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DESIGN AND SYNTHESIS OF HIFL INHIBITORS AS ANTFCANCER THERAPEUTICS

by

SARAH KATHRYN BURROUGHS

Under the Direction of Dr. Binghe Wang

ABSTRACT

Cancer is responsible for one fourth of the total deaths &hd second leading cause of
death, behind heart disease the United StatesHowever, there are as many approaches to
curing cancer as there are types of can©ee important issue in solid tumors is hypozaidack
of oxygen,which promotesangiogenes and anaerobic metabolisnvhich can increase caac
progression and metastasifie HIF transcription factor is responsible for the mediation of many
processes involved during hypoxia and is linked to poor patient progmosisased cancer
progressionand invasiveness of tumorg/ith this in mind,the HIF pathwayhas becomean
attractive target for small molecule inhibition. Herein, we describe the design and synthesis of
small molecules that inhibit the HIF pathwalhese compounds are based off @itial OhitO
compound, KCNL, from screeningf a 10,000 compound library. KCN4 both highly effective

and has a low toxicity profileOver 200 compounds have been synthesized by the Wang lab,



with the best compound IVSR64b having arolGf 0.28 pM. Of special interest is that these
compounds do not appear to have any inherent toxicity toward healthy tissues, but only affect
cancer cells. Moreover;pay crystal structures for both KENand IVSR64b were obtained and

used as the basis for computationald@ling, which is still in progress.

INDEX WORDS: Smalmolecule inhibitors, HIF, Hypoxia, Anttancer therapeutics, Medicinal
chemistry
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1 INTRODUCTION

When people as what | do for a living, and | say thah Irasearching antiancerdrugs;
they always ask if | think we will find a cure for cancer. | have to explain lilea¢ tare as many
different approaches to curing cancer as there are types of cdbwer.of the major
disadvantages to most cancer treatments is the toxicity to healthyandl thughe unwanted
side effects such dwir loss, nausea, fatigue, loss of appetite, and bone marrow suppression. In
order to combat these undesired side effects, many researchers focus on trying to find new ways
to target cancer itself and not hégl tissue. Our research is focused on one specific aspect of
cancer, hypoxia (a lack of oxygen), which occurs in solid tumors. The major advantage to
targeting hypoxia is that it is not typically found in healthy tissues and by only affecting hypoxia
area, we can selectively treat the cancer without damaging the healthy ti3staled
information on hypoxia and the HIF pathway is included in the first chapter of this dissertation.
This dissertation is broken up into 4 chapters: the first is a revieer pepanticancer
HIF therapeutics which has been published as an invited reviewtime Medicinal Chemistry
the other 3 are manuscripts of papers in preparation for publickboreach chapter, | wrote the
manuscript, designed and synthesized marthettompounds, and helped conceive the concept
as a whole. The biological testing was carried out by the Dr. Erwin G. Van Meir laboratory at
Emory University. Other group members, including Dr. Krishna Damera, Dr. BoweDrKe,
Suazette MooringJalisa Hblmes, and Zeus de los Santos synthesized compounds that are

included with their permission, as noted.



2 HYPOXIA INDUCIBLE FACTOR PATHWAY INHIBITORS AS ANTI -CANCER

THERAPEUTICS

This work is reproduced with permission fraime review paperQHypoxia inducble
factor pathway inhibitors as astancer therapeuti€d@Sarah Kathryn Burroughs, Stefan Kaluz,
Danzhu Wang, Ke Wang, Erwin G. Van Meir, and Binghe Wé&ngure Medicinal Chemistry

(2013) 5 (5) 55%572.

2.1 Abstract

Hypoxia is a significant feature of solitumor cancers. Hypoxia leads to a more
malignant phenotype that is resistant to chemotherapy and radiation, is more invasive and has
greater metastatic potential. Hypoxia activates the hypoxia inducible factor (HIF) pathway,
which mediates the biologicaffects of hypoxia in tissues. The HIF complex acts as a
transcription factor for many genes that increase tumor survival and proliferation. To date, many
HIF pathway inhibitors indirectly affect HIF but there have been no clinically approved direct
HIF inhibitors. This can be attributed to the complexity of the HIF pathway, as well as to the

challenges of inhibiting proteliprotein interactions.

2.2 Hypoxia in cancer

Cancer is the second most common cause of death in the USA, with practically one in
every fou deaths due to cancer [301]. Moreover, the most recent data report that in 2008 there
were over 12.5 million new cases of cancer diagnosed worldwide and that by 2030 this number
is anticipated to swell to over 20 million [302]. Many cancers involve soirtbr formation, and
during periods of rapid growth, tumors outgrow existing blood supply, leading to the

development of hypoxic (partial oxygen pressure of less than 5 Torr) and anoxic regions [1].



Tumors remedy this by producing angiogenic factors thatl Ito the formation of tumor
vasculature, although, with structural and functional anomalies. These include arteriovenous
shunts, blind ends, occlusions, high angle branching patterns, and broken, leaky vessels [2].
Abnormalities in the tumor vasculatunmait oxygen delivery, leading to acute hypoxia [3].

