTRUM spect
O O ©O PROBHD 5 mm PABBO BB-
PULPROG 2930
fo) kel 65536
SOLVENT €DCl3
J\/l NS 16
N DS 2
H SWH 8012.820 Hz
o FIDRES 0.122266 Hz
W- 118 AQ 4.0894465 sec
16¢ (BW-AQ-118) RG 203
oW 62.400 usec
| DE 6.50 usec
| TE 298.0
D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFOl1 400.1424710 MHz
| { 1 | NUC1 1H
Pl 13.50 usec
f PLWL 16.00000000 W
F2 - Processing parameters
\ ST 65536
| SF 400.1400071 MHz
il WDW EM
SSB 0
LB 0.30 Hz
| | GB 0
f' \ ] | PC 1.00
| [
(W {Ew]} U L JJK.JJ L ——
T T T T T T T T T T T T T
1 10 6 5 4 3 2 0 ppm
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ABD-VI-87-(13C) M

BRUKER

Current Data Parameters

NAME ABD-VI-87-(13C)
EXPNO 1
PROCNO 1

- Acguisition Parameters
te_ 20120924
ime 9.20
INSTRUM spect

o o 0 PROBHD 5 mm PABBO BBE-
PULPROG
QO =
)j\/| SOLVENT
NS
H DS
SWH
O FIDRES
16¢ (BW-AQ-118) 29
DwW us
DE us
TE 298.3 K
CNST2 145.0000000
CNST11 1.0000000
Dl 2.00000000 sec
D20 0.00689655 sec
TDO 1
~~~~~~~~ CHANNEL f]l ===m=ma=
SFO1 100.6253446 MHz
NUC1 13c
Pl 9.00 usec
B2 18.00 usec
PLW1 62.00000000 W
-------- CHANNEL
SFO2 400.
NUC2
CPDPRG([2 waltzlé
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W

F2 - Processing par.

200 180 160

eters

8
100.6152830 MHz
EM
0
1.00 Hz
o
1.40
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ABD-VII-7-(lH})col
FEMOTITNUNTSVOoOOODENNOoONOENYOoOOMENOoONMOn SO0 Oo -
Moo oOWw Ao NMYSrIOTFrMmAd o0 nFOTR~ONASA BRU ER
MEOC YN ONNDTFONOMNOON AAA A A DO NN DN A A AD
WO OO N A A A A A A A HO
&\M \W/ WJ W/ WM Current Data Parameters
NAME ABD=VII=T7=(1H)col
EXPNO 1
EROCNO 1
F2 - Acguisition Parameters
Date_ 20121209
Time 14.20
INSTRUM spect
9 0 PROBHD 5 mm PABBC BB-
PULPROG zg30
o ! ™ 83536
SOLVENT CDCl3
)J\/ NS 16
N DS 2
o H ! SWE 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0824465 sec
16d (BW-AQ-160) EG 203
| oW 62.400 usec
1 DE 6.50 usec
TE 297.% K
| Dl 1.00000000 sec
I DO 1

CHANNEL f1 ==
400.1424710 MHz
1H

13,50 usec
16.00000000 W

| FZ - Processing parameters
| SI 65536
! SF 400.1400006 MHz

\ [ 1 |‘ WDW EM
! ! 55B 0
| Ih ég . 0.30 Hz
” | l BC 1.00
S —h VAL \"A‘-‘———uk-————

10 6 5 4 3 2 1 0 ppm

" gddass i s
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ABD-VII-7-(13C)col

o)
BRUKER
(o5

Current Data Parameters

NAME ABD-VII-7-(13C)col
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20121209
Time 14.27
INSTRUM spect
O O © PROBHD 5 mm PABBO BB-
PULPROG jmod
™
o SOLVENT
J\/ NS
o FIDRES
AQ
16d (BW-AQ-160) &
oW
DE
TE 298.5 K
CNST2 145.0000000
CNST11 1.0000000
2.00000000 sec
0.00689655 sec
1
CHANNEL f1
100.6253446 M
13C
9.00 usec
18.00 usec
PLAL 62.00000000 W

wmmumume CHANNEL f2 =sswssmms
2 400.1416006 MHz
1H

CPDPRG[2 waltz1l6
PCPD2 90.00 usec
PLW2 16.00000000 W
W1z 0.36000001 W

- Processing parameters
3276

8
100.6152753 MHz
EM

1.00 Hz

T T T T T T T GB 0

200 180 160 140 120 100 80 60 40 20 0 ppmee 1.40
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770
156
151
807
789
602
582
572
567
562
298
277
492
481
473
462
141
125
110
095
078
228
217
210
198
128
110
091
074
057
967
957
950
940
932
1.922
915
905
265
261
129
110
091
079

NAME ABD-XIV-37- 1K- (11-25-15}
EXPNO
N0 1
¥Z = Acguisition Parameters
Date, 20151125
T 11.37
A speal
SBHD 5 mn PABBO BB-
PULPROG 2930
™ 65536
ChC13
o O 0 k 16
2
BCL2.820 Hz
0] 0.122266 Ez
4.CB94465 sec
Cl 1.8
N 62.400 usec
3 H 5.50 usec

298.0
1.00000000 sea

16 (BW-AQ-201)

= CHANMEL £1
400.1424

10 Miz

13,35 usec
16.00000000 W

ng parameers
6553

&5
400,1400024 Miz
M

0.30 Hz

1.00

_,_U“ | )

1M1 10 9 8 7
/
& 3.3.3*3 Ell Sl
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ABD-XIV-37-13C-(11-25-15)

Lo )
BRUKER
()

crent Data Parareters
ABD-XIV-37-13C-(11-25-15)

1

1

- Acquisition Parameters
20151125
12.00

5 mm PABBO

1, U

O O ©
SOW:
|
N c
0
16¢ (BW-AQ-201) :
c0cé
zocessing paran
3276
10C.515283C Mz
" EM
q ’ 1,00 Ez
N 1.40C
[ - I
T T T T T

T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



177

ABD-XIV-35-1H-(11-24-15) (—m
VNN TONMNMOCNROMNMVNIATNRNATNCOONANDOREND T O
CTMNACORNARVNNOODMNOROVNUITNNAANRNANAN A HODO® IE'IF‘!IL' Ii!li.
VA=A OONNDNNNODODONHATOODONNANNNNANWODODON-HHOOO
€ 0 O~~~ ~ ~

IS e e Ve

Current Data Parameters
NAME ABD-XIV-35-1E-(11-24-15)
EXPNO 1
PRCCRO i

¥2 = Acquisition Parameters
20151124

Date L
Time 11.25
INSTRUM spect
PROBHD 5 mm PABBO BB-
O 0 PULPROG zg30

(0]

™ 65536
SOLVENT cocls
lIIII[IIi: i | i
) 2
8012.820 Ez
Cl s 0.122266 Ez
N Q 4.0894465 sec
6
(o] i

62.400 usec

6.50 usec
- AO- 298.0 K
le(Bw AQ 200) ' 1.0C000000 sec
mammsmns CHANNEL £] wsmmmsms
SFOL 400.1424710 Miz
1 ‘I(_.'Cl 13

- Processing parameters
6

5536
400.140002% MHz
EM

6.30 Bz

1.c0

e ————
o

LU
T T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
\ /
8 (228 g (e Col:
o =N~ - L - ™M (@
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ABD-XIV-35-13C-(11-24-15)

g 0 0O
SO
HGI
(o]

16f (BW-AQ-200)

41 ME7

9.0
£2.0000600C

CHANNEL £2
400.141600

CPD2
PLWZ 1
PLW1Z2
PLW13

i

200 180 160 140 120 100 80

ppm



KCD-I-7-(1H)

—10.591
7.8717
7.873
7.843
7.690
7.672
7.654
7.506
7.502
7.488
7.483
4.089
4.073
4.057
4.047
4.031
4.015
3.914
3.899
3.884
3.349
2.905
2.889
2.874

o O 0
QLIS
o
o}

16g (BW-AQ-215)

:
<

LA

T—2.500

054
044
035

1.838
1.821
1.804
1.793
1.776
1.759
1.080
1.072
1.062

1
1
1

|

179

BS!-'I?ISQR

(>

Current Data Parameters

NAME KCD=I=T7=(1H)
EXPNO 1
FROCNO 1

F2 - Acquisition Parameters
Date_ 20151003

Time 14.19
INETRUM spect
FROEHD 5 mm FABBC BB-
PULPROG 2g30

0 63536
SOLVENT DMSO

NS 16

DS 2

SWH 8012.820 He
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 114

oW 62.400 usec
DE 6.50 usec
TE 295.4 K

Dl 1.00000000 sec
D0 1

HANNEL £1

SFO1 400.1424710 MHz
NUC1 1H

Fl 13.55 usec
FLW1 16.00000000 W

FZ - Processing parameters
SI 65536
400.1400028 MHz

SF

WDW EM
S5B (]

LB 0.30 He
GB 0

FC 1.00



KCD-I-7-(13C)

1

o 0
L

s}

16g (BW-AQ-215)

180

Co<)
BRUKER
(>

Current Data Parameters

NAME KCD-I-7-(13C)
EXPNO 1
PROCNO 1
F2 - Rcguisition Parameters
Datea_ 20151003
Time 14.27
INSTRUM spect
PROBHD 5 mm PABBC BB-
PULPROG 2gpg30
85536
DMS0
B 305
Ds &
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
G 181
DW 20.800 usec
DE 6.50 usec
TE 296.0 K
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1

NUCZ
CEDERG[2
PCPD2
PLW2
PLW12
PLW13

T T T
200 180 160 140 120 100 80 60 40 20

ppm

CHANNEL f1 =

CHRNNEL £2

100.6253441 MHz
13c
9.00 usec
62.00000000 W

400.1416006 MHz
1n
waltzlf
90.00 usec
16.00000000 W
0.36267000 W
0.29376000 W

3276

.6152830 MHz
EM

1.00 Hz

1.40



KCD-I-5-(1H)

—10.502

s

181

MM ANMO OO FOE ANNYOoONWoON NN o0 R e o h
AN NOMHAONFHNORO N AN O™
eSO NN A A A A A A A A

(>

Current Data Parameters

NV e S

z
|

NAME KCD-I-5-(1H)
EXPNO 1
FROCNO 1
F2Z - Acquisition Parameters
Date_ 20150928
0O 0 Time 13.26
INSTRUM spect
PRCBHD 5 mm PABBC BB-
o] PULPROG zg30
MCl ™D 65536
N SOLVENT DMS0
H NS 16
0 DS 2
SWH 8012.820 Hz
v FIDRES 0.122266 Hz
16h (BW-AQ-213) | AQ 4.0894465 sec
RG 128
oW 62.400 usec
LE 6.50 usec
TE 295.2 K
D1 1.00000000 sec
TDO 1
| HANNEL £1
SFOL 400.1424710 MHz
| I NUC1 1H
| Pl 13.55 usec
| ) FLWl 16.00000000 W
I | F2 - Processing parameters
| 51 65536
SF 400.1400030 MHz
WDW EM
| ssB 0
LB 0.30 Hz
GB ]

BC 1.00

0 ppm



KCD-I-5-(13C)

Lol

o)
LIS e
3 H

16h (BW-AQ-213)

BRUKER
(>

Current Data Parameters

CHANNEL f1 =
100.6253441
13c

9.00
62.00000000

182

NAME KCD=I=5=(13C)
EXPNO 1
BROCNO 1

F2 - Acquisition Parameters
Date_ 20151003
Time 13.36
INSTRUM spect
FROEHD 5 mm FABEG BB-
PULPROG zgpg 30

T. 65536
SOLVENT DMSO

NS 614

D3 4

SWH Z£038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec

G

oW 20.800 usec
DE 6.50 usec
TE 8 K
Dl 2.00000000 sec
D11 0.03000000 sec
DO 1

= CHANNEL f2 =
SFO2 400.14160086
Nucz 1H
CPDERG[2 waltzl6
BCPD2 20.00 usec
i. 16.00000000 W
D.36267000 W
0.29376000 W
F2 - Processing pa ters
S1I 32768
SF 100.6152830 MHz
WDW EM
SSB Q
LB 1.00 Hz
GB [i}
- - - - BC 1.40

200 180 160 140

80 60 40 20 0 ppm



‘(\CD—I—OS)—].H

TFOMNMITANOWAMOLOWVWAHASTCOCWAHNMN WO WD

NITLIO-O0ONDONNNHOONDOS T WO O O
OO0V XFVVIIITTTONMOMOA—AOO OO

Current Data Parameters

183

Hz
sec

usec
usec

sec

MHz

NAME KCD-I-09-1H
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
O O ©°O Date_ 20151012
Time 132285
INSTRUM spect
O‘O (e] PROBHD 5 mm PABEC BB-
PULPROG 2930
NJl\/OBn 65536
H SOLVENT DMSO
o} NS 16
DS 2
. SWH 8012.820
16i (BW-AQ-214) FIDRES 0.122266
AQ 4.0854465
RG
oW 62.400
DE 6.50
TE 296.0
D1 1.00000000
TDO 1
======== CHANNEL f1 ==
T SFOL 400.1424710
NUC1 1H
Pl 13.55
PLW1 16.00000000
| ! F2 - Processing parameters
s1 65536
1 ] SF 400.1400000
| | WDW EM
| f ssB 0
| LB 0.30
\ GB 0
_J ! | ! BC 1.00
\ lu_ (Y R
T T T T T T T T T T T T
1 10 9 8 7 6 5 4 3 2 0 ppm
‘I -
2 3RAGIAN | R ]
= Slvlailv /ol ailc|ele -

usec
W

MHz

Hz



KCD-I-09-C-f

RS2 \W

T o
sosh N

16i (BW-AQ-214)

T T T T T T
200 180 160 140 120 100 80

60

ppm

184

Co5¢)
BRUKER
D5

Current Data Parameters

NAME KCD-I-09-C-f
EXPNO
PROCNO 1
F2 - Rcquisition Parameters
Date_ 20160106

ime 14.04
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT DMSO
NS 378
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
oW 20.800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1 =

100.6253441 MHz
13¢C

9.00
62.00000000 W

= CHANNEL f2 =

SFO2 400.1416006 MHz
NUC2 1H
CPDPRG (2 waltzl6é
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36267000 W
PLW13 0.29376000 W

F2 - Processing parameters
SI 32768

SF 100.6153311 MHz
wDW EM

SSB 0

LB 5.00 Hz
GB 0

PC 1.40



IO O\LO
O3
NJI\,Na
o H

16j (BW-AQ-156)

4.209
4.107
4.096

L
X

2.191
1.958
1.940
1.923
1.906
1.890
1.800

¢

e S 1000 | ) £25 |

mn 0 O —
8823 BRO
Nre-r~<O
e

\

0 ppm

185
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ABD-VI-89-13C(11-5-15)

LA
Ok
NN
I H

TNSTRUM
16j (BW-AQ-156)

T T T
200 180 160 140 120 100

80 60 40 20



ABD-VII-13-1H(7-7-15)
o

™~ W) o= O W0 TR 00 Y [0 [=]
w VM O ™M OG- O O = ™

. WWWOWWWOTMMmMm M o~ ™
o L . .
— Lol e T T o e e T o T o W Tp ) =+

OBn O OBn

sosNy

18a (BW-AQ-126)

A Ml ._J!L___,JL_JJ\J A

—3.367

—2.499

187

Current Data Parameters

HAME ABD-VII-13-1lH(7-7-15)

EXPNG 1

PROCKO 1

Fz - Acquisition Parameters

Date_ 201507C7

Time .

INSTRUM spect

PROEHD 5 mm PABBO BB=-

FULFROG 2930

) 65336

SOLVENT DMSC

NS 16

Ds 2

SWE 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 20.5

DW 62.4C0 usec

DE €.50 usec

B 2%6.8 K

Dl 1.000C00C0 sec

oo 1
CHANMEL f1 =

400.1424710
1H

13.55 usec
16.000C00C0 W

F2 - Processing parameters
65536

5L 3

SF 400.14C002% MEz
WDH EM

S5 o

LB 0.30 Hz
GB o

PC 1.co

-
-]
-
ury
-
o
w
@
-
o
o

ppm
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ABD-VII-13-13C(7-7-15)

BROKER
(25

Current Data Para
NA! ABD-VII-
EXP)
PROCNO

F2 - Acquisitior
Date, 2

OBn O OBn Time

Cl INSTRUM
A
O

PROBED 5
18a (BW-AQ-126)

LPROG

OLVENT

24038,4
0.366798

62.00000

=== CHANNEL 2 ===s=s==

Processing parameters
32768

1€0.6152830 MHz
EM

I

T T T T T T T T T

200 180 160 140 120 100 80 60 40 20 0 ppm



ABD-VI-101-1H(11-4-15)

189

=)
FOMOWVWFROA0OMOANTOONOF AWM FTOWN A
OO E YN PNMOC M CONDR-VDITONONO SO ® BRUKER
£ 00 00 0D~ [~ [~ OO DD D W T T MMM MMM MO0 MW O
B e T R R ]
‘\t% W‘V/ \!// Current Data Parameters
NAME AB3-VI-101-1H (11-4-15)
EX 1
FROCNO 1
F2 - Acquisition Parameters
OBn O OBn Sate_ 20151104
Time 11.25
I TNSTRUM spect
PROBED 5 mm PABBO BB
PULPROG 2g30
™ 65536
H 8] SOLVENT DMSO
W5
0 os
SWH HZ2
18b (BW-AQ-129) FIDRES Hz
AD sec
RG
2
TE K
2 sec
™00 1
mmmmmmme CHANNEL £1 == -
160. 1424710
18
13.55 usec
16.00000000 W
Frocessing parameters
£5536
460.1400032 Mz
]
0.30 Hz
I‘ h 0
‘ | 1.00
|
A UVU L A
T T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
" L
)
) (10| ]~
o ~|OlN == N -
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ABD-VI-101-13C(11-4-15)

ata Paramete
A3D-VI-101

OBn O OBn
0L C
N (0}
(o)

18b (BW-AQ-129)

T T T T T T T

200 180 160 140 120 100 80 60 40 20 0 ppm



ABD-VI-19-1H(6-30-15)
OMAOFONONDY AN O AT A NOMONNADON A AO AT O
FEON AP0 N AN COOONOE NN WO SNT A0 o
r—r-r—r—r—r-r—r—r—r—r—hr—r—r—r—r—r—r—r—\bwww\owmwmmmmmmmmm
Current Data Paraneters
HAME ABD-VI-19- 6730 15)
EXPNO
OBn O OBn PROCKO 1
FZ - Acquisition Parameters
= | Date_ 20150630
10.52
spect
N™ 0 PROHD 5 mm EABBO BB-
H PULPROG zg30
o] 65536
rcmu" DMS0
18¢c (BW-AQ-128) NS 16
DS 2
SWE 8012.820 Hz
FIDRES 0.122266 Hz
ag 4.0894465 sac
RG 114
DW 62.4C0 usec
DE 6.50 usec
TE 296.5 K
D1 1.000C00C0 sec
DO 1
CHAKNEL f1
400.1424710 M
1H
13.55 usec
16.00060000 W
F2 - Processing Oﬂldm?tét"
51 6553
SF 400. 4cno:u MHz
WDH
558 o
LB 0.30 Hz
GB 0
BC 1.60
1 ] ! |
| i
l Mo
] i e / "
T T T T T T | | T T T T T T
12 11 10 9 4 3 2 1 0 ppm

191
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ABD-VI-19-13C(6-30-15)

OBn O OBn

18¢ (BW-AQ-128)

T T T T T T T

200 180 160 140 120 100 80 60 40 20 0 ppm
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Data Parameters
MAME ABD-VI-15-1H-{12-11-15)
EXENO 1

PROCHO 1
F2 - Acquisition Parameters

OH O OBn Dat 2015121

ime 10.04

Br specl

PROBHD 5 mm PAEBO EB

PULPROG 2q30

o 65536

H 0 SOLVENT DMSO

O 5 16

2
B8012.820 Hz
0.122266 Hz

4.0894485 sec
144

18d (BW-AQ-127)

0 usec
50 usec

1.00000000 sec
1

CHANMEL 1
400.1424710 Mz
¥

13.55 usec
16.00000000 W

F2 - Processing parameters

8L 65536

SF 400.1400031 MHz
EM

| LB 0.30 Hz

PC 1.00

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm

8 i S[82=15 g |8
(=] (=] SN MmN~ - o
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ABD-VI-15-13C-(12-11-15)

OH O OBn
Br
CLI L
o H
18d (BW-AQ-127)
IO T N T T

T T T T

T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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-15-C0SY-(12-11-15) oH O OBn
ooNs B R
H Q
(8]

18d (BW-AQ-127)

ppm
R 5.0
(]
— ]
-5.5
_ [ |
6.0
6.5
-7.0
-7.5
a F2 - Processing
[ Lgo = i=
ﬂ PC 1.40
T T T T T T T 8.5 v

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 ppm
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OH O OBn
ABD-VI-15-HMBC-(12-11-15) O.O Br
o
o
1 18d (BW-AQ-127) |
4

p— .

= [] ¢

— LA}

] L]

——% { ot 0

— o

i o [

— L]

L 2

i
o

— P9 . . 160

— L]
i

- - 180

] L o
i

T T T T T T T
115 11.0 105 100 95 90 85 80 75 7.0 65 60 55 50 ppm
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ABD-VI-15-HSQC-(12-11-15)

ot o om >
. R
‘ . ‘ NTTo
0 :
18d (BW-AQ-127)

B o
— o
= =
= =
— @
- )

T T T T T T T T T T T T T T T T T T T
85 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 6.7 6.6 ppm = e
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0 m
A ek BRU R
L= T T T T T T T S S R S
—

Curren:t Data Paranet

s
(10-27-15)

NAME ABD-VII-33-1
EXPNO 1
PROCNO h
¥2 = Acguisition Parameters
OBn O OBn date 20251021
1C0.c0
spect
o 5 mn PABBO BB-
Jl\/ 2930
65536
N N3 DMSO
H 16
(o] 2
8012.820 Ez
18¢ (BW-AQ-162) 0.i23265 bz

4£.0B94465 sec
161
62.400 usec
6.30 usec
296.0 K
1.00000000 sec

mmmmumse CHANNEL £] smmsmasn
400.1424710 Mz
1

13.35 use:
16.000000C0 W
F2 - Processing parameters

65536
400.1400030 Mz

£

0.30 Bz

1.00

1 10 9 1 0 ppm

0.92
0\ o
221%-
557,
6.66/
~
o
2.00\
2.00/
o
194
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ABD-VII-33-13C-(10-27-15)

OBn O OBn
LIS
N)J\/NS
o) H

18e (BW-AQ-162)

T T T T

200 180 160 140 120 100 80 60 40 20 0 ppm



BABD-VII-113-1H(6-18-15)
uy

10.81

o]
21a (BW-AQ-124)

200

-0.015
o
o
=
m
7

Current Data Parameters

NAME ABD-VII-113-1E{é-18-15)

EXPNO 1

PROCNO 1

F2 - Acquisition Parameters

Date 2015061

Time 11.34

INSTRUM spect

PROBHD 5 mm PAEBO BB

PUTPROG

™0

SOLVENT

NS

28 2

SWH B012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

G 101

oW 62,400 usee

2E & usec

TE 29 3

o1 1.0000C000 sec

™ 1
CHANNEL f1

SFol 400.1424710 Mz

NUC1 1K

PL 13.55 usec

PLWl 16.0000C000 W

¥2Z - Processing pazameLers

SI 65536
SF 400.1400026 MHz
WOW
553 [
LB 0.30 Hz
GR o
PC 1.00
I
|
I I
0 ppm



ABD-VII-113-13C(6-18-15) M
gocay

Current Data Pa
NAME ABD-VII

Acqulsiticn Parameters
2 6

Na\L Ns\L =k
O O ©
(LS
”/U\/CI
(o]

21a (BW-AQ-124)

§2.0000000

CHANNEL £2 ==
400.1416006

I |

T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

201



ABD-VII-115-1H(6-22-15)

o

- CFODOTTO ROORHDE N SO0 T o
<} == ) Wi o0 AN G 3
. OWOM0WE OO0 D00 W00
o R
— [ o o e e R I R R N B N ]

SOW '
v

0
21b (BW-AQ-140)

BMR

Current Data Parameters

HAME ABD-VII-115 1E{6 22
EXENO L
FROCNO 1

F2 - Acquisition Parameters

12 1 10

9 8 7
W 4
g geie TeEs

Date 20150622

Time 1.30

INSTRUM specl

PROBHD 5 mm PABBO BB

PULPROG 2g30

™ EE53E

SOLVENT D¥S0

5

o8 z

EWH B012.820 Hz

FIDRES 0.122266 Hz

.’\Q 4.0894?6? sec

oW 62,400 usec

ol 6.50 usec

TE 298.0 K

o 1.00000000 sec

DO 1

CHARNEL £1

SFO1 400.1424710 MHz

Nye 1K

|23 13.55 usec

PLW1 16.00002000 W

¥2 - Frocessing parameLers

51 65536

EF 400.1400031 MHz

WDW E

558 o

LB 0.30 Hz

GB o

P 1.00
ppm

202

15}
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ABD-VII-115-13C(6-22-15) M

Current Data Para
AME ABD-VII-1

F2 - Acguisliticn Parameters
20 4

NS\L NQ\L
O O ©°
QoW
N/U\/Ns
o H

21b (BW-AQ-140)

CHANNEL
100.62

T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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. Data Farareis
ABD-VUIT-23-1EC (11-11-15)
1

1

hoquisition Parameters
20151111

I ) ime 9,40
NE spect
PROBHD 5 mm PARRO BB
PULPRCG 2q3C

ki)
SOLVENT DMSO

SOW: | :
Swi 2.820

S
H 1

0 52.400 usac

6.50 usec
23a (BW-AQ-161)

CHANNEL £1
400.142471C MHz
18

13.55
15.C0CECCEC W

F2 - Processing paramecers
51 65536

SF 400.1400012 MHz
WOW EM
588 ]

LE €.30 Hz
GB 0

rc 1.60

| 1
I
l L L I
8 7 6 5
\ P
9 R EER A @




ABD-VII-23-13C (11-10-15)

\ Ve W
\L j
O O ©
4O0W
,ﬁ‘J\/CI
o
23a (BW-AQ-161)
L o Jll m “ e
T T T T T T T T
200 180 160 140 120 100 8 60 40 20 ppm

itior

Parar
1

205



ABD-VII-25-(1H)

—9.508

23b (BW-AQ-163)

—3.352
—2.498

206

Current Data Parameters

NAME ABD-VII-25-(1H)
EXPNO 1
PROCNO 1
Fz - Acquisition Parameters
Date_ 20130123
Time 13.10
INSTRUM spect
PROBHD 5 mm PABBC BB-
PULPROG 2g30
TD 85536
SOLVENT DMS0
NS 16
DS 2
SWH 8012.8B20 Hz
FIDRES 0.122266 Hz
A 4.0894465 sec
RG 161
oW 62.400 usec
DE 6.50 usec
TE 294.5 K
Dl 1.00000000 sec
TDO 1
HANNEL £1

SFOL 400.1424710 MHz
NUC1 1H
Pl 13,50 usec
FLwWl 16.00000000 W
FZ - Processing parameters
5I 65536
P 400.1400017 MHz
WDW EM
558 ]
LB 0.30 Hz
GB a

[ PC 1.00

T T

0 ppm
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ABD-VII-25-13C(11-6-15)

\L ﬁ\
O O ©
QOO S
NJJ\/I
o) H

23b (BW-AQ-163)

| W

T T T T T J
200 180 160 140 120 100 80 60 40




ABD-VII-27-(1H)
~

u O W
= o 0 O
n ~ 9w
o

L]

LA

o]
L
o H

6.161
6.133
6.126
6.099
6.093
5.724
5,680
5.636
5.365
5.335
5.307
4,731
—3.363
—2.504
-0.002

T~6.063

/
%

208

Current Data Parameters

NAME ABD-VII-27-(1lH)

EXPHO 1

FROCNQ 1

FZ - Acquisition Parameters

Date_ 20130123

Time 13.21

INSTRUM spect

PROBHD 5 mm PABEC BB-

PULPROG zg30

TD 83536

SOLVENT DMS0

NS 16

Ds 2

SWH BOL2.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 144

oW 62.400 usec

DE 6.50 usec

TE 294.5 K

Dl 1.00000000 sec

TDO 1
HANNEL £1

SFOL 400.1424710 MHz

NUCL1 1H

Fl 13.50 usec

FLWl 16.00000000 W

F2 - Processing parameters

s8I 65536

SF 400.1395950 MHz

WoW EM

S5B 1]

LB 0.30 Hz

GB 0

FC 1.00

23¢ (BW-AQ-164)
|
w
|
A _JbL-
1 1 I I
11 10 9 8
A
2 3/&

ppm
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ABD-VII-27-13C-(11-12-

\\L \\L
0 0 ™o
(I I8
NJK/NE
I i

23¢ (BW-AQ-164)

200 180 1 60 140 120 100 80 60 40 20 0 ppm
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ABD-VII-139(1H)

WW AN T W0 OTOEANDOW AN T AT
MOUASO™NNNM-W MA@ NN O
CSRERLAB8RS JodooNnuaamaBaaS BRUKER
0 00 [~ [~~~ [~ [~ M~~~ B T I T R I R R T R
W// \l\v/’ W/ / Current Data Paramsters
NAME ABD-VII-1339(1H)
EXFNO 1
BROCNO 1
F2 - Acquisition Parameters
! Date_ 20130509
Time 9.51
INSTRUM spect
o 0 PROBHD 5 mm PABEC BB-
PULPROG 2g30
0 TD 65536
’”\\/ SOLVENT €DCl3
Cl NS 16
N oS 2
H SWH 8012.820 Hz
O FIDRES 0.122266 e
A AQ 4.0894465 sec
25a (BW-AQ-17T) RG Te1
oW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
DO 1
CHANNEL f1 = =
400.1424710 MHz
| 1H
13.50 usec
16.00000000 W
F2 - Processing parameters
51 65536
| ] SF 400.1400078 MHz
WDW EM
] | SSB 0
1 ’ | [ LB 0.30 Hz
GB 0
I ! L FC 1.00
1 | J . L«_ R

[-2]
w
£
w
R
-
(=]

ppm

0.97
1.00°_
1.035_ ®
1.08°—
1.01/_
094/
2.04 =
4.09

212

12.58
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ABD-VII-139-13C-(11-25-15)

L
sosh ¥

25a (BW-AQ-177)

T T T T

T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



ABD-VII-141-1H

25h (BW-AQ-183)

212

NO0OO0O=HTOMNMEWOOITMNMME>WOUENOWM O
FEAOACOVONTNNN—AONVOONITANNOO
CONDVONNNNNNNNNAN A e BRu ER
SLOOMNNNNNNNNNNAAAAAA A A A

NAME
EXPNO 1
PROCKO 1
¥2 - Acquisition Parameters
Date 20151202
Time 12.19
INSTRUM spect
PROBHD 5 mn PABBO BB-
PULPROG 2930
65536
cpcl3
16

H
8012.820 Ez
0.122266 Ez

4.0B94465 sec

62.400 usec
§.30 usec

298.
01 1.00000000 sec
™00 1

CHANNEL £1
400.1424710 Mz

13.55 usec
26.00000000 W

ing parameters

65536
400.1400029 MAz
EM

0.30 Bz

1.00

1 T 1 T T 1 T T T T T T 1

1 10 9 8 7 6 5 4 3 2 0 ppm
2 Ségﬁg ES -~ 8
S| ||| —|— o o ©
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ABD-VII-141-13C-(12-1-15)

L

QL8
N

o H

25b (BW-AQ-183)

T T T T T T T T

200 180 160 140 120 100 80 60 40 20 0 ppm
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ABD-VIII-9(1EH)

NISITNOOOONHA O ANV ANMNTOTTHTNO MWD

N T COWOWWNO ™ N LOLITELNONOMNNONAO B R

TACCOWODOLODNNN M AOANDVDOOANANNNNNN At
MOMMOOMOANNNNNNNNAAAAA

/
/
§
\

Current Data Parameters

NAME ABD-VIII-9(1H)
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130531
Time 13.09
INSTRUM spect.
PROBHD 5 mm PABBO BB-
PULPROG 2930
o o 0 TD 65536
SOLVENT cpcl3
(o] NS 16
DS 2
N cl SWH 8012.820 Hz
FIDRES 0.122266 Hz
o) H AQ 4.0894465 sec
RG 128
bW 62.400 usec
25¢ (BW AQ—I76) DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
| TDO 1
CHANNEL f1 == =
400.1424710 MHz
1H
13.50 usec
16.00000000 W
| F2 - Processing parameters
SI 65536
SF 400.1400000 MHz
1| WDwW EM
o ! SSB 0
| LB 0.30 Hz
GB 0
| \ PC 1.00
u e I NN
T T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
8888838 s B B [RS8
P= ) i ) wi o o e




ABD-VIII-9-13C-(11-25-15)

0o 0 0
LS
.
I H

25¢ (BW-AQ-176)

215

™9

gl

T

T T
200 180 160 140

T
120

T
100

T

80

60 40

20



ABD-VIII-T7(1H)

CFOALDOFON ANNENT AN FTOOUWNSNNWO DT AOC TN
CWWLWoOONFNDOTFTNARNDWACT OO ASDD0W NSO AW N
OA A0 00NN IFIONNARAADTRADNNNINNNNNNNO N A A
wer~cCC~CNCCCEEEE T TN NN NN A A

216

Current Data Parameters

NAME ABD-VIII-T7 (1H)
EXPNO 1
PROCNO 1
| F2 - Acquisition Parameters
[ Date_ 20130527
Time 15.13
INSTRUM spect
o O O PROBHD 5 mm PABEC BB-
FULPROG 2g30
0 TD 63536
SOLVENT cocla
JHNU,OBH s 16
N DS 2
o H SWH 8012.820 He
FIDRES 0.122266 He
25d (BW-AQ-178) AQ 4.0894465 sec
RG 114
DW 62.400 usec
DE 6.50 usec
TE 298.
Dl 1.00000000 sec
TDO 1
HANNEL £1
SFOL 400.1424710 MHz
1 NUC1 1H
F1 13.50 usec
| FLW1 16.00000000 W
FZ - Processing parameters
ST 63536
. i SF 400.1400000 MHz
[ | WowW EM
1 S5B 0
) ! ' ! ‘ LB 0.30 Hz
GB [
; 1 FC 1.00
] j'
N .