Hypoxic tumors are more resistant to radiation and chemotherapy, are more invasive, are
genetically unstable, resist apoptosis and have greater metastatic potential; all of which leads to
poorer prognosi overall for patients [4,5]. It has been demonstrated that tumor irradiation is
threetimes more effective when carried out under oxygen versus anoxic conditions.
Moreover, the effectiveness of anticancer therapeutics that target rapidly dividiagiscel
reduced against hypoxic cells due to the decreased rate of cell proliferation that increases with
distance from vasculature [6]. Another factor in treatment resistance is duecanttes stem
like cells (CSCs), which are a relatively rare subpopata of tumor cells with selfrenewal
capacity. CSCs reside in hypoxic niches of tumors and are more resistant t@anadchemeo
therapyinduced DNA damage, allowing them to survive the treatment and repopulate the tumor
with their progeny. Typically, wlonged hypoxia triggers cell apoptosis, but in tumors, it can
lead to the selection of tumor cells with mutant p53, which are resistant to apoptosis and confer a
more malignant phenotype [7]. Clinical studies have shown that many cancers with hypoxic
tumors are more likely to be metastatic, including soft tissue sarcomas, squamous cell head and
neck carcinomas, cervical carcinomas and malignant melanomas [8]. Therefore, hypoxia can
either lead to cell death through apoptotic or necrotic pathways, ol fgraderation through

activation of various other pathways [3].



2.3 The HIF pathway

Figure 2.1 The HIF-1 Pathway
Under normoxic conditions, HiEa is rapidly hydroxylated by prolyl hydroxylases, which
mediates binding by theHL ubiquitin ligase complex, addition of pelyb which tags it for
proteosomal degradation. Under hypoxic conditions, prolyl hydroxylases cannot hydroxylate
HIF-1a, preventing VHL binding which leads to HIF stabilization. HIF1 ! then
heterodimerizeswith HIF-1", recruits the p300/CBP efactors and forms an active HIF
transcription complex in the nucleus that binds to HREs on target genes and activates their
transcription. HIF: Hypoxia inducible factor; HRE: Hypoxia response element; Ub: Ubiquitin

chains; VHL: von HippelLindau tumor suppressor protein.



The hypoxia inducible factofHIF) pathway is a major mediator of the biological effects
of hypoxia in tissues (Figure .2) [9]. HIFs are bas#oop-helix-loop motif heterodimeric
transcription factors composed of two subunits: an oxygguolated a subunit (HE!, -2!, or -

3!) and the constitutively expressed HIF (also called aryl hydrocarbon receptor nuclear

transloc#or) [10]. Under normoxic conditions, HF subunits are hydroxylated by Pa-
dependent HIF prolyl hydroxylases (PHD), mostly PHD2, at two proline residues (402 and 564
in human HIF1!) located in the oxygen dependent degradation domain [11,12]. This
dihydroxylated form of HIF is bound by VHL, which is an E3 ubiquitin ligase that leads to the
ubiquitination of HIF! and subsequent proteasomal degradation [13,14]. This interaction
between VHL and HIR! has been shown in some instances to be promoteatétylation of

HIF by the ARD1 acetyltransferase at lysine 532, increasing ubiquitination and degradation [15].
However, the role of acetylation of HIF is still somewhat controversial and needs further
exploration.

Conversely, under hypoxic conditions, P$lldse activity and HHF units are no longer
degraded. As HIA! or HIF-2! accumulate, they bind to HIF1 and form the HIF
heterodimers, which translocate to the nucleus and, along witicte@tors (p300 and CBP),
form the transcriptional complexes thhind to hypoxic response elements (HRES) in the
regulatory regions of many genes [16]. HREs are compoisiecting elements, comprising the
necessary but not sufficient HIthding site with the consensus sequence RCGTG (where R =
purine A or G) and &lIF-Incillary sequence [17]. The transactivation potential of the-HIF
p300 complexes is regulated via deacetylation of p300 by histone deacetylase [18].

HIF activity is also regulated in an oxygedependent manner by an asparaginyl

hydroxylase, Factotnhibiting HIF-1 (FIH1), which hydroxylates an asparagine in the C



terminal activation domain (CAD) of the a subunitd83 in human HIFL!) under normoxia

and mild hypoxia. Hydroxylation of 1803 blocks interactions between HiFand p300/ CBP
coactivates preventing HIF activation [19]. Because FIH1 is less sensitive to oxygen drop than
PHDs, it remains active under moderate hypoxia and maintains the inactivity of tHe HIF

molecules that avoid the PHDediated degradation that occurs in mild hypoxigd.[20

PHDs and FIH1 are dioxygenases that, in addition to molecular oxygen, req%TrarF:b
2-oxoglutarate (Z0G) cafactors for activity [20]. This provides an opportunity for regulation of
their activity and in turn HIR! levels/ HIF activity. Iron chelaon is frequently used for
activation of HIF1 in cell culture [20]. There has also been some evidence of mitochondrial
involvement in HIF regulation in that, under moderately hypoxic conditions, mitochondria will

produce reactive oxygen species (ROS) fimmplex Il of the electroftransport chain, which

inhibit the activity of PHDs by oxidizing P& to F(-,3+, thus accelerating the stabilization of HIF
[21,22]. 20G is an intermediate in the tricarboxylic acid (TCA) cycle and structurally related
compounds(e.g., dimethyloxalylglycine or other TCA cycle intermediates, fumarate and
succinate) can inhibit activity of PHDs directly by reversibly competing for the active site with
2-OG or indirectly via increasing cellular levels of ROS [23]. Recently, hetgoasymutations

in IDH1 or IDH2 genes were described in glioma and acute myeloid leukemia. Mutant proteins,
acting in a dominantegative fashion, are defective in their ability to oxidize isocitrate @§52

[24]. This initial report suggested that in ceNgh mutant IDH HIF1! is indirectly stabilized
because reduced synthesis D@ lessens PHD function [24]. However, further studies found
comparable levels of-@G in both wildtype and mutant cells; instead, the mutant IDHs acquire
a neomorphic actiwt which reduces-©G to 2hydroxyglutarate (HG) [25]. Moreover, it was

reported thatR)-2-HG, the product of mutant IDH, can be utilized in place-&¥@ in the active



center of PHDs. HereRf-2-HG (but not §-2-HG which acts as an inhibitor of PHDs
oxidized into 20G, resulting in increased PHD activity and correspondingly decreaset HIF
levels and HIF activity [26]. More work will be required to finalize the functional consequences
of IDH mutations on activity of the HIF pathway and tumor growt

Finally, HIF! is situated at the convergence of multiple oncogenic and tumor suppressor
pathways, including the PI3K/AKT and MAPK/ ERK pathways, which regulate HIF
nonspecifically in an oxygemdependent manner. Activation of the PI3K/AKT pathway has
been demonstrated to increase translation of HIMRNA and HIF1a production [27,28].
Tumor suppressors (p53, GSK3b, and so forth) interfere with HIF function by decreasitiy HIF
stability or transcriptional activity [23]. One important type of regalatis that of HIF1!
phosphorylation, which can affect both HlF stability and its transactivation potential. HIF
can be phosphorylated by GSK3 at three serine residues (551, 555 and 589) within the human
HIF-1! N -terminal transactivation domain [29]3 This recruits Fow7 and USP28, which then
mediates HIFL! ubiquitination and subsequent VHLindependent proteasomal degradation
[31]. PLK3 also destabilizes HiE! by phosphorylation at two serine resides (576 and 657) [32].
Conversely, phosphorylatiasf HIF-1! can have a stabilization effect. It has been demonstrated
that ATM can phosphorylate HHE at Ser696, which increases its stability [33]. HIF is also
phosphorylated in its CAD by ERK1, which increases its transcriptional activity, butsnot i
stability [34]. Thr796 in HIF1! is phosphorylated by CK2 and this phosphorylation is also
important for its transactivation potential and not stability [35,36]. The p42 and p44 MAPK
pathways regulate HIE! post-translationally by phosphorylating twaerine residues (641 and
643). This phosphorylation promotes nuclear accumulation ofiHI#which leads to an increase

of HIF-1-activated transcription [37,38]. In addition, HIF Ser 247 phosphorylation



coregulates the dimerization of HIF/HIF -1" compex. HIF1! can be phosphorylated on Ser
247 in the PASB domain by CK1, which destabilizes the HIF-1" complex, and thus
diminishes its transcriptional activity [39]. HIE/-1" dimerization is also regulated by means
other than HIFL! phosphorylation.For example, COMMD1 binds to the-tdrminal domain of
HIF-1!, competing with HIF1" binding, and subsequently decreases the DNA binding and
transcriptional activation of the complex [40]. Finally, the HIFp300 interaction is also post
translationally egulated. Both hydroxylation of asparagine 803 amiti®sylation of cysteine
800 in the CTAD of HIF-1! decrease p300 binding, while phosphorylation of-T86 in the C

TAD does not affect p300 binding [41].

2.3.1 Distinct roles of HIF-! subunits

Among the thee members of the HHFfamily, HIF -1! and HIF-2! (also called EPAS1,
MOP2 or HLF) have been extensively studied, whereas significantly less is known about the
third member, HIF3!. HIF-! proteins exhibit high conservation in overall amino acid sequence,
as well as similar domain structure, mechanisms of activation, heterodimerization wit\',HIF
and binding to the same Hifinding site [20]. HIF 1! and HIF-2! each contain an NMerminal
activation domain and CAD, and both act as positive transcriptiegalators. In contrast, the
truncated HIF3! lacks a CAD and acts as a dominant negative regulator of transcription and its
expression is suppressed in renal cell carcinoma [23].

Despite the abovmentioned similarities, there is mounting evidence that-HI&nd

HIF-2! subunits are functionally distinct. The fact that neither HIF~ nor HIF-2! /- embryos
can survive suggests a lack of functional complementation between the two isoforms [42]. The
ubiquitous expression of HiE!, as opposed to the morelcype-specific expression of HIZ!,

also suggests different physiological roles. Knockdown of-Hibr HIF-2! by siRNA elicits



remarkably different celpecific effects: in endothelial and breast cancer cells hypoxia
inducible gene expression has beEmonstrated to be critically dependent on -HlFbut not
HIF-2! [43]; whereas in renal carcinoma cells, expression was critically dependent e2! HIF
[44]. HIF-! isoforms display unexpected reciprocal suppressive interactions in renal cell
carcinoma: endénced expression of HHE suppresses HIRL! and vice versa [44].

In certain cancers, HHE! and HIF-2! have been shown to play contrasting roles in
tumorigenesis. Contrary to earlier conclusions, -HIFexpression was found to correlate with
lower diseas stages in clear cell renal cell carcinoma (ccRCC);smaall-cell lung cancer, head
and neck squamous cell carcinoma and neuroblastoma; where@s ¢dpression was found to
correlate with more advanced stages and was consistently scored as a neggtivstip factor
[45]. The most compelling evidence about the distinct roles ofIHI&nd HIF-2! has been
accumulated in the VHideficient ccRCC: while ccRCC always overexpress -BllIFand
sometimes overexpress HIF, only HIF-2! is required for their grarth [46]. In addition, both
HIF-1! and HIF-2!, stabilized upon VHL inactivation, can transcriptionally dovegulate
transcription oHIF-1! in ccRCC through a mechanism that involves binding of eitherisub
to a reverse HRE in thdlF-1! proximal pronoter followed by a series of repressive- @e
modifications [47]. This observation is in agreement with previous reports suggesting that in the
early stages of ccRCC HIE provides a metabolic advantage due to activating glycolytic
enzymes, but hindsmprogression by inducing cealycle arrest or apoptosis. Inactivation of HIF
1! and its replacement with HH2! discontinues this inhibitory effect and ccRCC rapidly
progresses [45,48,49]. Together, these data support the notion th& HHS a greater

oncogenic potential than HE in ccRCC [50].
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2.3.2 Distinct functions of HIF-1! and HIF -2! in certain types of cancer can be explained