T T T T T T T T T T T T T
1 10 9 8 7 6 5 4 3 2 1 0 ppm
& |8[3[=[%|% 5| (82 2 =
Q |r|r|r|olr~ o~ o=t o™ 2



ABD-VIII-7-13C-(11-25-15)

G,

CLID S
NK/OBn

o) H

25d (BW-AQ-178)

217

- Acquisition Para

201511
17

1
W1 62.000

=s== CHANNEL
£

200 180 160 140

T

120

T
100

T

80

60

40

20 0 ppm
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3923
3.907
3.898
3.882
3.691
3.676
3.661
2.691
2.673
2.656
2.259
2::255
2.243
2.226
2.210
1.692
1.270
1.131
1.126
1:11S

1.109
0.015
0
(=

S e Y

cent. Data Parareiers
ABD-VITI-11-1E-(11-23-15)
1

1

F2 - Acquisition Parameters

Date_ 20151123
Time 11.07
INSTRUM spect
PROBHD 5 mm PABBO BB
PULPRCG >
(o] o} (0] ™ 5
SOLVENT
NS
‘O i o
Swi
Jk/\/cl I FIDRES
A0
N A
fo) oW 62,400 usec
DE 6.5C uaec
TE 298.0 K
25¢ (BW-AQ-212) 01 1.c0cC0CCC sec
D9 1
CHANNEL £1
SFO1 400.142471C MEz
Nuch J
Pl 13.55 usec
PLWI 16.00CC0C00 W
F2 - Processing parameters
s1 5536
SF 4001400018 MEz
WOW EM
558 0
L .30 Kz
GB 9
| PC 1.60
[
[ !
( 1
|
I
‘ |
| | e
) A/ —
I I T T T 1 T 1 T T T T I
1 10 9 8 7 6 5 4 3 2 1 0 ppm

96
90
00
99
95,
71
3.96
1.99
95
07
12.65
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ABD-VIII-11-13C-{11-23-15)

C- (11-23-15)

T,

0o o o
O
NN
I H

25¢ (BW-AQ-212)

T T
200 180 160 140 120 100 80 60 40 20 0 ppm



KCD-I-43-H

0 o0 o
(TS
N)k,q
I H

27a (BW-AQ-181)

T
1 10 g 8 T 6

.0€
1.31

i
05
095

2.15
4.37,

[

.19
.33
.40

Lo ol

12

ppm

Current Data Parameters
NAME

KCD-I-43-H

220

Hz
Hz

usec
usec

=

sec

EXENO 1
PROCNO 1
F2 - Acquisition Parameters
Date 20151201
Time 19.10
INSTRUM spect
PROBHD 5 mm PRBBOC BB-
PULBROG 2930
b 65536
SOLVENT coC13
N3 16
DS 2
SWH 5012.820
FIDRES 0.122266
AQ 4.0894465
RG 12
DW 62.400
DE 6.50
TE 288.0
D1 1.00000000
TDO T

= CHANNEL f1

400.1424710
1H

13.55
16.00000000

F2 = Processing parameters
SI 36

sSP
WOH
SSB
LB
GB
BC

400.1400000 MHz

EM
o

0.30
o

1.00

Hz



KCD-I-43=C

221

Y =

Current Data Parameters

NAME KCD-I-43-C
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20151201
Time 15.30
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zZgpg30
0 O O D 65536
SOLVENT CDCl3
NS 191
Ds 5
O‘O k/CI SWH 24038.461 Hz
N FIDRES 0.366798 Hz
H .t 1.3631488 sec
o) RG 128
oW 20.800 usec
27a (BW-AQ-181) DE 6.50 usec
TE 298.0 K
Dl 2.00000000 sec
D11 0.02000000 sec
TDO 1

Ll I
200 180

1 1
160 140

1
120

1
100

80

60

40

20

ppm

NUCZ
CPDPRG [2
PCED2
PLWZ
PLW1Z2
PLW13

CHRNNEL f1 =
100.6253441 MHz
13¢

9.00 usec
€2.00000000 W

CHANNEL £2 =
400.1416006 MHz
1H
waltzlé
.00 usec
16.00000000 W
0.36267000 W
0.29376000 W

F2 - Processing parameters

32768
100.6152830 MHz
(]
1.00 Hz
o
1.40
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ABD-VII-133(1H)F1
W~ O =00 WWLW0Y - TRANTOOTOWARAMOVOLANL O LWD
NI AN AN T O ® HOOWILTONYWNORNCOVWM—=HO®IN M~ O ©
FeHO~OOOWOOMNN NMHAAAO~OO0OONNNWDD MM~ NO N B u R
€ 0 F~ £~ 0~ 0~ 0~ 0~~~ o

Current Data Parameters
NAME ABD-VII-133(1H)F1
1

EXPNO

PROCNO 1

F2 - Acquisition Parameters

Date_ 20130428
16.13

Time
o o 0 INSTRUM spect

PROBHD 5 mm PABBC BB-

(o] PULPROG 2g30
™D 65536
Br SOLVENT cpcl3
N NS

16
o) H DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
27b (BW-AQ-180) AQ 4.0894465 sec
RG 128
I oW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1424710 MHz
NUC1 1H
Pl 13.50 usec
PLW1 16.00000000 w
F2 - Processing parameters
| SI 65536
SF 400.1400000 MHz
| \ WDW EM
| \ SsB 0
| LB 0.30 Hz
1 Vg ] | GB 0
I PC 1.00
U ) | ﬂ L
T T T T T T T T T T T T T
11 10 9 8 : 6 S 4 3 2 1 0 ppm
8 Ssé.?-’ ] ﬁ& Ri3[e 03 |8
S| || ||| e o oN| o i
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ABD-VII-133-13C-(12-1-15)

Acquisition Paramerers
201512
1

N

O O O
CLUL g
NJ\/Br
o H

27b (BW-AQ-180)

sssing par

100.515

| | T T

T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



7.853
3.885

T T Y

L
secu N

27¢ (BW-AQ-209)

e
L

3

224

Current Data Parameters

HAME KCD-1-33-1H

EXPRO 1

FROCNO 1

F2 - Acquisition Parameters

Date_ 20151111

Time 13.10

INSTRUM spect

FROBHD 5 mm PABEC BB-

PULPROG zg30

D 63536

SOLVENT DMSO

NS 16

D= 2

SWH 8012.820 Hez

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 128

DW 62.400 usec

DE 6.50 usec

TE 296.0 K

Dl 1.00000000 sec

DO 1
HANNEL £1

SFO1 400.1424710 MHz

NUC1 1H

Pl 13.55 usec

FLW1 16.00000000 W

FZ - Processing parameters

51 65536

SF 400.1400032 MHz

WDwW EM

S5B 0

LB 0.30 Hz

GB 1]

FC 1.00

11 10 9 8 i 6 5

0.93 =
.00
98

6
97
4.05

2,02

wy
[+

8 ==
- o =



KCD-I-33-13C

225

<)
BRUKER
(>

n
Current Data Parameters
HNAME KCD=I=33-13C
EXPHO 1
PROCNO 1
F2 - Rcguisition Parameters
. 20151111
.14
spect
5 mm PABEC BB-
o O O 2g30
DMSO
o 302
PN :
N Cl SWH 2£038.461 Hz
H FIDRES 0.366798 Hz
o} AQ 1.3631488 sec
27c (BW-AQ-209) RG 3
oW 20, isec
DE 6.50 usec
TE 296.0 K
D1 2.00000000 sec
D1l 0.03000000 sec
DO 1
CHANNEL f1 =
100.6253441 MHz
13c
9.00 usec
62.00000000 W
CHANNEL f2
400.1416006
NUCZ 1H
CPDERG([2 waltz16
BCPD2 90.00 usec
PLWZ 16.00000000 w
FLW1Z 0.36267000 W
PLW13 0.29376000 W
F2 - Processing parameters
51 68
1 SF 100.6152830 MHz
WDW EM
SSB 1]
LB 1.00 Hz
GB a
T T T T T T T BC 1.40
200 180 160 140 120 100 80 60 40 20 ppm



KCD-I-31-1H

«©

OOV ITMTEHOVONOTONWONLOMOWLECENOMATOONNIFTONLNOMMODM™

TOCTTACDCTOANNTNOCHRTOMEAHOTITNOITNOONNNAT MO~ WNDON T
TV VO DLD OO A COO T PN MNANOLNUVTTTOOOONNLDVOOIITOD

0O O O
sosR O

27d (BW-AQ-211)

Current Data Parameters
NAME

EXPNO
PROCNO

KCD-1-31~1H
1
1

226

F2 - Acquisition Parameters
Date_
Time
INSTRUM
PROBHD
PULPROG
D

CHANNEL f1 =

20151109

13.40

spect

5 mm PABBC BB-
2g30

65536

DMSO

16

2
8012.820
0.122266

4.0894465

144
62.400
6.50

296.0
1.00000000
1
400.1424710
1H

13.55
16.00000000

Hz
Hz
sec

usec
usec

sec

MHz

usec

w

F2 - Processing parameters

T
10 9 8 7 6 5 4 3 2 1 0

11 ppm
l
3 8558 558 3|38 |2
o ~oNo o N - L < || s:

Hz

65536
400.1400032 MHz
EM
0
0.30
0
1.00



KCD-I-31-13C

227

<)
BRUKER
(<)

-
Current Data Parameters
NAME KCD=I-31-13C
EXPNO 1
PROCNO 1
2 - Acgquisition Parameters
a_ 20151109
ime 13.44
INSTRUM spect
o 0O O PROBHD
FULPROG
D
‘O O SOLVENT
NS
N)J\/\/Cl e .
H SWH 2£038.461 Hz
(o] FIDRES 0.366798 Hz
- ) AQ 1.3631488 sec
27d (BW-AQ-211) e
o 20.
DE 6.
TE 296.0
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL f1
100.6253441 MHz
13c
9.00 usec
62.00000000 W
CHANNEL f2 =
400.1416006 MH
1H
waltzlG
20.00 usec
16.00000000 W
0.36267000 W
0.29376000 W
eters
51 32768
SF 100.6152830 MHz
WD EM
S5B 1]
LB 1.00 Hz
GB a
T T T T T T PC 1.40
200 180 160 140 120 100 80 60 40 20 ppm



e

O O O
U3
NJ\/OBn
o) H

27¢ (BW-AQ-210)

NAME
EXPNO
PROCNO

Date_
Time
INSTRUM
PROBHD 5
PULPROG

D
SOLVENT

SFO1
NUC1

Pl
PLW1

SI

SF

WDwW

SSB 0
LB

GB 0

By

| :

2.3
4.21

ppm

======== CHANNEL f1

Current Data Parameters
KCD-I-39%a~1H

1
1

20151117
16.48

spect
mm PABBC BB-

2
8012.820
0.122266

4.0894465
90.5
62.400
6.50

298.0
1.00000000
1

400.1424710
1H

13.55
16.00000000

5536
400.1400005
EM

0.30

1.00

F2 - Acquisition Parameters

Hz
Hz
sec

usec
usec
K
sec

F2 - Processing parameters
655

MHz

Hz

228
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KCD-I-39-C ] FMmama 33 ] * o m
Current Data Parameters
NAME KCD-1I-39-C
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20151203
(0] (o] o) Time 19.15
INSTRUM spect
PROBHD 5 mm PABBO BB~
O‘O (o} PULBROG 2gpg30
™ 65536
N)J\/OB" SOLVENT cocls
H NS 191
o) DS 4
SWH 24038.461 Hz
27¢ (BW-AQ-210) FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 114
oW 20.800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1
100.6253441 MHz
13C

9.00
©62.00000000 W

CHANNEL f2
400.1416006 MHz
1H
CPDPRG (2 waltzl6
PCPD2 0.00 usec
PLW2 16.00000000 W
PLW12 0.36267000 W
PLW13 0.29376000 W

F2 - Processing parameters
SI 32768

SE 100.6152830 MHz

WDW EM
Mpemiptmtinae.

LB 5.00 Hz

GB 0

BC 1.40

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



[

iy} L T Ll o

w OO 0 O [ 0 W e

. 00 00 €00 W0 O WD

o R

- M=~ = [ 0= 0= [~ =
KCD-I-35-H

o O O

LIS
Is) H

27F (BW-AQ-216)

7.509
7.505
7.490
7.486

|

—5.728

|

3.319
1.983

1,971
1.966
1.954
1.949
1.928
1.932
1..921
1.916
1.693
1.677
1.668
1.661
1.652
1.635

\
i ! A 2
I 1 I U 1 I I I 1 I
10 9 8 7 6 4 3 2 1 ppm
g Ll aeE |S 3“3\ 3
- ||| = | N o~ o= ﬁ

Current Data Parameters
NREME

KCD-I-35-H
EXEPNO ¥
PROCNO 1
F2 - Acquisition Parameters
Date_ 20151130
Time 17.57
INSTRUM spect
PROBHD 5 mm PRBEO BB-
FULPROG zg20
TD 65536
SOLVENT DMSC
NS 16
Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 114
oW €2.400 usec
DE €.50 usec
TE 298.0 K
=31 1.00000000 sec
TDO i

mmmsssss CHANNEL fl ==s==

SFOLl
NUC1
j38

PFLW1

===
400.1424710 MHz
1H

13.55 usec
16.00000000 W

F2 - Processing parameters

6553
400.1400110 MHz
EM

0.30 Hz

1.00
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KCD-I-35-C13

0O 0 o0
QOW
N’u\f’\Br
0

27f (BW-AQ-216)

S\

C><)
BRUKER

Current Data Parameters

NAME
EXPN
PROCNO

KCD-I-35-C13
1

1

F2 - Acquisition Parameters

Date
Time
INSTRUM
PROBHD
PULPROG
TD

SOLVENT

= CHANNEL £2 ==

Nucz
CPDERG [2
PCPD2
PLWZ
PLW1Z
PLW13

§I

T
200

T
180 160

T
140

T
120

T
100

T
80

T
60

T T
40 20

0 ppm

CHANNEL f1 =

20151130
18.15
spect

5 mm PRBEC BB-

24038 .461
0.366798
1.3631488
181

20.800
6.50

288.0
2.00000000
0.02000000
1

100.6253441
13

9.00
62.00000000

400.1418008
1H

waltzlé
80.00
16.00000000
0.36267000
0.2%376000

2
100.6152830
EM

i}
1.00

0
1.40

Hz
Hz
sec

usee
usec

=

sec
sec

MHz

usec
W

usec
W
w
W

FZ - Processing parsmeters
3276

MHz

Hz
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KCD-I-47-H DN DN DO W™ — O o CHMYVONITD®AN O
DONHAO 0~ D06 ® — O\~ © HHODODH A O DO &
NDHAHOEOOOWOL®NN N COOOD®W®ONO A IE' I=! .-' I‘K I!!:Iil
(2032 e 0 K ool il ol ol ok Yok Syl Sy Yaell o o e NNEAA A A A A~ O

NNV

S

0 0 o
QBN
NJK/N3
I H

27g (BW-AQ-217)

Current Data varameters

NAME KCD-I-47-H
EXFNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 2015120

i 13.40
INSTRUM spect
PROBHD S mm PABBO BB-
PULPROG 2930
™ 65536
SOLVENT cpc13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 101
oW 62.400 usec
DE 6.50 usec
TE .0 K
D1 1.00000000 sec
™00 1

CHANNEL f1

501 400.1424710 MHz
NUC1 1H
1 13.55 usec
PLW1 16.00000000 W

1
1" 10 9 8 7

1.08\_

S

2.12
30

12.91

0 ppm

F2 - Processing parameters
65536

400.1400000 MHz
EM

0.30 Hz
1.00



R AVAY

(LIS
N)K/NS
o H

27g (BW-AQ-21T)

KCD-I-47-C

o I

233

C><)

Cu

NRME KCD=-I-47-C

EXPNO 1

PROCNG 1

F2 - Acquisition Parameters

Date_ 20151202

Time 13.58

INSTRUM spect

PROBHD 5 mm PRABBO BB-

PULPROG zgpg 30

TD 65536

SOLVENT CDCl3

NS 222

Ds 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631488 sec

RG 203

oW 20.800 usec

DE 6.50 usec

TE 298.0 K

Dl 2.00000000 sec

D1l 0.03000000 sec

TDO 1

CHRNNEL f1l =
100.6253441 MHz

13c
9.00 usec

62.00000000 W

msmmmmm= CHANNEL 2 semmmmms

SFO02 400.1416006 MHz
Nucz 1H
CPDERG (2 waltzl6
BCED2 50.00 usec
PLWZ 16.00000000 W
PLW12 0.36267000 W
PLW13 0.29376000 W

F2 - Processing parameters
51 32768

SF 100.6152830 MHz
EM

LB 1.00 Hz

GE 0

BC 1.40

T T T T T
200 180 160 140 120 100
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ABD-X-89-1H
HOANTIIDNAO oTowVwroO o) %)
2225338388 FEEE : 8 BRUKER
LWOoOWWOWOYWKW®MmMmAN NN 0NN N o
oo~~~ TITTMOM - o CN
\\\W% \\, / V | | Current Data Parameters
NAME ABD-X-89-1H
EXPNO 1
PROCNO 1
| l F2 - Acquisition Parameters
O (o} :

Date_ 20140228
Time 10.23
INSTRUM spect

0O O O PROBHD 5 mm PABEO BB-
PULPROG 2930
D 65536
O‘O o} SOLVENT €pCl3
NS 16
NN bs :
H SWH 8012.820 Kz
[e) FIDRES 0.122266 Hz
AQ 4.0894465 sec
29 (BNAG202) o0 62,400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 == =
400.1424710 MHz
1H
13.50 usec

16.00000000 w

1! F2 - Processing parameters
63

W ST 5536
| SF 400.1400083 MHz
| WDW EM
| SSB 0
| 1B 0.30 Hz

—,;J_JVUJ J lL_;L_ i t& i i ’ 1.00

T T

T

1" 10 9

I I I I I T T
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ABD-X-89%-13C-(12-2-15)

| |
UL
(9] (o] (0]
OOW:
Nl
o H

29 (BW-AQ-202)

D11
DO

mmmmmmme CHANNEL £] ====m—=e
SFOL 100.625344L Mz
Hucl 13¢

0.29376000 W

g parameters
32768

100, 6152830 Mz
EM

1.00 Hz
1.40

200 180 160 140 120 100 80 60 40 20 0 ppm
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ABD-X-111-1H

cCVNMEEOHOM NOVHTOITY N~ o~
OWHNO®WONOC O NINANODE M~ 0 B R
WoOoroYnmmmaoN NANNN~~OYVM - o~
(B R ol ol ol e o B el TIITTOMMOM NN -

NS\ Y

Current Data Parameters

NAME ABD-X-111-1H
EXPNO 1
PROCNO 1
b s | F2 - Acquisition Parameters
(0] O Date_ 20140303
Time 13.55
INSTRUM spect
PROBHD 5 mm PABEC BB-
PULPROG 2930
0O O O ™ 65536
SCOLVENT cDCl13
NS 16
(0] DS 2
J\/CI SWH 8012.820 Hz
N FIDRES 0.122266 Hz
H AQ 4.0894465 sec
0 RG 128
DwW 62.400 usec
-, - DE 6.50 usec
31 (BW-AQ-205) | e 25500 &
D1 1.00000000 sec
TDO 1
SFO1 400.1424710 MHz
NUC1 1H
| Pl 13.50 usec
PLW1 16.00000000 W
F2 - Processing parameters
SI 65536
| SF 400.1400073 MHz
wowW EM

! I I { SSB 0
| | ‘ \ LB 0.30 Hz
GB 0
I J l | J ! PC 1.00
Ix._.JLAJKJ ~__,L__dh_______L___________

T I I T T T T T T T T T T

1 10 9 8 7 6 5 4 3 2 1 0 ppm
3 [e8se

6.39
4.74 —
6.50 -
a35=
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ABD-X-111-13C-(12-4-15)

rarameters
111-13C-(12-4-15)

Y o
ow
xw

0o o o
(LS
N/K/m
3 H

31 (BW-AQ-205)

T T T T

T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



DCF-VI-14-1H-(1-7-16)

w

— T N O wn ™M O Ll

()} 0O T M~ O~ <« 0 Lol
. M~ OO ™ n ™M -

(=3 e e A . . .

~ 0 0 o~ r~ - m M ~

COOL L

O
33 (BW-AQ-131) |

238

e R ORun
(>

Current Data Parameters

NAME DCF~VI-14~1E~-(1-7~16)
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 201601C7
i 13.20
spect
S mm PABBO BB-
2g30
65536
DMSO
16

2
8012.820 Hz
0.122266 Hz

4.0894465 sec
128

62.4C0 usec
6.50 usec

298.0 K
1.000C00C0 sec
1

======== CHANNEL f] ========

T T T T T T

SFOL 400.1423710

NUC: 1H

Pl 13.55 usec

PLW. 16.000C00C0 w

F2 - Processing parameters

ST 85536

SF 400.1400033 M#z

WDW EM

SSB 0

LB 0.30 Hz

GB o

PC 1.c0
ppm



ABD-XIII-133-13-(11-18-15)

O
CO0L L
H O

(0]

33 (BW-AQ-131)

1.00 Hz

L L I

I I I
200 180 160 140 120 100 80 60 40 20 0 ppm

Appendix B HPLC data for the stability studies described in Chapter 1

Stability Studies at Simulated Physiological Conditions of Selected Compounds

HPLC spectra of BW-AQ-101.

0 min. at 37 °C.
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Data File: C:\Documents and Settings\User'\Desktop'alex\073015\LC-20.10001 7-30-2015 11-49-17
AM.dat
Method: CEZStart\Projects\Default'\Method\tea\5~100.met
Acquired: 7/30/2015 11:51:18 AM
Printed: 2/16/2016 10:48:18 AM
Retention Time 'I
150+ ‘ 150
\
. 1004 || | 100
g I
50 S 2 [ 50
@ 5 | o
~ | -
0d—A_ : | | I‘ g_ | | 0
T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-250nm
Results
Retention Time Area Area % Height Height %
7.517 47 2.03 2.39
8.417 0.41 0.45
9.308 97.20 97.02
16.275 0.36 0.14
Totals
2323706 100.00 175841 100.00

120 min. at 37 °C.

Data File: C:\Documents and Settings\User'Desktop'alex'073015\LC-20.10001 7-30-2015 2-06-11 PM.d:
Method: C:\EZStart'Projects'\Default\Method\tea\5~100.met
Acquired: 7/30/2015 3:02:17 PM
Printed: 2/16/2016 10:53:12 AM
Elention Time || ‘r
150 |‘ 150
s 100 \| - 100
g5 | & 8 o
S © [
- T i F
A Jedl, v
03— T Te T 1 T o
0 I é I ﬁ‘l I é ‘ !IS I Wb ‘ 1‘2 I 1‘4 I I‘G 1‘3 I Z‘U
Minutes
SPD-20A
Ch1-250nm
Results
Retention Time Area Area % Height Height %
7.508 52749 215 4583 2.48
8.358 8777 0.36 698 0.38
9.275 2346525 95.60 176910 95.84
10.375 7268 0.30 339 0.18
11.533 30527 1.24 1771 0.96
16.233 8791 0.36 207 0.16
Totals
2454637 100.00 184598 100.00

24 h. at 37 °C.
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Data File: C:\Documents and Settings'\User'Deskrop'alex\073015\LC-20.10001 7-31-2015 11-02-27
AM dat
Method: C:\EZStart'\Projects\Default\ Method'\tea'5~100.met
Acquired: 7/31/2015 11:03:33 AM
Printed: 2/16/2016 10:58:56 AM
150 Retention Time ’| 150
100 4 || [ 100
; [
50+ o o 50
g8 g E g
o @ ~ Ikg', | @ |
N R R - B | N . N R 0
e R s \ | 0
T T T T T T T T T T T T T T T T T T
1] 2 4 -] 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl1-250nm
Results
Retention Time Area Area % Height Height %
2.283 16969 0.77 1621 0.98
3.050 10008 0.45 1348 0.81
7.533 57878 2.62 5118 3.09
9.283 1965117 88.89 148338 89.46
11.550 153604 6.95 9142 551
16.258 7052 032 241 0.15
Totals
2210628 100.00 165808 100.00

HPLC spectra of BW-AQ-112.

0 min. at 37 °C.

Data File: C:\Documents and Settings\User\Desktop\alex\07-24-15\LC-20.10001 7-24-2015 11-47-09
AM.dat
Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 7/24/2015 11:49:31 AM
Printed: 2/16/2016 10:37:18 AM
Retrntlcn Time b
4007 @ F400
[
] “ 2 :
E-
> 200 \ ‘\ F 200
] ‘ | g8 8 8 g8 b
o o - w N
Y S T T
o T T 1 1 1 0
o 2 4 & & o 12 . 1 ox®
Minutes
SPD-20A
Ch1-250nm
Results
Retention Time Area Area % Height Height %
3.092 7520 0.41 1216 047
3.375 1729038 94.66 250435 97.32
4.058 40897 224 1606 0.62
5.092 7530 0.41 394 0.15
6.150 12423 0.68 1278 0.50
7.650 9017 0.49 714 0.28
8.267 20153 1.10 1682 0.65
‘ Totals ‘ ‘
1826578 100.00 257325 100.00

120 min. at 37 °C.
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Data File: C:\Documents and Settings\User'\Desktop'alex\07-24-15\LC-20.10001 7-24-2015 1-36-16
PM.dat
Method: C:\EZStart\Projects'\Default\Method\tea\5~100.met
Acquired: 7/24/2015 1:37:32 PM
Printed: 2/16/2016 10:41:05 AM
4004 Retention T\mDe L 200
a
- © [
S 200 i ‘ I 200
‘ @ [
F| f g 8 i
[N | © ~
oAU l.‘LJ —— | | I R S Lo
Amass T RRASS SES T T T ARASS SEsas T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-250nm
Results
Retention Time Area Area % Height Height %
3.350 1702230 98.37 257317 99.14
6.058 13849 0.80 1409 0.54
7.533 14208 0.83 818 0.32
Totals
1730377 100.00 250544 100.00

24 h. at 37 °C.

Data File: C-'Documents and Settings\User'Desktop\alex\07-24-15\L.C-20.10001 7-25-2015 2-27-17
PM dat
Method: C\EZStart\Projects'Default\Method'tea\5-100.met
Acquired: 7/25/2015 2:27-50 PM
Printed 2/16/2016 10:45:40 AM
Retgntion Time
4004 o F 400
8
1 o [
2 o4 ‘ | ﬁ [ 200
[ . ~ M~ w0
1 [|Bggs B &§ g
I|ILI \ i o-:l | o5l = wg -~ ‘m |
o— bl e
[} ' é ' 4‘1 ' é ' é 1‘0 1‘2 1‘4 ' 1‘6 ' 1‘5 0
Minutes
SPD-20A
Ch1-250nm
Results
Retention Time Area Area % Height Height %
2258 9395 049 1236 044
2358 7997 042 1399 0.50
3.067 11617 0.61 1274 046
3358 1781142 93.04 266649 95.76
3.800 17405 091 1349 048
4317 19182 1.00 1617 0.58
5.817 21360 112 1317 047
6.108 18919 099 1778 0.64
7.617 16808 0388 1265 045
8.275 10499 055 569 0.20
‘ Totals
1914324 100.00 278453 100.00

HPLC spectra of BW-AQ-124.

0 min

.at 37 °C.
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Data File: C:'Documents and Settings'User'Desktopalex'07-23-15\L.C-20.10001 7-23-2015 11-46-36
AM.dat
Method: C:\EZStart\Projects\Default'\Method'tea'5~100.met
Acquired: 7/23/2015 11:48:35 AM
Printed: 2/16/2016 10:11:50 AM
200 Retention Time \l| 500
| I i
£ 1004 | ‘| L 100
o~
] 3 | ,
< H
| ‘ [ 3 I 0
(<]
T T T T T T T T T T T T T T T
0 2 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-250nm
Results
Retention Time Area Area % Height Height %
4.092 22350 0.90 2275 1.01
6.825 2455344 99.10 222106 98.99
Totals
2477694 100.00 224381 100.00

120 min. at 37 °C.

Data File: C:\Documents and Settings\User'Desktop'alex'07-23-15LC-20.10001 7-23-2015 3-11-41
PM.dat
Method: C:\EZStart'\Projects'Default\Method\tea'5~100.met
Acquired: 7/23/2015 3:12:52 PM
Printed: 2/16/2016 10:18:49 AM
2004 Retention Time f‘ EFZDO
§ 100 ‘ | L 100
r
| g 5| i
« 0 lé" f
1A \ @ | f
0 | rTe E
0 I é I Lli I é I é I 1‘0 I 1‘2 I 1‘4 'I‘G 1‘8 2‘0
Minutes
SPD-20A
Ch1-250nm
Results
Retention Time Arca Area % Height Height %
4.083 21718 0.92 2258 1.03
5.900 35376 1.50 3616 1.65
6.808 2307843 97.59 213388 97.32
Totals
2364937 100.00 219262 100.00

24 h. at 37 °C.



Data File: C:'\Documents and Settings\User'Desktop'alex'07-23-15\LC-20.10001 7-24-2015 10-18-50
AM dat
Method: C:\EZStart\Projects'\Default\Method'tea\5~100.met
Acquired: 7/24/2015 10:20:12 AM
Printed: 2/16/2016 10:22:37 AM
B Eention Time | -
2004 || I 200
2 1o0d - || o 100
[ ~ 2
] g B8 5 5 .
. TR °
B I I | 0
T T T T T T T T T T T T T T T T T
1] 2 4 B 8 10 12 14 16 18 20
Minutes.
SPD-20A
Ch1-250nm
Results
Retention Time Area Area % Height Height %
4.092 28710 0.96 2831 1.05
5.325 12510 042 1400 0.52
5.908 55101 1.85 5627 208
6.225 14556 0.49 1316 049
6.825 2808746 94.19 256037 94 60
8417 25224 0.85 1659 0.61
11.875 37217 1.25 1787 0.66
Totals
2982064 100.00 270657 100.00
HPLC spectra of BW-AQ-131.
- o
0 min. at 37 °C.
Data File: C:'\Documents and Settings\User'Desktop'alex\07-23-15\LC-20.10001 7-23-2015 12-33-41
PM.dat
Method: C:\EZStart\Projects'Default\Method\tea\5~100.met
Acquired: 7/23/2015 12:35:29 PM
Printed: 2/16/2016 10:24:12 AM
@ntion Time || r
1504 ‘ 150
‘ t
s 100 | 100
- 2 | o t
o
01 - 2 g g pee
) i E R ;
1 » I NP | | 0
0 | Ta | | I 00
0 é 4‘ é I !IS I WIU I 1‘2 1‘4 I 1‘6 I 1‘3 I 2‘0
Minutes:
SPD-20A
Ch1-250nm
Results
Retention Time Area Area % Height Height %
3.883 138630 7.28 18061 9.08
5.867 1630455 85.57 170592 85.72
6.792 61653 3.24 5538 2.78
9.608 64615 3.39 4384 2.20
14.458 10033 0.53 425 0.21
Totals
1905386 100.00 199000 100.00
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120 min. at 37 °C.

Data File: C:\Documents and Settings\User\Desktoplalex\07-23-15\L.C-20.10001 7-23-2015 4-40-26
PM.dat
Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 7/23/2015 4:41:18 PM
Printed: 2/16/2016 10:29:36 AM
200 — [ 200
Retention Time F|
£ 1004 | F 100
E o ‘ N
& o ‘ = ] &
] s 2 Il © 3 igr I
) BN ° "
0" EEEERE-mE T T 0
o 2 : 6 g 10 2 1 w18 2
Minutes
SPD-20A
Ch1-250nm
Results
Retention Time Area Area % Height Height %
3.892 150579 6.66 19977 8.52
4.992 9016 0.40 1061 0.45
5.867 1781041 78.77 186363 79.45
6.767 241785 10.69 22080 9.41
9.558 67643 299 4620 1.97
14.333 10968 0.49 465 0.20
Totals
2261032 100.00 234566 100.00

24 h. at 37 °C.



Data File:

C:'\Documents and Settings\User'Desktop'alex\07-23-15\L.C-20.10001 7-24-2015 10-44-43

AM.dat
Method: C\EZStart\Projects\DefaultMethod\tea\5~100.met
Acquired: 7/24/2015 10:47:11 AM
Printed: 2/16/2016 10:32:00 AM
200+ gtention Time r 200
§ 1009 3 | | [ 100
o4
| 5% 8l 8 : -
" B C 7 "
1A -
. - T =1 | | 0
Tt T T T T T IABSas Rasas sanay
0 2 B 8 10 12 14 16 18 20
Minutes.
SPD-20A
Chl-250nm
Results
Retention Time Area Area % Height Height %
3.300 15359 0.72 1698 0.75
3.908 164973 7.68 21973 9.66
5.308 12853 0.60 1150 0.51
5.892 1866241 86.88 196771 86.48
6.792 13616 0.63 1113 049
9.600 64004 298 4349 191
14442 10958 0.51 477 0.21
Totals
2148004 100.00 227531 100.00

HPLC spectra of BW-AQ-126.

0 min. at 37 °C.

Data File: C:'\Documents and Settings'User'Desktop'alex\073115'L.C-20.10001 7-31-2015 1-08-03 PM.dat
Method: C:\EZStart\Projects'Default\ Method'tea\5~100.met
Acquired: 7/31/2015 1:09:54 PM
Printed: 2/16/2016 11:05:13 AM
@nﬁon Time i ‘[
100+ f F 100
1 :
" | ‘ r
= 50 | | 50
8 2 3 AL )
-~ ) s IDI\ - i
LS ~ @ B¢ :
ofﬁJL.J-r-L 7777777777777777 TL‘I—TQ—L — et —Lo
o 2 4 & 8 o 2 1 1. 18 2
Minutes
SPD-20A
Chl1-250nm
Results
Retention Time Area Area % Height Height %
2.183 9139 0.36 1728 134
7.808 20917 0.82 1786 1.38
9.508 33919 1.32 2301 1.78
12.400 2439326 95.29 121995 94.35
14.475 56665 221 1495 116
Totals
2559966 100.00 129305 100.00

120 min. at 37 °C.
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Data File: C:\Documents and Settings\User'Desktop'alex\073115\LC-20.10001 7-31-2015 3-22-30 PM.dat
Method: C:\EZStart\Projects\Default Method\tea\5~100.met
Acquired: 7/31/2015 3:23:26 PM
Printed: 2/16/2016 11:09:47 AM
1004 @mjon Time ||1| i 100
[ [
2 [l i
s 50 " o [
@ P
g 8 8.8 & g $ :
N ~ s 2 =8 2 e i
1Al =N I N A | [
0 | T T T T T re
o 2 R 14 ® 18 0
Minutes
SPD-20A
Ch1-250nm
Results
Retention Time Area Area % Height Height %
2.183 25987 1.25 4831 3.96
7.758 34967 1.68 2919 239
9.458 63574 3.06 4006 3.28
10.683 18128 0.87 1213 0.99
11.625 7274 0.35 405 0.33
12.308 1895825 91.15 107285 87.93
14.492 26708 1.28 1053 0.86
17.400 7486 0.36 303 0.25
Totals
2079949 100.00 122015 100.00

24 h. at 37 °C.