by differential direct and indirect transcriptional effects

HIF-1! and HIF-2! activate different sets of transcriptional tatg (direct transcriptional
effect). Several studies have shown that -#HIFand HIF-2! differ in their capability to
transactivate hypoxiaducible genes. Some genes were transactivated exclusively b¥!HIF
(notably glycolytic and proapoptotic genes) wdas others were transactivated by both isoforms
[43,51]. HIF2!, on the other hand, is a more efficient activator of genes encoding stem cell
markers (see below). In a report that used siRNA methodology2HiFeferentially regulated a
small group of gees that had in common binding sites for the ETS family of transcription
factors in their promoter regions. KnockdownEdfK-1, the most prominent member of the ETS
family, significantly reduced hypoxic induction of the H2F-dependent genes [52]. A nunmbe
of regulatory elements (e.g., ATF CREB1, AP-1 and Spl)have been described to cooperate
with HREs, [16]; however data on whether their cognate factors preferentially engage in
cooperation with HIFL! or HIF-2! are scarce. Together, these studies ssigtieat, of the two
isoforms, HIF1! is a more universal activator [51], whereas FAFis the more selective
activator of transcription and the observed significant quantitative differences/specificity of
activation could be accounted for by preferent@bperation of one isoform with transcription
factors binding to the regulatory elements juxtaposed to HREs [23]. Sirtuins, a family of stress
responsive nicotinamide adenine dinuclectidépendent histone deacetylases that serve as
sensors of the cellularedox state, also control transcriptional activity of HlFand HIF-2!
[23]. Sirtl was reported to deacetylate both HlIFand HIF-2! with different functional

outcomes: deacetylation of HIE decreases its transcriptional activity [53], whereas
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deacetiation of HIF-2! resulted in enhanced transcriptional activity [54]. Thus, conditions of
cellular redox/metabolic stress faiene activity of HIF1! and HIF-2!.

HIF-1! and HIF-2! differentially modulate the activity of other transcription factors
(indirea transcriptional effects). HHE! and HIF-2! have been reported to modulate (through
direct or indirect interactions) the transcriptional activity of certain critical oncogenes/tumor
suppressors with opposite outcomes. Notable in this respect is MY@nitteon of which is
antagonized by HHL! but enhanced by HIR2! [46,55]. Differential regulation of the tumor
suppressor protein p53 by HIF and HIF-2! was also reported. On the one side, HIF
directly binds p53, inducing its stabilization, and ewuefly causing cell death [56,57].
Conversely, inhibition of HIR2! has been shown to promote p53 activity and higher levels of
HIF-2! contribute to increased radiand chemeresistance [58]. In this way, HHE and HIF-

2! can achieve opposing effects tanmor behavior through indirect transcriptional effects.

HIF-1! and HIF-2! also have different effects on CSCs, also known as tunmating
or tumorpropagating cells, which are undifferentiated cells with the capacity toeseiv and
reconstitute turmrs in vivo that are phenotypically similar to the parental tumor [59]. An
important feature of CSCs is their enhanced resistance to eattiochemdherapy that limits
DNA damage, allowing them to survive the treatment and repopulate the tumor with their
progeny. CSCs thus represent an important therapeutic target and their complete elimination is
expected to greatly enhance the treatment efficacy [59,60]. There are numerous reports
implicating hypoxia and HIFs in CSC biology. For example, populationselts enriched for
CSCs can be isolated from glioblastoma tumors using the cell surface marker CD133 and
hypoxia may promote the expansion of the CDp88itive cells through activation of HE

[61]. Other reports highlight the prominent role of HIFin CSCs: this isoform is selectively
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expressed in CSCs, whereas HIF was expressed at comparable levels in both CSC and non
CSC (CD133negative) populations [62]. In the same study, only targeting Bliley shRNA
decreased the growth of CSC populationsvitro, inhibited CSGmediatedangiogenesisand
significantly prolonged the survival of mice intracranially implanted with CSCs. In a separate
study, HIF2! colocalized with neural crest markers in a subset of immature cells in
neuroblastoma tumors andHI2! knockdown induced differentiation of these cells [63]. HIFs

thus help maintain an undifferentiated state in some populations of CSCs as well as other stem
and progenitor cells [60]. HIFs apparently control -setfewal and differentiation processes i

these cells by means of traretivating critical genes and the key transcription factors involved

in these processes. In this category, interaction of-HIwith Notchl helps maintain the
undifferentiated cell state [64], whereas FIFnduces expresion and transcriptional activity of

the marker of the undifferentiated st&t®©ct4 [65]. HIF2! also regulates the transcription factor

Sox2 [66], which, in turn, controls pluripotency by direct regulation of Oct4 levels [67].
Recently, reprogramming a&omatic cells into induced pluripotent cells was achieved through
transduction of four defined transcription factorsM¥C, KLF4, SOX2 and Oct4) all of which

are transactivated by HIF [55,65,66]. Together, these reports provide evidence that HIFs directly
control markers of the undifferentiated state (stemness) and are necessary for maintaining CSCs.
Due to its critical role and selective activation, FAFcould be an important therapeutic target

in CSCs.

2.3.3 Genes activated by HIF
Along with its ceactivatos, the HIF complex acts as a transcription factor for hundreds
of genes, includin EGF, NOS GLUTY, LDH, CA9andMDR1(Table2.1) [69D107]. Many of

these genes affect cancer progression through angiogenesis, erythropoiesis, increased glucose
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metabolism,immune evasion, immortalization, genetic instability, increased invasion and
metastasis, pH regulation, drug resistance, CSC maintenance and proliferation.