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Data File: C:'\Documents and Settings\User' Desktop'alex'073115'LC-20.10001 8-1-2015 11-48-37 AM dat
Method: C:\EZStart\Projects'\Default Method\tea'5~100.met
Acquired: 8/1/2015 11:49:33 AM
Printed: 2/16/2016 11:15:11 AM
Retention Time |'| ::
“ i 8 [
£ o § S oy - L2
Wl 2 e e [l e [ =l = = t
ol Ul | L g oA R I I Py
S I [ L N I I [
P T S
Minutes
SPD-20A
Ch1-250nm
Results
Retention Time Area Area % Height Height %
2175 139134 1.66 26397 20.61
3292 7765 043 1169 091
4.783 8500 047 773 0.60
5225 8611 047 638 0.50
6.358 8275 0.46 770 0.60
1875 150675 830 12512 9.77
8.550 20613 163 1832 143
8.833 12027 0.66 841 0.66
9.502 256545 14.13 15577 12.16
10.858 78472 432 4734 3.70
11.783 18691 1.03 1105 0.86
12.467 1023005 56.38 58146 4540
12.983 58348 321 2067 232
14.850 8407 0.46 358 028
17.583 7159 0.39 270 021
Totals
1816217 100.00 128089 100.00

Long Term Stability Studies of Selected Compounds

HPLC spectra of BW-AQ-101.

Week 1: solid storage at room temperature.
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Data File: C:\Documents and Settings'\User'\Desktoplalex'Long Stability\Week1'BW-AQ-101'LC-20.10001
10-9-2015 11-20-37 AM.dat
Method: C:\EZStart\Projects\DefaultMethod\tea\5~100.met
Acquired: 10/9/2015 11:21:22 AM
Printed: 2/16/2016 11:51:14 AM
5= 75
Retention Time rl
504 || I 50
|‘ |
- 254 o | k25 2
2 23 I 2
. oo i
ol | | L 0
T N
8
25 © F-25
T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.150 17036 2.04 954 141
3.642 10380 1.2/ 523 0.78
8.667 808792 96.72 65945 07.81
Totals
836208 100.00 67422 100.00
Week 1: solid storage at 4° C.
Data File: C:\Documents and Settings\User'\Desktop\alex\Long Stability\Week1'\BW-AQ-101'LC-20.10001
10-9-2015 11-44-03 AM.dat
Method: C:\EZStart\Projects'\Default\Method\tea\5~-100.met
Acquired: 10/9/2015 11:44:16 AM
Printed: 2/16/2016 11:25:33 AM
Retention Time ‘1
50+ ||‘ - 50
|
254 ‘ +25
P |
= L
f @ d
0__,.“..___ | B [ . 0
T o
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.167 8220 1.01 419 0.63
8.600 805215 98.99 66250 99.37
Totals
813435 100.00 66669 100.00

Week 1: solid storage at -20° C.



Data File:
10-9-2015 12-18-27 PM.dat
Method:

C:\EZStart\Projects\Default'Method\tea\5~100.met

C:\Documents and Settings\User\Desktop\alex\Long Stability\Week1'BW-AQ-101'LC-20.10001

Acquired: 10/9/2015 12:19:20 PM
Printed: 2/16/2016 11:50:07 AM
7 Retention Time I 3
60+ ‘| £ 60
s 40 || 40 .
2 _ \ E g
C
1 0 R el £
o4 N NN o] L - Lo
e [ & 3
o 2 4 e 10 = 4 e B 20
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
3.133 18926 2.02 1094 1.44
3.367 7843 0.84 988 1.30
3.592 17491 1.87 923 1.22
3.842 10034 1.08 836 1.10
4.358 15015 1.60 661 0.87
4.575 9799 1.05 595 0.79
5.550 10630 1.14 365 0.48
8.525 346426 90.41 70275 92.79
Totals
936214 100.00 75737 100.00

Week 1: solution storage at room temperature.

Data File: C:'\Documents and Settings\User'\Desktop'alex\Long Stability\Week1'\BW-AQ-101'LC-20.10001
10-8-2015 12-32-36 PM.dat

Method: C:\EZStart\Projects\Default\Method'tea\5~100.met
Acquired: 10/8/2015 12:33:36 PM
Printed: 2/16/2016 11:54:31 AM
Retention Time I‘
504 ‘|‘ 50
[
@ 254 qo il 25 =
g 39 | g
I mm I‘ 1
o}—A ‘Tl!_l | 0
o
&
-25 4 @ r-25
T T T T T T T T T T T T T
1] 2 4 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.042 11435 1.42 960 1.50
3.425 11439 1.43 598 0.93
8.842 779855 97.15 62461 97.57
Totals
802729 100.00 64019 100.00




Week 1: solution storage at 4° C.

Data File:

10-8-2015 12-55-26 PM.dat

C:\Documents and Settings\User'Desktop'alex'Long Stability'Week1'\BW-AQ-101'LC-20.10001

Method: C:\EZStart'Projects'\Default\Method\tea'5~100.met
Acquired: 10/8/2015 12:57:18 PM
Printed: 2/16/2016 11:52:18 AM
@ntion Time “ :t
50 || Esn
= | \ L
= r
, % g ‘
7 SN i
S T N (o1 0
0 I 2‘ I I é I é I 1b I 12 1‘4 I 'I‘G 1‘3 I 2‘0
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.158 17356 2.15 989 1.52
3.383 10364 1.28 860 1.32
3.642 7936 0.98 705 1.08
8.717 765077 94.66 62062 95.40
10.317 7471 0.92 440 0.68
Totals
808204 100.00 65056 100.00

Week 1: solution storage at -20° C.

Data File:

10-8-2015 1-24-11 PM.dat

C:\Documents and Settings\User'Desktop'alex\Long Stability'\Week1\BW-AQ-101'LC-20.10001

Method: C:\EZStart\Projects\DefaultMethod\tea'5~100.met
Acquired: 10/8/2015 1:25:24 PM
Printed: 2/16/2016 11:53:34 AM
Retention Time |1
504 || 50
| z
2 | tos 7
© 1
= o
I i &
074)"_‘__ _li,i.;.; ‘g'\ - 0

6 B 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.175 15871 2.00 879 1.36
8.625 776983 98.00 63739 98.64
Totals
792854 100.00 64618 100.00
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HPLC spectra of BW-AQ-112.

Week 1: solid storage at room temperature.

Data File: C:\Documents and Settings\User'\Desktop'alex'Long Stability'Week1'\BW-AQ-112'L.C-20.10001
10-9-2015 2-27-51 PM.dat
Method: C:\EZStart'Projects\Default'\Method\tea\5~100.met
Acquired: 10/9/2015 2:28:56 PM
Printed: 2/16/2016 12:46:25 PM
B El? ntion Time r
200 " | 200
w
- o L
g 3 g
> 1004 | : oo 7
II
E | | I 3
03— i | 0
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.425 674816 100.00 92056 100.00
Totals
674816 100.00 920506 100.00

Week 1: solid storage at 4° C.
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Data File: C:'\Documents and Settings\User\Desktop'alex'\Long Stability\Week1'BW-AQ-112\L.C-20.10001
10-9-2015 3-01-05 PM.dat
Method: C:\EZStart\Projects'\Defanlt\Method\tea\5~100.met
Acquired: 10/9/2015 3:01:36 PM
Printed: 2/16/2016 12:44:12 PM
Retention Time L
200 | 200
‘ R I )
£ = £
1004 = Fioa =
| |
‘ L
| I
e M AN 0
I
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.425 628666 100.00 85609 100.00
Totals
628666 100.00 85609 100.00

Week 1: solid storage at -20° C.

Data File: C:\Documents and Settings\User'Desktop'alex\Long Stability\Week1'BW-AQ-112'LC-20.10001
10-9-2015 3-28-13 PM.dat
Method: C:\EZStart\Projects'Default\Method\tea\5~100.met
Acquired: 10/9/2015 3:28:27 PM
Printed: 2/16/2016 12:45:16 PM
3004 ——— k300
E Retention Time 3
2004 | 200
w
o
v < 3 o
N
100 ‘ ‘1 I 100
|
] ‘ | I i
ol L |'I | 0
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.425 780203 100.00 106696 100.00
Totals
780203 100.00 106696 100.00

Week 1: solution storage at room temperature.
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Data File: C:\Documents and Settings\User\Desktop\alex'Long Stability'\Week1'BW-AQ-112'LC-20.10001
10-8-2015 3-19-42 PM.dat
Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 10/8/2015 3:21:50 PM
Printed: 2/16/2016 12:49:36 PM
] Retention Time |
200 T | 200
2 = 2
> 1004 ‘ T Lo >
] “ i i
| |
ol - | 0
T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.433 668241 100.00 90573 100.00
Totals
668241 100.00 90573 100.00
Week 1: solution storage at 4° C.
Data File: C:\Documents and Settings'User\Desktoplalex'\Long Stability\Week1'\BW-AQ-112'LC-20.10001
10-8-2015 3-42-43 PM.dat
Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 10/8/2015 3:43:26 PM
Printed: 2/16/2016 12:47:17 PM
Retention Time b
2004 T | 200
E 2 g
2 e 2
=] = =)
> 1004 ‘ ' Lioo =
|
E || ‘Il a
| |
o ~mil II L 0
L L I I B L L B I B L I I L I B B L LI L UL L
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.433 683049 100.00 92769 100.00
Totals
683049 100.00 92769 100.00

Week 1: solution storage at -20° C.



Data File:
10-8-2015 4-09-39 PM.dat
Method:

C:\EZStart\Projects'\Defanlt\\Method\tea\5~100.met

C:\Documents and Settings\User'\Desktop\alex\Long Stability\Week1'\BW-AQ-112'LC-20.10001

Acquired: 10/8/2015 4:11:16 PM
Printed: 2/16/2016 12:48:32 PM
E gntion Time r
200 | 200
~
z E = ] 2
=] = o
ST E ” “ Lo 7
E | |
| |
o—ati — 0
T T T T T T T T T T T T T T T T
i 2 4 B 8 10 12 14 186 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.417 702187 100.00 95416 100.00
Totals
702187 100.00 95416 100.00

HPLC spectra of BW-AQ-113.

Week 1: solid storage at room temperature.

Data File:
10-9-2015 3-58-56 PM.dat
Method:

C:\EZstart\Projects'\Default\Method\tea'\5~100.met

C:'\Documents and Settings\User'\Desktop'alex\Long Stability\Week1\BW-AQ-113'LC-20.10001

Acquired: 10/9/2015 4:00:00 PM
Printed: 2/16/2016 12:53:24 PM
1 Retention Time F
200—f I 200
£ 1 0 ]
o 4
T E ‘ @ L 100
pd—anJl I ] 0
1 T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.675 858361 100.00 53996 100.00
Totals
858361 100.00 53996 100.00

Week 1: solid storage at 4° C.

Volts
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Data File: C:\Documents and Settings\User'Desktoplalex\Long Stability\Week'\BW-AQ-113'LC-20.10001
10-9-2015 4-23-33 PM.dat
Method: C:\EZStart\Projects\Default\Method'tea\5~100.met
Acquired: 10/9/2015 4:24:30 PM
Printed: 2/16/2016 12:51:41 PM
] E ntion Time o
2004 I 200
100 ‘ ‘ % Lioo  ~
1 | f\ ]
o] i ‘ A 0
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.667 831764 100.00 52438 100.00
Totals
831764 100.00 52438 100.00

Week 1: solid storage at -20° C.

Data File: C:'\Documents and Settings'\User'Desktop\alex'\Long Stability\Week1'BW-AQ-113'LC-20.10001
10-9-2015 4-55-58 PM.dat
Method: C:\EZStart\Projects\Default'Method\tea\5~100.met
Acquired: 10/9/2015 4:56:27 PM
Printed: 2/16/2016 12:52:35 PM
00 ——— r 300
Retention Time [
2004 T F 200
n — w - w
5 §
1004 = L 100
»U‘ ‘ /\ |
04— I 0
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.675 967029 100.00 60730 100.00
Totals
967029 100.00 60730 100.00

Week 1: solution storage at room temperature.
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Data File: C:'\Documents and Settings\User\Desktop'alex'Long Stability'Week1\BW-AQ-113'LC-20.10001
10-8-2015 5-37-00 PM.dat
Method: C:\EZStart\Projects'Default\Method\tea'5~100.met
Acquired: 10/8/2015 5:37:13 PM
Printed: 2/16/2016 12:56:12 PM
E ntion Time L
200 T k200
= 1004 ‘ © Lo~
01— L A | 1]
I
0 2 a T 5 w0 1z ® 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.692 327314 100.00 51855 100.00
Totals
327314 100.00 51855 100.00
Week 1: solution storage at 4° C.
Data File: C:'\Documents and Settings'\User'\Desktop\alex\Long Stability\Week1'\BW-AQ-113\LC-20.10001
10-8-2015 6-01-12 PM.dat
Method: C\EZstart\Projects\Default\Method\tea\5--100.met
Acquired: 10/8/2015 6:01:48 PM
Printed: 2/16/2016 12:54:18 PM
] Retention Time ]
2004 F200
- 1 2 i 2
> 400 ‘ © L0 F
ol mJl L 0
T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.683 850145 100.00 53436 100.00
Totals
850145 100.00 53436 100.00

Week 1: solution storage at -20° C.



Data File:
10-8-2015 6-23-10 PM.dat
Method:

C:\EZStart\Projects'\Default\Method\tea\5~100.met

C:\Documents and Settings\User'Desktop'alex'Long Stability'Week1\BW-AQ-113\LC-20.10001

Acquired: 10/8/2015 6:23:31 PM
Printed: 2/16/2016 12:55:22 PM
. g ntion Time L
2004 ‘ I 200
g E 2 ] ]
7 1004 ” 2 Lo
ol L / 0
\
T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes:
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
11.675 855072 100.00 53630 100.00
Totals
855072 100.00 53630 100.00
HPLC spectra of BW-AQ-124.
Week 1: solid storage at room temperature.
Data File: C:\Documents and Settings\User'\Desktop'alex'\Long Stability\Week1'\BW-AQ-124'L.C-20.10001
10-9-2015 12-42-23 PM.dat
Method: C\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 10/9/2015 12:43:37 PM
Printed: 2/16/2016 1:00:16 PM
1001 aention Time r - 100
§ 50 1 “ 50 §
o o4
&= é
i o @
od— N ,_Ir.l I‘°| 0
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes:
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.292 15841 1.70 693 0.69
3.792 19331 2.07 1308 1.29
6.017 898342 96.23 99068 98.02
Totals
933514 100.00 101069 100.00




Week 1: solid storage at 4° C.

Data File: C:\Documents and Seftings'\User\Desktop'alex'Long Stability\Week'BW-AQ-124\LC-20.10001
10-9-2015 1-05-47 PM.dat
Method: C:\EZStart'\Projects\Default\Method\tea\5~100.met
Acquired: 10/9/2015 1:06:31 PM
Printed: 2/16/2016 12:58:15 PM
100+ @ant\on Time “ 100
5 50 ‘ | .
© 0
gE |
A o« M E ‘
S I —— :
T T T T T T T T T T T T T T T
6

8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.283 7669 0.84 333 0.33
3.783 8065 0.88 037 0.93
6.000 800623 98.28 99394 98.74
Totals
915357 100.00 100664 100.00

Week 1: solid storage at -20° C.

Data File: C:'\Documents and Settings\User'\Desktop'alex'\Long Stability'Weekl'BW-AQ-124'1.C-20.10001
10-9-2015 1-33-36 PM.dat
Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 10/9/2015 1:34:41 PM
Printed: 2/16/2016 12:59:16 PM
Retention Time r
100 ‘| 100
3 50 | | |50
Te)
& :
Lo Bor )
oAt B :
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.275 14292 1.29 651 0.54
3.775 18113 1.64 1454 1.20
5.992 1072053 97.07 119030 98.26
Totals
1104458 100.00 121135 100.00

Volts



Week 1: solution storage at room temperature.

Data File: C:\Documents and Settings\User\Desktop'\alex'Long Stability\Week1'BW-AQ-124'LC-20.10001
10-8-2015 1-48-37 PM.dat
Method: C:\EZStart\Projects\Default'Method\tea\5~100.met
Acquired: 10/8/2015 1:49:48 PM
Printed: 2/16/2016 1:03:20 PM
Retention Time 1
75 || F7s
o 504 ‘ F 50
|
254 E EE % | \ [os
; o <
0+ fh—f_H-aP—'—‘—'—«m-hL-' — —~ —_—— 0
T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.317 16181 1.83 700 0.76
3.817 26173 2.95 1392 1.52
4.150 7180 0.81 632 0.69
4.883 10186 1.15 473 0.52
6.058 826501 93.26 38457 96.51
Totals
886221 100.00 91654 100.00

Week 1: solution storage at 4° C.

Volts

260
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Data File: C:'Documents and Seftings\User'Desktop'alex'Long Stability\Week'BW-AQ-124\LC-20.10001
10-8-2015 2-13-24 PM.dat
Method: C:\EZStart\Projects\Default'Method\tea'5~100.met
Acquired: 10/8/2015 2:14:55 PM
Printed: 2/16/2016 1:01:18 PM
@enhon Time |
754 H 75
" 50 I 50 -
|
25 = F25
88 |
A "’I ("]
oA B B 0
T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.202 19632 2.40 740 0.84
3.800 17733 2.17 1338 1.52
6.033 781380 95.44 85919 97.64
Totals
818745 100.00 87997 100.00

Week 1: solution storage at -20° C.