Table 2.1. Selected HIF target genes and their effects on cancer progston

Effect on cancer Genes activated by hypoxia inducible Ref
progression factor-1 :
. . ANGPT2, GMET, ID2, LEP, NOS,
Angiogenesis PDGF. SCF. SDA. VEGF [74E£82]
Drug resistance MDR1 [83]
Erythropoiesis EPO [84]
Genetic instability DEC1, DEC2, MSH2, MSH6 [85E86]
. GLUT1, GPI, HK1, HK2, LDH, MCT1
Glucose metabolism PGKL, PKM2 [87E02]
Immortalization TERT [93]
Immune evasion NT5E [94]
. C-MET, EDN1, FN-1, MMP-2, MMP-
Invasion 14. SDF1 [75,81,9508]
Metastasis C-MET, CXCR4, LOX, TWIST1, ZEB [75,85,99101]
pH regulation CA-9, CA12 [102]
Proliferation C-MYC, ID2, IGF2, NOS, [76,78,103,104]

ABCGZ2, JARID1B, OCT4, NANOG,

Stem cell maintenance Sox2, KLF4, anyc, miR302

[55,65067,109107]

Two of the most essential functions of cancer bioldggt HIF1 activates are
angiogenesis and glucose metabolism [108];the former controlsgexyand nutrient delivery
and the latter generates energy and synthetic intermediates for growth and survival. VEGF is an
important growth factor in angiogenesisdamascularization and plays a significant role in
hypoxic conditions and has been demonstrated to incirea&se tumor size and vascularization
[109]. VEGF also plays a critical role in embryonic developniza¢letion of a single allele of
the gene iNVEGF-knockout mice is lethal within two weeks of development. -HI&ctivates
VEGF transcription by binding to its HRE and VEGF synthesis increases angiogenesis [110].
NOS produces nitric oxide, which promotes angiogenesis and cell proliferation, andascrea

cell survival by inhibiting apoptosis. HIE binds to theNOSHRE and thus upregulates NOS
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expression and increases cancer progression [111]. Histological studies have associated
increased malignancy and aggressiveness in cancers with increase@tdINEGF expression,

and NOS expression has been confirmed in many cancers, including breast, head and neck,
prostate and colorectal [111,112].

HIF-1 is a transcription factor for many genes involved in the glycolytic cascade,
including GLUT1 and LDH, which allow tumors to grow under hypoxic conditions by
metabolizing glucose to lactate through anaerobic glycolysis [92,113]. One result of anaerobic
glycolysis is decreased production of ROS generated by oxidative phosphorylation, which can
prevent cellular seescence, and thus remove a constraint on tumor growth [114]. Another
consequence of glycolysis and lactate buildup is hypoxic acidosis, which, if not prevented, would
lead to a decrease in irtreellular pH, cell damage and death. However, -HI&ctivats the

synthesis of monocarboxylate transporters (e.g., MCT) that extrude lactate into the extracellular

space [115] and CA and CAl12, which use CO to generate HC@ dampen the effects of
acidosis and increase cell survival. Not surprisingly, highetGL levels are correlated with
poor survival in many canceBincluding breast, head and neck, esophageal, stomach, bladder,
ovarian, colorectal, and nesmallcell lung carcinoma® and CA9 is used as a marker for
cancer progression [1,116].

In additionto activating gene expression for cancer progression;1Hilécreases the
effectiveness of anticancer therapies such as radiation and chemotheragy. its#F is
stabilized by radiation, even doubling its activity in the two days following therapytodiine
re-oxygenation and release of ROS that follows radiation treatment [117,118]. The radiation
induced production of ROS increases HIFaccumulation by reducing its degradation through

an AMP activated protein kinase (AMPK)ependent pathway, wheROSactivated AMPK
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inhibits the interaction between HIE and VHL, thus preventing ubiquitination and subsequent
degradation [119,120]. Increased HIF levels have also been shown to decrease the
effectiveness of chemdherapy in various types of canddR1b124], due to factors such as
HIF-mediated regulation of drug efflux, cell proliferation and survival, metabolic reprogramming
and inhibition of DNA damage [125]. One specific mechanism by whichIHt&n decrease
effectiveness of therapy is by activen of MDR1 and the expression of the multiple drug
resistance phenotype, which is present in the most aggressive cancers and correlates with the
metastatic ability of multiple solid tumor cancers [126]. In addition, many anticancer
therapeutics, such atoxorubicin, rely on the generation of ROS for cytotoxicity, but ROS
stabilize HIF1! [127]. Moreover, many therapeutics contain weakly basic moieties that can

react with the acidic tumor microenvironment and lose efficacy [128].

2.4 Molecular targets of HIF-1 inhibitors

There are many different strategies for inhibiting the-HIpathway. Small molecules
have been shown to inhibit HIF activity through a variety of mechanisms includind!HIF
protein synthesis, HHE! protein stabilization, HIFL! EHIF-1" dimenzation, HIF1 dimer DNA
binding, and interactions with other proteins. There were two comprehensive reviews in 2012 by
Semenza [129] and Xiat al. [130] that cover these mechanisms in detail and give fairly
exhaustive lists of the smaftholecules thathibit at each level.

Many HIF1 inhibitors affect the HIR pathway upst@m of HIF1! synthesis (Figure
2.2). Cancer metabolism and regulation is a very complex system and it can be difficult to
separate the desired effects on one pathway from another. This complexity can work for
medicinal chemists in a synergistic manner by arpdownregulating multiple pthways/targets

by producing similar net results in the design and implementation of therapeutics. Conversely,
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the inhibitors may have unexpected cowpierductive effects which may contribute to the high
late-stage clinical failures for anticancer drugghich is around 70% for Phase Il trials and 60%

for Phase Il trials [131]. These high attrition rates can, moreover, be attributed to several factors,
including the hypoxic and acidic tumor microenvironment; veracity and fidelitin ofitro
preclinical models; drug absorption, distribution, metabolism, excretion, and toxicity; drug

deliveryin vivo, and translation to the clinic [132].

Figure 2.2. Mechanisms of HIF inhibition
HIF: Hypoxia inducible factor; HRE: Hypoxia r@snse element; PHD: Prolyl hydroxylases; Ub:

Ubiquitin chains; VHL: von HippeLindau tumor suppressor protein.
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In the field of HIF1 inhibitors, the role of hypoxia is key. Tumor hypoxia has been
touted as Othe best validated target that has yet to be exploited in oncologyO [5]. The definition of
hypoxia has been well established 86% oxygen, but there is a vanice in the levels of oxygen
defining normoxia. Atmospheric oxygen levels are approximately 20%, whereas tissues in the
body have normal oxygen levels that range from O (bone marrow) to 14% (lung, liver, kidney
and heart), with levels of approximatelyEl@% in circulation [133]. Thudn vitro assays that
are carried out under OnormoxicO conditions, but are simply left open to the atmosphere ought to
be considered OhyperoxicO when comparedvigo oxygen levels [134]. This difference in
oxygen levels aa contribute negatively to many preclinical studies and should be considered as
a contributing factor to drug attrition.

Another factor in tumor hypoxia is the acidic extracellular environment due to the
increased expression of the glycolytic phenotypas Theates a unique pH gradient for tumors
that is the opposite of that of normal tissue [135]. It has been demonstrated that weakly basic
anti cancer therapeutics, such as doxorubicin, are excluded from acidic tumors [136]. This
acidic microenvironment an also contribute negatively tm vivo studies and should be

considered as another factor contributing to drug failure.

2.5 HIF-1 inhibitors in the clinic: hits and misses

Transcription factors have, for a long time, been considered undruggable tarddts, an
date, no specific inhibitor of HIF has been brought to market. Multiple levels of regulation and
the fact that multiple signaling pathways converge onHikplain the diversity of compounds
that, among other targets, inhibit HIF. Although there rmeny challenges to targeting HIF,
there have been a number of compounds that have made it to clinical trials as anticancer

therapeutics, which have also been shown to inhibit HIF activity. Some of these have failed their
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trials, while others have been UBSA approved for patient treatment. The following illustrates a

few of these examples (Table2Rand what their outcomes say for the field as a whole.

2.5.1 Camptothecins: camptothecin, topotecan, irinotecan

In the 19®s, camptothecin was first iated from thebark of a native Chinese tree,
Camptotheca acuminatdy Wall and Wani. By the mid 1970s, camptothecin was in clinical
trials due to its anticancer activity, but it was terminated because of its serious side effects [137].
Research on camptothecin was resumed until the discovery of DNA topoisomerase 1 (TOP1)

as its primary target and the successful development of -s@ligsle derivatives of

camptothecin: topotecan (Hycarr'l'tih and irinotecan (Camptosar, CRT) [138]. The
camptothecins have a uniquecahanism of action that targets TOP1, an essential human enzyme
that relaxes DNA supercoiling by forming single strand breaks, unwinding, then religating the
strands back together. The camptothecins act as irreversible inhibitors to th&DNZP1
complex byintercalating into DNA at the proteilDNA interface, which then prevents the
religation of the DNA strands [139]. Both irinotecan and topotecan have similar mechanisms of
action as camptothecin. TOP1 is an upstream regulator of th& Héfhway. TOP1 inbition

leads to HIF 1! down-regulation due to decreased protein accumulation and translation that is
independent of oxygen or proteasomal degradation [140]. It has been suggested that this
mechanism could be due to the activation of a novel antisenseririrom the 5! end bfiF-

1! and the removal of Pol Il from the promoef@oximal pause site of thdlF-1! gene [141].

The mechanism of inhibition of HHE! translation by camptothecin and its derivatives is TOP1
dependent but DNAdamage independeritinotecan was approved for treatment of colorectal
cancer in 1996 [142] and topotecan was approved for the treatment of Stage IVB recurrent

carcinoma of the cervix in 2006 [303]. In 2007, the FDA approved Hycamtin for treatment of
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relapsed small cell lyn cancer [304]. The successful development of these camptothecin
derivatives would not have been possible without further elucidation of their mechanism of
action. This case illustrates how drugs (and classes of drugs) that have unknown mechanisms of
action and have previously failed clinical trials can be repurposed and brought to market once the

mode of action is elucidated and the pharmacokinetics optimized.

2.5.2 Bortezomib

Bortezomib (Velcadé, PS341) is a dipeptide boronic aciecontaining compound that
reversibly inhibits the chymotryptic activity of the 20S subunit of the 26S proteasome due to the
high binding affinity and specificity between the boron atom and the 20S subunit [143]. The
proteasome regulates protein expression and function by degradatibiguitinated proteins,
and cleanses the cell of unfolded or misfolded proteins. Bortezomib has been shown to directly
inhibit proliferation and induce apoptosis in multiple myeloma cell lines and patient tumor cells
resistant to conventional therapi¢$44]. Proteasome inhibition by bortezomib leads to
disruption of intracellular protein metabolism. The downstream biological effects of proteasome
inhibition are numerous, with direct effects on both multiple myeloma cells and their
microenvironment, inading inhibition of cytokine secretion, suppression of adhesion molecule
expression and inhibition of angiogenesis [145]. Because bortezomibOs primary target is the
proteasome, it prevents the degradation of ubiquitinated HIF! and leads to the accumuflatio
HIF-1! under normoxia. However, the stabilized HIE2) is inactive due to upregulation of
FIH activity, which inhibits recruitment of p300 [146]. There has been other evidence that
bortezomib does not directly affect the formation of the-BHF300complex, but interferes with
the Gterminal domain of HIFL! [147]. More recently, bortezomib was shown to inhibit the

PISK/AKT/mTOR pathway upstream of the HIF pathway in prostate cancer cells [148]. Due to
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bortezomibOs remarkable clinical activity againsitiple myeloma, it was rapidly approved by

the FDA in 2003 to treat relapsed and refractory multiple myeloma [149]. It is unknown whether
HIF inhibition is critical to the clinical activity of bortezomib. Bortezomib is an excellent
example of an FDAapproved anticancer therapeutic that indirectly inhibits HIF expression and
function and that has differing modes of action in different cancer models, which illustrates the

complexity of the field.