Data File: C:\Documents and Settings\User'Desktoplalex'Long Stability\Week1'\BW-AQ-124\LC-20.10001
10-8-2015 2-38-16 PM.dat
Method: C:\EZStart\Projects'Default\Method\tea'5~100.met
Acquired: 10/8/2015 2:40:43 PM
Printed: 2/16/2016 1:02:26 PM
100+ — 100

Retention Time 1

% 50 | F50 %
> >
[« =)
88 |
A © 5t
oM T_IT.J -1 [— 0
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.300 12761 1.47 492 0.52
3.800 7384 0.85 896 0.95
6.025 847592 97.68 93231 98.53

Totals

867737 100.00 94619 100.00

HPLC spectra of BW-AQ-101.



Week 4: solid storage at room temperature.

262

Data File: C:'\Documents and Settings'\User\Desktop\alex-yxy'101-10.30-solid-rt.dat
Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 10/30/2015 10:38:57 AM
Printed: 2/16/2016 2:33:01 PM
?5-: Retention Time ! F75
50+ i 50
2 2
s | = | | s
254 o] - 25
12 § | |I 2
. f=]
Ay 7 S
o I — e [® I T T 0
L T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
0.925 75704 7.10 9919 11.43
3.308 31125 2.92 650 0.75
8.917 948752 89.01 75701 §7.2
10.508 10301 0.97 545 0.63
Totals
1065882 100.00 36815 100.00
Week 4: solid storage at 4° C.
Data File: C:\Documents and Settings\User\Desktop\alex-yxy'101-10.30-solid-4C .dat
Method: C:\EZStart\Projects\Default\Method\tea'5~100.met
Acquired: 10/30/2015 11:11:20 AM
Printed: 2/16/2016 2:31:23 PM
751 Retention Time i F7s
[
50| ‘ | |50
: I g
> >
254 | \ o F25
|
o __/"“'\ — e — — 'FS"' | i | 0
e o I
R & T 4 16 8 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
8.850 924609 98.99 74222 99.33
10.433 9462 1.01 502 0.67
Totals
934071 100.00 74724 100.00
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Week 4: solid storage at -20° C.

Data File: C:'\Documents and Settings\User'Desktop\alex-yxy\101-10.30-solid--20.dat
Method: C:\EZStart\Projects'Default\Method\tea\5~100.met
Acquired: 10/30/2015 11:38:48 AM
Printed: 2/16/2016 2:32:18 PM
75 Retention Time |1 75
|
50 - | | 50
£ |
251 I % g L2
. H se
oS — e - — —1lo
T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
8.817 951390 97.58 76749 98.21
10.392 9360 0.96 555 0.71
10.942 14243 1.46 843 1.08
Totals
974993 100.00 78147 100.00
Week 4: solution storage at room temperature.
Data File: C:\Documents and Settings\User'\Desktop'alex-yxy'\101-10.28-lig-rt.dat
Method: C:\EZStart\Projects'Default\Method'tea\5~100.met
Acquired: 10/28/2015 11:49:53 AM
Printed: 2/16/2016 2:38:42 PM
E Retention Time | F
60 || 60
P 40 ‘ ! Fa
s E | \ s B
204 ol B k20
g I 9¢
8§ R3S
- ,|'|| I~ gl\ o r
oS ’_.,J i —— — ——+to
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
7.242 13382 1.50 1109 1.55
8.867 850539 96.65 69534 97.20
9.742 7207 0.81 374 0.52
10.467 0194 1.03 520 0.73

Totals

889322 100.00 71537 100.00




264

Week 4: solution storage at 4° C.

Data File: C:\Documents and Settings'\User'Desktop'alex-yxy\101-10.28-1iq-4.dat
Method: C:\EZStart\Projects'\Default\Method\tea'5~100.met
Acquired: 10/28/2015 12:22:40 PM
Printed: 2/16/2016 2:35:17 PM
E @ntlon Time 1 3
60 \‘| I 60
" 404 | \ |40 »
2 E || i 2
oy
204 \ | 2 20
1 i g‘. | ° | b
03— e e | 0
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %o
8.800 871802 98.99 70378 99.31
10.383 8862 1.01 492 0.69
Totals
880664 100.00 70870 100.00
Week 4: solution storage at -20° C.
Data File: C:\Documents and Settings\User'\Desktop'alex-yxy\101-10.28-lig--20.dat
Method: C:\EZStart\Projects\Default'Method\tea'5--100.met
Acquired: 10/28/2015 12:47:30 PM
Printed: 2/16/2016 2:36:47 PM
Retention Time \ F
60 1 I‘ L 60
a 40 | 40 2
g 1 | : 3
204 | ‘ k20
N
ER| S| 3
03— |';.;\J_____ 0
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
8.792 840415 100.00 68130 100.00
Totals
840415 100.00 68130 100.00

HPLC spectra of BW-AQ-112.

Week 4: solid storage at room temperature.
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Data File: C:\Documents and Settings\User\Desktop'alex-yxy\112-10.30-solid--rt.dat
Method: C:\EZStart'\Projects\Default'\Method\tea\5~100.met
Acquired: 10/30/2015 2:07:19 PM
Printed: 2/16/2016 2:42:06 PM
3004 ETntian Time 300
2004 ‘ 2 k200
2 E = L 2
£ < g
1004 ‘ |1 I 100
|
E | f 3
A AN
04— — 0
T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.483 794670 100.00 106157 100.00
Totals
794670 100.00 106157 100.00
Week 4: solid storage at 4° C.
Data File: C:\Documents and Settings\User'\Desktop'\alex-yxy\112-10.30-solid-4C .dat
Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 10/30/2015 2:28:54 PM
Printed: 2/16/2016 2:40:14 PM
300—; Retention Time I 300
200 ‘ 2 200
® ] =+ Z
2 E = 3 2
100 4 H |1| - 100
E i s
A | || | I.
ol Jl ——y 0
T T T T T IR T T T T
0 2 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.483 850378 100.00 113272 100.00
Totals
850378 100.00 113272 100.00

Week 4: solid storage at -20° C.
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Data File: C:\Documents and Settings\User\Desktop\alex-yxy'112-10.30-solid-(-20).dat
Method: C\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 10/30/2015 2:52:47 PM
Printed: 2/16/2016 2:41:14 PM
3004 - -Retention Time - 300
2004 ‘ @ 200
] w
2 : < 2
s E - 3 s
100 U || - 100
1 |
E ‘ ||I -
04 ,\.'-_l \ _— || LN 0
] T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.483 824586 100.00 110433 100.00
Totals
824586 100.00 110433 100.00
Week 4: solution storage at room temperature.
Data File: C:\Documents and Settings\User'Desktop'alex-yxy\112-10.28-lig-rt.dat
Method: CEZStart\Projects'Default\Method\tea\5~100.met
Acquired: 10/28/2015 4:20:08 PM
Printed: 2/16/2016 2:47:23 PM
E ntion Time I
200 | 200
] 2 _
: ;
1004 F 100
M~ “ o
= | S
- o] | r~ L
“) fl «°
of— ‘ - :
T UL L R R | T L R L L B IR R I R | T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.317 12937 1.67 1625 1.59
4.475 754560 97.22 100190 97.81
8.792 8667 1.12 623 0.61
Totals
776164 100.00 102438 100.00

Week 4: solution storage at 4° C.



Data File: C:'\Documents and Settings\User'\Desktop\alex-yxy\112-10.28-lig-4¢.dat
Method: C:\EZStart'\Projects\Default'Method\tea'5~100.met
Acquired: 10/28/2015 4:53:02 PM
Printed: 2/16/2016 2:43:51 PM
3004 ReTnt\on Time 300
200 ‘ 0 | 200
r~
2 ¥
: 1| - :
1004 |1 - F 100
| ' ®
A ‘ | ; -
| \
04 PUUAN — ‘ I\ | I | i}
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.475 852535 99.02 114249 99.49
8.783 8399 0.98 590 0.51
Totals
860934 100.00 114839 100.00
Week 4: solution storage at -20° C.
Data File: C:\Documents and Settings\User\Desktop\alex-yxy\112-10.28-1ig-20.dat
Method: C:\EZStart'\Projects\Default\Method\tea\5--100.met
Acquired: 10/28/2015 5:29:19 PM
Printed: 2/16/2016 2:45:43 PM
3004 Retention Time
2004 24
E =
E I ‘ =T [
1004 | -
i I E _
a f | « ‘
03—-NA I
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.475 910761 99.10 122149 99.51
8.775 8235 0.90 596 0.49
Totals
918996 100.00 122745 100.00

HPLC spectra of BW-AQ-113.

Week 4: solid storage at room temperature.

Volts

Volts
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Data File: C:\Documents and Settings\User\Desktop'alex-yxy'113-10.30-solid-rt.dat
Method: C:\EZStart\Projects\Default'\Method\tea\5~100.met
Acquired: 10/30/2015 3:23:53 PM
Printed: 2/16/2016 2:51:31 PM
E ntion Time
200 ’E F 200
2 ‘ g
ERTE ‘ @ L 100
| /
04 _N"-_,“.. S S - "_‘_\_‘_.___ — S
0 2 s T S 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.842 924845 100.00 57008 100.00
Totals
924845 100.00 57008 100.00
Week 4: solid storage at 4° C.
Data File: C:'\Documents and Settings'\User'\Desktop'alex-yxy\113-10.30-s0lid-4C.dat
Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 10/30/2015 3:46:09 PM
Printed: 2/16/2016 2:49:35 PM
] Retention Time
2004 r [ 200
. g
= 100 @ 100
1l
0_: WY B — |_/ .SJ—_ — — _U
-"'I‘ T T T T T T T T T R B T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.833 897415 100.00 55208 100.00
Totals
897415 100.00 55208 100.00

Week 4: solid storage at -20° C.

268

Volts
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Data File: C:'\Documents and Settings\User\Desktop'alex-yxyi113-10.30-solid-(-20).dat
Method: C:\EZStart\Projects\Default'Method\tea\5~100.met
Acquired: 10/30/2015 5:11:34 PM
Printed: 2/16/2016 2:50:44 PM
300—; Retention Time F 300
200 ‘ L 200
2 E © g 8
s i 8 s
100 5 H = F 100
1 | ]
ol 1 <o 0
L T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.833 992710 100.00 61328 100.00
Totals
992710 100.00 61328 100.00
Week 4: solution storage at room temperature.
Data File: C:\Documents and Settings\User'\Desktop'alex-yxy'113-10.28-liq-RT.dat
Method: C:\EZStart\Projects'Default\Method\tea\5--100.met
Acquired: 10/28/2015 2:57:07 PM
Printed: 2/16/2016 2:54:02 PM
E ﬁ ntion Time: E
2004 T k200
2 ] 2 0 s
s 8 s
1004 - ~ - o t 100
o 3 [=] o
i 3 A ) e e L
‘ | © I 2 £y ©
AL ) ) b
07 = P —L—to
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
8.042 10762 1.18 932 1.67
11.858 864188 94.60 53111 95.26
13.342 9449 1.03 479 0.36
15.000 10428 1.14 485 0.87
18.600 18727 2.05 747 1.34
Totals
913554 100.00 55754 100.00

Week 4: solution storage at 4° C.



Data File: C:\Documents and Seftings\User'\Desktop'alex-yxy\113-10.28-lig-4C.dat
Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 10/28/2015 3:19:26 PM
Printed: 2/16/2016 2:52:37 PM
300 === SP0-20/ F 300
q Retention Time
200 E 200
2 E a L
g ] &
1004 U = L 100
i
04— - — — o
L T T T T T T T T T T T T T
0 2 4 6 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.850 974365 100.00 60054 100.00
Totals
974365 100.00 60054 100.00
Week 4: solution storage at -20° C.
Data File: C:\Documents and Settings\User'\Desktop'alex-yxy'113-10.28-lig--20.dat
Method: C:\EZStart'\Projects'\Default\Method\tea\5~100.met
Acquired: 10/28/2015 3:47:35 PM
Printed: 2/16/2016 2:53:24 PM
300 p0-204 I 300
Retention Time
2004 ﬁ k200
2 4 [ £
s & 2
100 H = I 100
E | ‘ IJ'-"a\
04 AN | /] Lo
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.842 927460 100.00 57246 100.00
Totals
927460 100.00 57246 100.00

HPLC spectra of BW-AQ-124.

Week 4: solid storage at room temperature.

Volts
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Data File: C:'\Documents and Settings\User'\Desktop'alex-yxy'\124-10.30-solid-1t.dat
Method: C:\EZStart\Projects'Default\Method\tea\5~100.met
Acquired: 10/30/2015 12:02:00 PM
Printed: 2/16/2016 2:59:21 PM
Retention Time 1
100 || L 100
- ‘| g
> 50 |50 >
o ‘ |
5 B
o)
D__ 1"“\ _,__.’_,J— — rEuf — U
T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.833 10123 0.93 1127 0.96
6.108 1078127 99.07 116506 99.04
Totals
1088250 100.00 117633 100.00
Week 4: solid storage at 4° C.
Data File: C:\Documents and Settings\User'Desktop'alex-yxy'124-10.30-solid-4C.dat
Method: CEZStart\Projects\Default\Method\tea\5~100.met
Acquired: 10/30/2015 12:23:38 PM
Printed: 2/16/2016 2:57:55 PM
150 F——— 150
Retention Time "
100 ~ ‘ ‘ 100
2 2
s | 2
504 | 50
8 |
(2]
-
0 1A ‘ | | k5 | 0
T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.825 10902 0.86 1286 0.94
6.100 1253523 00.14 136115 99.06
Totals
1264425 100.00 137401 100.00

Week 4: solid storage at -20° C.



Data File: C:\Documents and Settings\User'\Desktop‘alex-yxy'124-10.30-so0lid--20.dat
Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 10/30/2015 12:58:12 PM
Printed: 2/16/2016 2:58:40 PM
E&nt\on Time I
100 ‘| - 100
: \|
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@
oy
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0+— | o 0
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.825 9829 0.86 1177 0.95
6.092 1127704 99.14 123103 99.05
Totals
1137533 100.00 124280 100.00
Week 4: solution storage at room temperature.
Data File: C:'\Documents and Settimgs'\User'Desktop'alex-yxy'124-10.28-lig-rt.dat
Method: C:\EZStart\Projects'Default Method'tea\5--100.met
Acquired: 10/28/2015 1:11:47 PM
Printed: 2/16/2016 3:01:24 PM
100+ @antion Time | :_HDO
§ 50 H re0 £
> L >
o o a :
n____J'k__,_,_T_J__._.d___’.'m.'.l_LraJ_’_‘_L_____‘____— __________ Lo
T T T T T T T T T T T T T T T |L
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.833 9458 0.98 966 0.94
6.108 907862 94.14 98545 95.56
6.683 263 0.96 593 0.58
7.350 16351 1.70 1493 1.45
9.875 21440 222 1531 1.48
Totals
964374 100.00 103128 100.00

Week 4: solution storage at 4° C.

Wolts
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Data File: C:\Documents and Settings\User'Desktop'alex-yxy'124-10.28-1lig-4.dat
Method: C:\EZStart'\Projects\Default\Method\tea\5~100.met
Acquired: 10/28/2015 1:44:33 PM
Printed: 2/16/2016 3:00:06 PM
100—- Eientlon Time | 100
£ =0 ] ‘ ‘ tso %
-
0 _-_Jlll'g S I | I 5’- | 0
1 T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.842 8587 0.90 976 0.95
6.117 947582 99.10 102249 99.05
Totals
956169 100.00 103225 100.00
Week 4: solution storage at -20° C.
Data File: C:\Documents and Settings\User'\Desktop'alex-yxy\124-10.28-liq--20.dat
Method: C:\EZStart\Projects'Default\Method\tea5~100.met
Acquired: 10/28/2015 2:05:41 PM
Printed: 2/16/2016 3:00:40 PM
Retention Time l
100+ | 100
a8 | E
S 504 ‘ | 50 s
o
g ‘é‘
o)
od S ,’_J,, ~ ,l_'m‘;ﬂ;, I | o
T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.842 8974 0.87 1037 0.93
6.125 1020066 99.13 110176 99.07
Totals
1029040 100.00 111213 100.00

HPLC spectra of BW-AQ-101.

Week 9: solid storage at room temperature.



Volts

Data File: C:\Documents and Settings\User'\Desktop\alex\Long Stability\week91011101-solid-12.04-RT.dat
Method: C:\EZStart\Projects'\Defaunlt\Method'alex\50%.met
Acquired: 12/4/2015 9:24:44 AM
Printed: 12/4/2015 9:46:04 AM
75— r 75
Retention Time |F|
50 | \ k50
= | l @
8 25 gg ‘ I‘ 3 L5
§— || | 'c_;
1 N
0oL Ta T 0
g_,').
-25 @ [ 25
T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl1-256nm
Results
Retention Time Area Area % Height Height %
0917 86743 9.16 10128 13.27
1.275 11489 1.21 574 0.75
9.333 839332 88.67 65099 85.30
10.933 9037 0.95 519 0.68
Totals
946601 100.00 76320 100.00

Week 9: solid storage at 4° C.

Data File: C:'\Documents and Settings\User'Desktop\alex\Long Stability'week911011101-sol1d-12.04-4C dat
Method: C\EZStart\Projects\Default Method\alex\50%. met
Acquired: 12/4/2015 9:48:26 AM
Pnnted: 12/4/2015 10:09:29 AM
gemion Time |
504 || 50
§ 254 & | || 25
m =
2 9 2 e
© | S T
it 9 ’é L
i\ L S S S
I — [ B o
T T T T T T T T T T T T T T T T T T
0 2 4 3 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl1-256nm
Results
Retention Time Area Area % Height Height %
0.925 70280 7.69 9682 12.80
2.825 10798 1.18 529 0.70
9.200 802575 87.77 63480 83.95
10.783 8211 0.90 527 0.70
11.467 22509 246 1398 1.85
Totals
914373 100.00 75616 100.00

Week 9: solid storage at -20° C.