2.5.3 Romidepsin

Romidepsin (Istodéx, FK228, FR901228) is an ardncer agent isolated from the
bacterium Chromobacterium violaceurthat was first reported by Fujisawa Pharmaceutical
Company (now Astellas Pharma) in 1994 [65]. Its mechanism of action was demonstrated in
1998 [150,151]. As a prodrug with a disulfide dpnomidepsin undeigoes reduction to release
a zincbinding thiol [152]. This thiol reversibly interacts with a zinc atom in the binding pocket
of Zn-dependent histone deacetylases (HDACS) to block their activity, classifying romidepsin as
a HDAC inhibibr (HDACI). HDACs affect gene expression by removal of acetyl groups from
acetylated lysine residues in histones. HDACs also deacetylate nonhistone proteins, such as
transcription factorsln vitro, romidepsin causes the accumulation of acetylated histtmes

inducing cell cycle arrest and apoptosis of some cancer cell lines wigh v&@lues in the

nanomolar range [153]. HDAC activity is crucial for the transactivation potential cfLH#Ad
most HDACIs regulate acetylation of the HIFp300 complex [B4]. It has also been suggested
that the class Il isozyme HDACS are involved in direct acetylation and ubiquitination df!HIF
[155]. Romidepsin was approved as a treatment for cutanecal [fmphoma in 2009 [305].

Other HDACIs are also in preclinicand clinical development, but many in the field have
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moved to target other mechanisms of action due to high adverse effects associated with the

HDACIs.

2.5.4 Temsirolimus

Temsirolimus (Torisél, CCL779), the ester version of rapamycin, is the first FDA
approved inhibitor of mammalian target of rapamycin (MTOR/TORC1), which is a
serine/threonine specific kinase in the phosphatidylinositatkthase (PI3K) related protein
family [156]. In RCC, temsirolimus was shown to inhibit tumor growth and HIF expression by
inhibition of the mTORdependent kinase cascade neededHitr mRNA translation [157].
Inhibition of PI3K and its downstream target mTOR was demonstrated in prostate can&gr (PC
cells to decrease HiE-dependent gene expression and temsirolimus was shmwsuappress
HIF-1 activation by increasing H{E!' degradation rate in hypoxic R& cells [158]. The FDA
approved Torisel (temsirolimus) for the treatment of RCC in 2007 [306]. However, not all

inhibitors of the P13K/AKT/mTOR pathway have had such success.

2.5.5 Perifosine

Perifosine is an alkylphospholipid analogue, which has demonstrated significant anti
proliferative activity in several human tumor model systems bothtro andin vivo. It has a
similar structure to miltefosine, a drug that has been appriov&dirope for the treatment of
cutaneous lymphomas and metastasis from breast cancer. PerifosineOs activity is also due to its
effect on the PI3K/AKT/mTOR pathway, an upstream regulator of the HIF pathway. Many
growth factors that upregulate HIF activatee PIBKPAKTEMTOR pathway, which leads to
increased HIFL! protein translation and stability [159]. Perifosine, which inhibits AKT in a
dosedependent manner, entered Phase | clinical trials in 2003 [160] and, in 2010, reached Phase

Il trial due to signifcant growth inhibitionin vitro and in vivo in the Waldenstrom
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macroglobulinemia model [161]. In 2012, hoever, perifosine failed a latdage Phase Il
study on colorectal cancer due to lack of efficacy but will continue in another Phase Il study as
pat of combination therapy with bortezomib against multiple myeloma [307]. Perifosine is one
of many compounds indirectly affecting HIF expression that showed great promise in preclinical

models, but has failed to exhibit efficacy in human trials.

2.5.6 2-Methoxyestradiol

2-methoxyestradiol (2ME2) is a natural metahi@ of estradiol and is a potent antitumor
agent, due to its antiproliferative, antimetastatic and antiangiogenic activity. These antitumor
activities result from its prapoptotic activity, micre tubule activity and production of
superoxides [162]. Its main potency appears to be derived from disruption of cellular
microtubules that are necessary for HIRranslocation to the nucleus. 2ME2 thus retards-HIF
1 nuclear accumulation and activity in rmanner that is both oxygerand proteasome
independent [163]. It was subsequently found that microtubule inhibitors such as 2ME2 and
taxol also inhibit HIFL! mRNA translation [164]. A Phase | clinical trial of 2ME2 was
successfully concluded in 2006 [16%h 2011, 2ME2 nanocrystal dispersion failed to show a
significant effect in a Phase Il study against castragsistant prostate cancer [166] and in
2012, in a second Phase Il study against metastatic renal cell carcinoma due to both lack of
objectiveeffects and high toxicity. The elnicians recommended halting trials of 2MEZ2 in favor
of a new 2ME2 analog in development [167]. Hopefully, this new analog, ENMB, will

have more favorable results.