Voits
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Data File: C:'Documents and Settings'\User'Desktop'alex' Long
Stability\week9'101'101-solid-12.04-(-20).dat

Method: C\EZStart Projects'Default Method'\alex\50% met
Acquired: 12/4/2015 10:10:50 AM

Printed: 12/4/2015 10:31:16 AM
aenlion Time n E:
50+ ' -— 50
. | o
2 ] ‘ | I 2
25+ o wy s
& 2 8¢
° | EEEEE | | SF 3
L o oTi W W L - Lo | - I
of A AP 3y :
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Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
0.925 71384 6.70 9738 1151
2.750 16072 151 1361 161
3233 28186 2.64 1244 147
3.408 20086 197 1199 142
3.708 12449 1.17 1054 125
4.075 14208 1.34 961 114
4.675 20442 1.92 851 101
4817 0047 0.85 785 093
5417 10063 0.94 524 0.62
5733 10203 0.96 556 0.66
9.002 793432 7444 62885 7433
10.658 0523 0.89 566 0.67
11.325 40808 383 2513 297
19.608 8966 0.84 362 043
Totals
1065859 100.00 84500 100.00
Week 8: solution storage at room temperature.
Data File: C'\Documents and Settings\User'\Desktop'alex'Long
Stability'week811011101-11.25-solution-RT.dat
Method: C:\EZStart\Projects\Default'\Method'tea\5~100.met
Acquired: 11/25/2015 10:46:24 AM
Printed: 2/16/2016 4:26:41 PM
50 Retention Time ‘1‘ L e0
§ 254 ‘| | F25
= ‘ 2
e || 2
| ~ B =
04— 7,_,____|_/\J_ ;'J_,_r,L, — . S
T T T T T T T T T T T T
0 2 4 6 & 10 12 14 16 18 20
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
7.600 18206 2.55 1646 291
9.192 085938 96.12 54289 96.05
11.458 9458 1.33 586 1.04
Totals
713602 100.00 56521 100.00

Volts
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Week 8: solution storage at 4° C.

Data File: C:'\Documents and Settings\User'Desktop'alex'Long
Stability'week811014101-11.25-solution-4C.dat

Method: C:\EZStart\Projects'\Default\Method\tea\5~100.met
Acquired: 11/25/2015 11:08:26 AM
Printed: 2/16/2016 4:24:35 PM
Retention Time 1
50 |“‘ I 50
|
> 25 |25
| a8
| &2
0 __-‘FL_ B T - 0
T ] [
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
9.092 770653 97.53 61636 98.03
10.683 7370 0.93 487 0.77
11.308 12185 1.54 752 1.20
Totals
790208 100.00 62875 100.00
Week 8: solution storage at -20° C.
Data File: C:\Documents and Settings\User'Desktop'alex'\Long
Stability\week8'1011101-11.25-solution-(-20).dat
Method: C:\EZStart\Projects\Default\Method\tea'5-100.met
Acquired: 11/25/2015 11:29:43 AM
Printed: 2/16/2016 4:25:38 PM
Retention Time |
504 ||| |50
s 25+ | ‘ o 25
| 2
| N
| g\ | T
o+— o7 — - ——+0
L B B I B I L L I B L L I L I L B B LI IR L R
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area %o Height Height %
9.008 753601 08.07 60864 98.45
11.208 14827 1.93 957 1.55
Totals
768428 100.00 61821 100.00

Volts

Volts

276



HPLC spectra of BW-AQ-112.

Week 9: solid storage at room temperature.

Data File:

Method:
Acquired:
Printed:

C:\Documents and Settings\User'Desktop'alex'Long Stability\week911121112-solid-12.04-RT .dat

C:\EZStart\Projects\DefaultMethod\alex\40%. met
12/4/2015 11:56:34 AM
12/4/2015 12:16:59 PM

Volls

REI“UOH Time

} =

4.483

3497

P

T
10

6 8 12 14 16 18
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
0.950 59060 2.53 8483 226
1.092 79459 341 14558 3.88
1458 1312499 56.31 244727 065.15
2.500 21774 093 1930 0.51
2.675 22016 0.94 1580 042
2958 20965 0.90 1648 044
3.183 12846 0.55 1205 032
3.392 16758 0.72 1365 036
3.892 24678 1.06 876 0.23
4.117 11557 0.50 837 0.22
4483 749352 32.15 98425 26.20
‘ Totals
2330964 100.00 375634 100.00

Week 9: solid storage at 4° C.
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Data File: C\Documents and Settings\User'Desktop'alex'Long Stability\week911121112-s0l1d-12.04-4C dat
Method: C:\EZStart\Projects\Default Method'alex\40% met
Acquired: 12/4/2015 12:17:56 PM
Printed: 12/4/2015 12:43:03 PM
1 Etrntion Time -
2004 [ 200
[
E © E
- = g
2 -
4004 Lo~
§ [ = “
1 & i 25 1 3
oy
1 Al ] I
ol R o
1} I é ‘ tli 51 I é I 1ID 1I2 I 1‘4 1I6 I 1IE pui]
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
0.942 66905 2.86 8605 2125
1.083 83669 3.58 15044 393
1.450 1422092 60.87 258345 67.43
2.492 18960 0.81 1740 045
2.708 16261 0.70 1211 0.32
2.950 12866 0.55 1088 0.28
4.467 715450 30.62 97074 25.34
Totals
2336203 100.00 383107 100.00
. H °
Week 9: solid storage at -20° C.
Data File: C:\Documents and Settings'User\Desktop\alex'Long
Stability'week91121112-s0lid-12.04-(-20).dat
Method: CNEZStart\Projects'\Default\Method'alex'40%. met
Acquired: 12/4/2015 12:44-49 PM
Prmnted: 12/4/2015 1:10:55 PM
00— 300
]  Retention Time [
200 F 200
2
g < ’é
1004 i 100
2| mem |
E d_ﬁ OO0 I -
0d e o
TR 1
o 2 4+ & & © 12 14 1% 1 20
Minutes.
SPD-20A
Chl1-256nm
Results
Retention Time Area Area % Height Height %
0.958 58370 239 8375 2.09
1.100 81089 332 14872 37
1.467 1480857 60.62 270892 67.54
2.508 20751 0.85 2000 0.50
2.683 20195 0.83 1534 0.38
2967 19615 0.80 1636 041
3.192 10844 0.44 1032 0.26
3.400 14750 0.60 1216 030
3.600 8322 0.34 701 0.17
4475 728111 29.81 98844 24.64
‘ Totals
2442904 100.00 401102 100.00

Week 8: solution storage at room temperature.



Data File: C:'\Documents and Settings\User'Desktop'alex\Long
Stability\week8\1121112-11.25-solution-RT .dat
Method: C:\EZStart\Projects\Default'Method\tea'5~100.met
Acquired: 11/25/2015 1:12:35 PM
Printed: 2/16/2016 4:31:37 PM
7 Retention Time F
2004 r 200
‘ 0
E = L
2 =
=] =
Z 1004 ‘ - 100
- =
E 3 fi p [
SRRV “
i W L — L
0 - | 0
T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.300 20995 2.98 3007 312
4.475 674428 95.76 92894 96.28
8.817 8831 1.25 581 0.60
Totals
704254 100.00 96482 100.00
Week 8: solution storage at 4° C.
Data File: C:'\Documents and Settings\User'Desktoplalex'\Long
Stability'week811121112-11.25-solution-4C.dat
Method: C:\EZStart\Projects\Default'\Method\tea\5~100.met
Acquired: 11/25/2015 1:34:00 PM
Printed: 2/16/2016 4:29:33 PM
E ntion Time f
200 F 200
oo}
| un -
@ < @
2 3 2
ST ‘ g Lo *
E ‘ i ]
| |
odmJl " L 0
T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.458 701965 100.00 95843 100.00
Totals
701965 100.00 95843 100.00

Week 8: solution storage at -20° C.

Volts
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Data File: C:\Documents and Settings\User'Desktop\alex\Long
Stability'\week8'112\112-11.25-solution-(-20).dat

Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 11/25/2015 1:55:02 PM
Printed: 2/16/2016 4:30:31 PM
3 Retention Time r
200+ F 200
P~
o
o E <+ F
s
1004 I F 100
||
E | Il r
1 |
04—l ‘“ | 0
T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
4.467 731906 100.00 99714 100.00
Totals
731906 100.00 99714 100.00

HPLC spectra of BW-AQ-113.

Week 9: solid storage at room temperature.

Volts

280



Data File: C:\Documents and Settings\User'Desktop'alex'\Long Stability\week9113\113-solid-12 04-RT dat
Method: C:\EZStart\Projects\Default'Method'\alex'40%_ met
Acquired: 12/4/2015 1:12:09 PM
Printed: 12/4/2015 1:32:29 PM
00— 300
Retention Time
2004 F 200
- E o 3
z ‘ =
1004 i = F 100
%ﬁ y=2 ﬂ
EI-< i I 3
i - o
T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
0.942 57583 219 8355 231
1.083 81541 3.10 14895 4.11
1.450 1469472 55.84 274691 75.83
2492 14883 0.57 1392 0.38
2.908 29456 1.12 1082 0.30
3192 9371 0.36 780 022
3383 11285 043 947 0.26
11.733 958154 3641 60097 16.59
Totals
2631745 100.00 362239 100.00

Week 9: solid storage at 4° C.

Wolts
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Data File: C:'\Documents and Settings\User'\Desktop\alex'\Long Stability\week911131113-s0lid-12.04-4C.dat
Method: C:\EZStart\Projects\Default\Method\alex\40%.met
Acquired: 12/4/2015 1:33:05 PM
Printed: 12/4/2015 1:53:25 PM
300 — 300
Retention Time
2004 r 200
1004 | = 100
2 %
1 S ol M i
. ]Hgl 1 A ]
[ Il I
oz 4 & s 0 12 14 18 18 20
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
0.942 62647 2.39 8729 241
1.083 82281 3.14 14967 413
1.450 1458561 55.61 275476 75.99
2.492 13138 0.50 1392 0.38
2.900 31975 1.22 1076 0.30
11.725 974225 37.14 60890 16.80
Totals
2622827 100.00 362530 100.00
Week 9: solid storage at -20° C.
Data File: C:'\Documents and Settings\User'Desktop'alex'Long
Stability'week911134113-s0lid-12.04-(-20).dat
Method: C:\EZStart\Projects'\DefanltMethod\alex\40%.met
Acquired:
Printed:
3004 F 300
2004 k200
@ 4 [v] .
g 2
1004 | = L 100
£ =
1 & = fn L
o~
Al | |
0T T 0
T T T T T T T T T T T T T T T
1] 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
0.958 59246 2.24 8454 2.33
1.100 81122 3.06 14941 4.12
1.467 1493718 56.43 277214 76.49
2917 45225 1.71 1028 0.28
11.733 967695 36.56 60778 16.77
Totals
2647006 100.00 362415 100.00

Week 8: solution storage at room temperature.

Winits

Volts
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Data File:

C:\Documents and Settings\User'Desktop'alex\Long

Stability\week8'113'113-11.25-solution-RT.dat

Method: C:\EZStart'\Projects\Default'\Method\tea\5~100.met
Acquired: 11/25/2015 2:16:12 PM
Printed: 2/16/2016 4:34:58 PM
p Retgntion Time L
200 — r F 200
% ] T}
1004 H N L 100
4 - I~
d I~ o — w
- ()] uw
] | | 2 & A sl
i (")‘ P~ | .'I‘ II‘._ -
o | | N — \ 0
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.817 8639 1.14 1275 2.65
7.892 17390 2.30 1572 3.27
11.725 699271 92.38 43976 91.55
18.567 31672 4.18 1213 2.53
Totals
756972 100.00 48036 100.00
Week 8: solution storage at 4° C.
Data File: C:\Documents and Settings\User'\Desktop\alex\Long
Stability'week811131113-11.25-solution-4C.dat
Method: C\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 11/25/2015 2:37:13 PM
Printed: 2/16/2016 4:33:00 PM
B ETntwon Time r
2004 F 200
2 E ‘ ~ 3
= =
ST E = t 100
oY Y W A | | 0
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.717 874990 100.00 55102 100.00
Totals
874990 100.00 55102 100.00

Week 8: solution storage at -20° C.

Volts

Volts
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Data File:

C:\Documents and Settings'\User'Desktop'alex\Long
Stability\week841131113-11.25-solution-(-20).dat

Method: CEZStart'\Projects\Default\Method\tea\5~100.met
Acquired: 11/25/2015 2:57:55 PM
Printed: 2/16/2016 4:33:58 PM
E ntion Time P
200 I 200
2 ] oy r
2 ‘ =
100 .- I 100
04— - | 0
RS T T T R I | T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.725 860113 100.00 54129 100.00
Totals
860113 100.00 54129 100.00

HPLC spectra of BW-AQ-124.

Week 9: solid storage at room temperature.

Data File:

Method:
Acquired:
Printed:

C:\Documents and Settings\User'Desktop\alex'\Long Stability\week9'1011124-solid-12.04-RT.dat

C:\EZStart\Projects\Default\Method\alex\50%.met

12/4/2015 10:32:52 AM
12/4/2015 10:53:12 AM

100

Walts

504

Retention Time

100

Wolts

50

12 14

0
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
0.925 78668 7.16 9971 8.20
1.283 10826 0.99 535 0.44
3.858 9026 0.82 1095 0.90
6.158 1000374 91.03 109958 90.46
Totals
1098894 100.00 121559 100.00

Volts
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Week 9: solid storage at 4° C.

Data File: C:'\Documents and Settngs\User'Desktop'alex'Long Stability'week9\124'124-s0l1d-12.04-4C dat
Method: C\EZStart'Projects'\Default\Method\alex\50% met
Acquired: 12/4/2015 10:54:07 AM
Printed: 12/4/2015 11:14:47 AM
Retention Time
1004 {| 100
2 =0 ‘ ‘ Lsa
8 -0 0
3 EpEsE |
ol Al T A 0
I T [
R o B o A (REsssass T T
0 2 4 B a8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
0925 72215 598 9844 7.64
2.767 17818 147 1330 1.03
3.075 16410 136 1161 090
3.300 22736 1.88 1160 0.90
3542 12927 1.07 956 0.74
3.850 26685 22 1894 147
4217 10761 0.8% 823 0.64
4.550 13282 1.10 647 0.50
5.083 8867 0.73 365 0.28
6.133 1006334 83.30 110613 8588
‘ Totals
1208035 100.00 128793 100.00

Week 9: solid storage at -20° C.

Voits
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Data File: C:\Documents and Settings\User'Desktop'alex'Long
Stability'week9\124\124-so0l1d-12.04-(-20).dat

Method: C:\EZStart\Projects'\Default Method\alex'\40%. met
Acquired: 12/4/2015 11:15:55 AM
Printed: 12/4/2015 11:36:34 AM
Etention Time
100 | 100
§ 50+ H 50 §
g  ssges
o I~ @ Osn
w8
ST T e 0
T T T T T T T T T T T T T T T T T T
0 2 4 8 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
0933 74469 6.26 9820 784
2758 27078 228 1365 1.09
3.300 28975 244 1172 0.94
3.850 38440 323 1833 146
4200 11376 0.96 759 0.61
4533 10098 0.85 589 047
6.125 998629 83.98 109640 87.59
Totals
1189065 100.00 125178 100.00
Week 8: solution storage at room temperature.
Data File: C:'\Documents and Settings\User\Desktop\alex'Long
Stability'week8\1241124-11.25-solution-RT.dat
Method: C:\EZStart\Projects\Default\Method\tea'5~-100.met
Acquired: 11/25/2015 11:50:59 AM
Printed: 2/16/2016 4:38:23 PM
Refention Time
75 l 75
. 507 ‘ tso
2 | 2
@ &
25 5 Ll 28 3 L25
‘ s o ™ -
e g
o 2 & s s w2 1a s 1e 2
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.867 9526 1.13 903 1.00
6.142 765213 90.76 84063 93.04
6.783 9331 L1 545 0.60
7.458 25919 3.07 2419 2.68
10.017 33159 3.93 2420 2.68
Totals
843148 100.00 90350 100.00

Week 8: solution storage at 4° C.



Data File:

C:\Documents and Settings\User\Desktop'alex\Long

Stability'week®8.1241124-11.25-solution-4C.dat

Method: C\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 11/25/2015 12:13:22 PM
Printed: 2/16/2016 4:36:17 PM
1004 —— | 100
Retention Time |
I 50 ‘ | I50 2
= >
o I 8
3 >
“ B R
04— | = ‘ | 0
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.842 9473 1.12 950 1.02
6.117 828324 97.71 92225 98.64
15.400 9973 1.18 319 0.34
Totals
847770 100.00 93494 100.00
Week 8: solution storage at -20° C.
Data File: C:'\Documents and Seftings\User'Desktoplalex'\Long
Stability'week811241124-11.25-solution-(-20).dat
Method: C:\EZStart\Projects\Default\Method\tea\5~100.met
Acquired: 11/25/2015 12:34:34 PM
Printed: 2/16/2016 4:37:21 PM
1004 —— I 100
Retention Time ||
B 50+ ‘ - 50
: |
s |
. - 8
S —— | s 0
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.842 8441 0.98 947 0.99
6.108 850734 99.02 94661 990.01
Totals
859175 100.00 95608 100.00

HPLC spectra of BW-AQ-101.

Week 12: solid storage at room temperature.

Volts
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Data File: C:\Documents and Settings\User\Desktopalex'Long
Stability\week12\101'1101-s0lid-01.05-RT.dat
Method: C:\EZStart'\Projects'Default\Method\alex\50%. met
Acquired: 1/5/2016 10:10:44 AM
Printed: 1/5/2016 10:34:38 AM
1 Retention Time | 3
60 |‘ I 60
» 40—3 || 40 2
§ | L8
204 I] |‘ 2 20
1) 8, % i
03— F e e | 0
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
9.108 862161 99.01 68941 99.19
10.683 8635 0.99 565 0.81
Totals
870796 100.00 069506 100.00
Week 12: solid storage at 4° C.
Data File: C\Documents and Settings\User'\Desktop\alex\Long
Stability\week1211011101-so0lid-01.05-4C.dat
Method: C:\EZStart\Projects\Default\Method\alex\50%.met
Acquired: 1/5/2016 10:33:26 AM
Printed: 1/5/2016 10:59:25 AM
Eent\on Time I a
604 ||| F 60
. 409 | ‘ L 40 ‘,,
s E | d B
204 [ § E ﬁ k20
ol BS o
T o T 1
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
9.017 865255 96.21 69599 97.27
9.858 7431 0.83 372 0.52
10.575 10188 1.13 587 0.82
11.225 16436 1.83 995 1.39
Totals
899310 100.00 71553 100.00




Week 12: solid storage at -20° C.

Data File:
Stability'week1211011101-s0lid-01.05-(-20).dat

C:'\Documents and Settings\User'Desktop\alex'\Long

Method: C:\EZStart\Projects\DefaultMethod\alex\50%.met
Acquired: 1/5/2016 11:01:11 AM
Printed: 1/5/2016 11:21:35 AM
Eention Time ||
504 || +50
|
>
25 | | o = 25
[ ==
e -
ol S BT 1,
T [ [
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
8.933 787854 95.80 64448 96.68
10.475 7907 0.96 500 0.75
11.117 26621 3.24 1714 2.57
Totals
822382 100.00 66662 100.00
HPLC spectra of BW-AQ-112.
Week 12: solid storage at room temperature.
Data File: C:\Documents and Settings\User'\Desktop'alex'Long
Stability'week1241121112-s0lid-01.05-RT.dat
Method: C:\EZStart\Projects'Default\Method'\alex'\40%.met
Acquired: 1/5/2016 1:10:34 PM
Printed: 5/2016 1:31:35 PM
300 — F 300
Retention Time
200 4 o k200
2 E 3 E
g =+
1004 ‘ I F 100
E | |||‘ L
ad | JU 1
ol I 0
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.442 771118 100.00 105486 100.00
Totals
771118 100.00 105486 100.00

Volts

Volts
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Week 12: solid storage at 4° C.

Data File: C:'\Documents and Settings\User'Desktop\alex'\Long
Stability'week1241124112-s0lid-01.05-4C.dat

Method: C:\EZStart\Projects\Default'\Method\alex'40%.met
Acquired: 1/5/2016 1:33:12 PM
Printed: 1/5/2016 1:53:40 PM
300 ﬁntmn Time 300
200 « F200
2 3 2
s E A 3
1004 i £ 100
E | i
| I\
04— nd i ‘ e
T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 18
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.442 796271 100.00 109672 100.00
Totals
796271 100.00 109672 100.00
Week 12: solid storage at -20° C.
Data File: C:\Documents and Settings'User'\Desktop'alex'\Long
Stability'week1241121112-s0lid-01.05-(-20).dat
Method: C:\EZStart\Projects\Default\Method\alex\40%.met
Acquired: 1/5/2016 1:54:13 PM
Printed: 1/5/2016 2:16:21 PM
300 1 Retention Time 300
2004 - L 200
2 1 = 2
100 r‘ F 100
E l g
1 ‘ |
04— ~dl = \ 0
T T T T T T T T T T T T T T T
0 2 4 6 8 10 14 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.442 803326 100.00 110048 100.00
Totals
803326 100.00 110048 100.00

HPLC spectra of BW-AQ-113.



Week 12: solid storage at room temperature.

Data File: C:'\Documents and Settings'\User'Desktoplalex'Long
Stability\week12'1131113-s0lid-01.05-RT.dat

291

Method: C:\EZStart\Projects\Default\Method\alex'\40%.met
Acquired: 1/5/2016 3:02:02 PM
Printed: 1/5/2016 3:22:21 PM
300 ReTntion Time 300
2004 I 200
w 2] 3
g E ‘ 3 i g
1004 v I 100
W .."I \ |
ol I 0
T T LA R RS | T LN L LN IR | T LN R LR LR T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.608 1020268 100.00 64497 100.00
Totals
1020268 100.00 64497 100.00
Week 12: solid storage at 4° C.
Data File: C:\Documents and Settings\User'\Desktoplalex'Long
Stability'week1211134113-s0lid-01.05-4C .dat
Method: C:\EZStart'\Projects\Default\Method'\alex'40%.met
Acquired: 1/5/2016 2:41:03 PM
Printed: 1/5/2016 3:01:23 PM
3009 Retention Time 300
200 200
2 E o 3 -]
S 3 2
1004 ‘ = F 100
E | ‘.-" L
03—l r—— 0
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.592 957377 100.00 60735 100.00
Totals
957377 100.00 60735 100.00

Week 12: solid storage at -20° C.



Data File:

Stability\week121113\113-s0lid-01.05-(-20).dat

C:'\Documents and Settings\User'Desktop'alex'Long

Method: CEZStart'\Projects'\Default\Method\alex\40%.met
Acquired: 1/5/2016 2:20:03 PM
Printed: 1/5/2016 2:40:22 PM
3004 @ntmn Time F 300
200+ 200
1004 U = £ 100
E \ M b
0l i | | 0
T I ERAR RN I L AR L T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
11.592 961494 100.00 61418 100.00
Totals
961494 100.00 61418 100.00
HPLC spectra of BW-AQ-124.
Week 12: solid storage at room temperature.
Data File: C:\Documents and Settings\User'Desktoplalex'Long
Stability'week121124%124-s0lid-01.05-RT.dat
Method: C:\EZStart\Projects\Default'Method'alex\50%.met
Acquired: 1/5/2016 11:23:03 AM
Printed: 1/5/2016 11:43:25 AM
1004 Retention Time r| L 100
3 50 ‘ 50 2
- |
. 5 d
04 S r_l_ "‘TD_\J’ — — Lo
ISR R L B I L B L B I B I L I B I RS IR L R
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
3.817 8252 0.86 1009 0.94
6.075 955555 99.14 105933 99.06
Totals
963807 100.00 106942 100.00

Week 12: solid storage at 4° C.
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Data File: C:'\Documents and Settings'\User\Desktop'alex'Long
Stability'\week1211241124-s0lid-01.05-4C .dat

Method: C:\EZStart\Projects'\Default\Method\alex\50%. met
Acquired: 1/5/2016 11:45:10 AM
Printed: 1/5/2016 12:05:31 PM
Retention Time
1004 || L 100
§ 50 | 50
= | |
o
o
04 /‘_7_,__,,_-.J_._ I_J%LJ — 0
T T T T T T T T T T T T T T T T
1} 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
3.817 9177 0.91 1081 0.96
6.058 907826 90.09 111437 99.04
Totals
1007003 100.00 112518 100.00
Week 12: solid storage at -20° C.
Data File: C:\Documents and Settings'\User'Desktop'alex\Long
Stability'\week1211241124-s0lid-01.05-(-20).dat
Method: C\EZStart\Projects'\DefaultMethod\alex\50%. met
Acquired: 1/5/2016 12:06:16 PM
Printed: 1/5/2016 12:31:15 PM
E&ntion Time |
1004 | 100
K} 50 “ =0 s
o
o
=
04— e ._FJ _._rm-h_‘._ — - R S — o
AR LI B L B B I B L L I L B B L B L I
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
3.800 8765 0.88 1071 0.96
6.042 988168 99.12 109995 99.04
Totals
996933 100.00 111066 100.00

HPLC spectra of BW-AQ-101.

Volts
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Week 17: solid storage at room temperature.

Data File: C:'\Documents and Settings\User\Deskfop'alex'Long Stability\week17101-2016-0208-solid-1t.dat
Method: C:EZStart\Projects'Default\Method\alex\50%. met
Acquired: 2/8/2016 1:37:37 PM
Printed: 2/8/2016 1:58:39 PM
Retention Time |'| 3
60 — | 60
. 407 | \ a0,
S —i | | 3 =
20 | 2 F20
E © :
I|| .g, | - |
oS fo —— 0
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
8.675 809459 99.11 67984 99.50
13.175 727 0.89 339 0.50
Totals
816733 100.00 68323 100.00
Week 17: solid storage at 4° C.
Data File: C:'\Documents and Settings\User'Desktop\alex\Long
Stability'week171101-2016-0208-solid-4C .dat
Method: C:\EZStart\Projects\Default\Method'\alex\50%.met
Acquired: 2/8/2016 2:00:06 PM
Printed: 2/8/2016 2:28:48 PM
@ent\on Time !|
50| || 50
|
7 25 | | - - 25
| g 8
| o ©
J
D S - N IJ | _1g
T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
8.633 775358 97.72 64980 98.55
10.667 8643 1.09 576 0.87
13.133 9488 1.20 377 0.57
Totals
793489 100.00 65933 100.00




Week 17: solid storage at -20° C.
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Data File: C:\Documents and Settings\User'Desktop'alex\Long
Stability\week174101-2016-0208-s0lid-(-20).dat
Method: C:\EZStart\Projects\Default'Method'alex'\50%.met
Acquired: 2/8/2016 2:30:24 PM
Printed: 2/8/2016 2:51:00 PM
E Retention Time i C
60 || F60
@ 40 | ‘ 40
s @ I _
| re] ©
204 \ 2 = F20
1 = ) b
O__x"-,,___ — "m'\__J__,_,T. | J 0
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
8.608 841784 97.46 70417 98.19
10.625 13526 1.57 920 1.28
13.108 8407 0.97 381 0.53
Totals
863717 100.00 71718 100.00

HPLC spectra of BW-AQ-112.

Week 17: solid storage at room temperature.



Data File: C:'\Documents and Seftings\User\Desktop\alex'\Long
Stability\week171121112-2016-0209-solid-R T .dat
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Method: CEZStart\Projects\Default\Method\alex'\40%.met
Acquired: 2/9/2016 12:14:01 PM
Printed: 2/9/2016 12:44:38 PM
3004 E ntien Time F 300
200 ‘ ~ I 200
2 E 0 i
g =
1004 1 F 100
| u
E ‘ 3
Nl |
ol U o
Mamans T T T T L LR L B I B I L T iananannmnn
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.517 710514 100.00 99346 100.00
Totals
710514 100.00 99346 100.00
Week 17: solid storage at 4° C.
Data File: C:'\Documents and Settings\User'\Desktop'alex'Long
Stability'week17'112\112-2016-0209-solid-4C.dat
Method: C\EZstart\Projects\Default\Method\alex'40%.met
Acquired: 2/9/2016 12:46:47 PM
Printed: 2/9/2016 1:09:49 PM
3004 ReTnnon Time F300
2004 o F 200
z E g 3
2 <
1004 r‘ F 100
1 | ;
a1 I
WA . I 0
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.492 720439 100.00 100241 100.00
Totals
720439 100.00 100241 100.00

Week 17: solid storage at -20° C.
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Data File: C:'Documents and Settings\User'Desktop‘alex'\Long
Stability\week1711121112-2016-0209-s0lid-(-20).dat
Method: C:\EZStart\Projects\Default\Method\alex'\40%.met
Acquired: 2/9/2016 1:11:25 PM
Printed: 2/9/2016 1:31:46 PM
300 RetIntmn Time 300
2007 L 200
© 3 o~
2 : ;
1004 i k100
] I
E || I :
; I
ol i | 0
T RS R T T LU B L B B B B B L L LI IR L
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
4.492 679471 100.00 95179 100.00
Totals
679471 100.00 95179 100.00
HPLC spectra of BW-AQ-113.
Week 17: solid storage at room temperature.
Data File: C:\Documents and Settings\User'Desktop'alex\Long
Stability\week17'1131113-2016-0209-30lid-RT.dat
Method: C:\EZStart'\Projects\Default\Method\alex'\40%.met
Acquired: 2/9/2016 1:32:50 PM
Printed: 2/9/2016 1:57:21 PM
3004 E ntion Time 300
2004 F 200
1004 ‘ o L 100
Wl i\
04— I 0
L B L L B I B B L B I I B L I L B R I I T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
12.042 928677 100.00 57148 100.00
Totals
928677 100.00 57148 100.00




Week 17: solid storage at 4° C.

Data File: C:\Documents and Settings\User'Desktop'alex\Long
Stability'week1741131113-2016-0209-solid-4C.dat
Method: C:\EZStart'\Projects\Default\Method\alex'40%.met
Acquired: 2/9/2016 1:59:55 PM
Printed: 2/9/2016 2:24:02 PM
3004 - -Retention Time £ 300
200—; F 200
- ] e
P ] 8 3
1004 h d F 100
04 AL : | 0
R e e e e o LIS I e o B B B B s s RS S
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
12.025 1005160 100.00 61915 100.00
Totals
1005160 100.00 61915 100.00
Week 17: solid storage at -20° C.
Data File: C:\Documents and Settings\User'Desktoplalex'Long
Stability'week17'113\113-2016-0209-solid-(-20).dat
Method: C:\EZStart\Projects'Default\Method‘\alex'\40%.met
Acquired: 2/9/2016 2:24:38 PM
Printed: 2/9/2016 2:56:49 PM
3004 ﬁanton Time - 300
200 | 200
1004 ol I 100
0 f.-'-\4| L ‘ | 0
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Ch1-256nm
Results
Retention Time Area Area % Height Height %
12.008 917495 100.00 56582 100.00
Totals
917495 100.00 56582 100.00
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HPLC spectra of BW-AQ-124.
Week 17: solid storage at room temperature.

Data File: C:\Documents and Settings\User'\Desktop'alex\Long
Stability'\week1711241124-2016-0208-s0lid-RT.dat
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Method: CAEZStart\Projects'Default\Method'alex\50%. met
Acquired: 2/8/2016 2:52:09 PM
Printed: 2/8/2016 3:17:51 PM
1004 @antion Time ’| | 100
§ 50 ‘ | 50
M~ M~
288 3 |
. it 0 @
- :
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
3.867 13072 1.32 1146 1.06
4.233 7254 0.73 429 0.40
5.217 7378 0.75 358 0.33
6.150 961388 97.20 106036 98.21
Totals
989092 100.00 107969 100.00

Week 17: solid storage at 4° C.



Data File:

C:\Documents and Settings\User\Desktop'alex'Long

Stability\week1711241124-2016-0208-solid-4C.dat

300

Method: C:\EZStart'\Projects'Default'\Method\alex\50%. met
Acquired: 2/8/2016 3:18:49 PM
Printed: 2/8/2016 3:39:39 PM
100_- aent\on Time ’ L 100
§ 50-| ‘ ‘ I 50
' o |
i
I
N o
[ A S | | ‘-[O. | — I 0
-" T R B T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl1-256nm
Results
Retention Time Area Area % Height Height %
3.842 8280 0.87 1034 0.97
6.125 944452 99.13 105822 99.03
Totals
952732 100.00 106856 100.00
Week 17: solid storage at -20° C.
Data File: C:\Documents and Settings\User'Desktop'\alex\Long
Stability'week17\1241124-2016-0208-so0lid-(-20).dat
Method: C:\EZStart\Projects\Default'Method\alex\50%.met
Acquired: 2/8/2016 3:40:31 PM
Printed: 2/8/2016 4:01:01 PM
1004 Eﬁntion Time |1 L 100
s 50 ‘ | I 50
: g
«
o
o+—A 7—'-J—|—'@J— ——————— ———10
T T T T T T T T T T T T T T T
0 2 4 [ 8 10 12 14 16 18 20
Minutes
SPD-20A
Chl-256nm
Results
Retention Time Area Area % Height Height %
3.850 8303 0.87 1044 0.96
6.133 946877 99.13 107315 99.04
Totals
955180 100.00 108359 100.00
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Appendix C NMR data for the compounds described in Chapter 2
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ALEX_XI 55_ESPOS_BWANG_05132015 8150-161 RT: 245260 A

T: FTMS + p NSI Full ms [100.0071000 00]
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ALEX_X| 137_ESIPOS_BWAMNG 05132015 #145-160 RT: 223-243 } NL: 7 90E7

T: FTME = p NEI Full ms [100.00-1000.00]
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ALEX XI 139 ESIPOS BWANG 05132015#225-259 RT. 3.30-3.

T: FTMS + p NSI| Ful ms [100.00-1000.00)
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ALEX X| 153 ESIPOS BWANG D5132015#199-219 RT. 2.38-3.25 /
T: FTMS + p NG| Full ms [100.00-1000.00]
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KWang KW W1 50 ESPOS BWang 10252014 #184-197 RT: 2.60- #2114 NL Z02ET
T: FTMS + p ESI Full ms [100.00-1000.00]
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ALEX_¥I_51_ESIPOS_BWANG_05132015#197-212 RT 308328 A L 68857
T: FTWS + p M1 Full ms [100.00-1000.00]
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ALEX_XN 43_ESipos_BWANG_05072015_1_150507250426 #182-221 381 AV-30 N 3T0ET
- FTWS +p 51 Ful ms [100.001000.00]
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Spos_BWANG (S0T2015_1#182-182 AT 230-200 4 L 286ET
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DK_VN_34_ESpos_BWANG_ DS072015_1 $965-480 RT-207:348 AV 22967
T: FTMS + p ESIFull ms [100.00-1000.00]
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DK VI 24 ESlpos BWANG 05072015 1#184-172 RT: 284305 AV 4.38E7
T FTMS + p ESI Full ms [100.00-1000.00]
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DK VI 45 ESpos BWANG OSOTZ0IS 12141-151 RT: 265280 AV
T: FTMS + p E51 Full ms [100.00-1000.00]
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Alex_XIl_45_F2_ESPOS_BWang_12172014 #174-100 RT: 24728

T: FTMS +p ESI Full ms [100.00-1000.00]
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ALEX_XN_X5_ESpos BWANG_DS0T2015_1 187197 AT 307350
T TS +p ES Full ms [100.00-1000.00]
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