2.5.7 Echinomycin
Echinomycin (quinomycin A, NSC 526417% ia cyclic peptide antibiotic agent of

qguinoxaline that was originally isolated froBtreptomyces echinaty$68]. Echinomycin is
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known to bind DNA in a sequengpecific manner. Binding sites for echinomycin contain the
central sequence-£G-3! and th&ey recognition elements are contained in the sequences 5!
ACGT-3! and 5TNCGT-3!, which are part of the DNA recognition motifs for several
transcription factors [169]. Inhibition of HHE binding to the HRE (RCGTG; where R = purine

A or G), a step muired for induction of transcription, is a potential mechanism by which
echinomycin may inhibit HIRL activity [170]. Echinomycin was shown in chromatin
immunoprecipitation experiments to selectively inhibit binding of-HIt6 DNA [171]. Despite
echinomginOsn vitro apoptosisnducing activity and the initial report of ita vivo antitumor

effect in mice, echinomycinOs clinical development was halted in the late 1980s following
extensive testing as a cytotoxic agent in Pha&betiials, which failed 6 show significant

activity [172].

2.5.8 Ansamycins: Geldanamycin, 2AAG, 17-DMAG

Geldanamycin (GA) is a macrocyclicpolyketide antibiotic containing a benzoquinone
moiety and was originally isolated fro®treptomyces hygroscopic{/3]. GA is a Hsp90
inhibitor, that acts by binding the -términal ATRbinding domain of Hsp90, leading to the
destabilization and eventual degradation of Hsp90 client protein®I8} Hsp90, one of the
most abundant cellular proteins, assists in protein folding and degradatios apcbgulated
during cellular stress [177,178]. HIF is a client protein of Hsp90 and the inhibition of Hsp90 has
been shown to destabilize HIF, leading to HIF degradation and decrease in transcriptional
activity [179,180]. GA and its derivatives -BNAG (tanespimycin) and XDMAG
(alvespimycin) have demonstrated antnorigenic andangiogenic properties both vitro and
in vivo. However, GA was never brought to the clinic due to its poor pharmacological properties

and hepatoxicity in animal models [18&82]. 1#AAG was the first in-class Hsp90 inhibitor to
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enter Phase | trials, where it showed promise; however, it showed poor results in Phase Il trials,
most likely due to its poor bioavailability and solubility [E886]. 17DMAG, an orally
available agnt, has shown promise in the clinic, with success in Phase | trials, but needs further

evaluation [187,188].

2.6 Conclusions

Hypoxic conditions in the cancer mierenvironment lead to increased resistance to both
chemotherapy and radiotherapy. In most cadles, HIF pathway is the primary pathway
responsible for this more malignant phenotype and its activation leads to increased cancer
metastasis and poor patient prognosis. There has been much effort in this area to develop small
molecule inhibitors of the HA pathway (mostly focused on HIF as well as upstream and
downstream effects. There have been no approved drugs that directly inhibit the HIF pathway,
but there have been a few that indirectly affect the HIF-patly, as well as many more that
have faied to demonstrate therapeutic efficacy in clinical trials for cancer patients. Some of
these failures can be accredited to a lack of specificity and/or redundancy in the complexity of
tumor signaling/ metabolism that can overcome the inhibition effectsth&n contributing
factor to the failure of these compounds can be attributed to the lack of patient selection in
clinical trials. Although many clinical trials evaluate the efficacy of-ar#ncer therapeutics and
examine their effects on HIF levels, jeats are not selected based on their-EkBression
levels. If patients do not have elevated levels of HIF, therapeutics thgetahe HIF pathway
may be less effective. More work needs to be done to identify novel, potent and more specific
inhibitorstargeting clearly defined points in the HIF pathway. Such new agents should be used in
combination therapy and will hopefully overcome resistance that may develop during the initial

treatment.
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2.7 Future Perspective

Recently, the HIF pathway was touted as Otechnically undruggable or at the very least as
extremely challenging to target by medicinal chemists using small moleculesO [189]. This
attitude @n be attributed not only to the difficulty of targeting such a complex pathway, but also
to the challenges of targeting protganotein interactions [190]. Small molecules typically
inhibit protein function by binding with high affinity and specificity higdrophobic pockets on
or near the proteinOs surface. When trying to disrupt interactions between proteins, these binding
sites may no longer be accessible and the interactions between proteins are so multifarious that
one small molecule may not be aldeiiterrupt the key interactions. There have been advances
in this field of targeting protefprotein interaction, such as stapled peptide inhibitors of
transcription factors [191] and smatiolecule inhibitors of the MDM2p53 interaction as
anticancer tarapeutics [192]. Some interesting features of the small molecules identified are that
they tend to be large, lipophilic, and rigid structures with complex 3D shape that form few
hydrogen bonds [193,194]. These structural differences vary from the tyypaoaksi rule of
five for druglike properties [195] and could portend a new paradigm for-tikegqualities for

small molecules that inhibit proteprotein interactions.
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Figure 2.3. Trends of HIF inhibitors from 2000-2012
A) Number of patents issued by year. B) Number of publications by year. C) Number of clinical

trials by year. D) Number of citations by year.

Interest in smalmolecule inhibitors of the HIF pathway has steadily increased over the
past 15 years. The numbof patent applications, publications, citations and clinical trials has
risen since the late 1990s and early 2000s (Fig@®e Although there have been few drugs that
have made it all the way through clinical trials, the field is ripe and intergstresasing. It still
remains to be seen whether inhibitors capable of distinguishing. i HIF2 complexes can
be developed. In addition, new therapeutics are being developed against downstream HIF targets,
such as MCT [91] and GA&X [196]. Inhibitors of posttranslational modifications of HHE!
have also shown some promise. Kaempferol was recently shown to inactivate the p44/42 MAPK
phosphorylation of HIF!, causing its mislocalization into the cytoplasm in hepatocellular

carcinoma [197]. Results fno highthroughput screenings and natural product discovery [198]
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have also yielded new hits and lead compounds, but even more new methods need to be
identified. Recently, novel HIF inhibitors from frankincense were identified through a new
method using a olecularly imprinted polymer [199]. Acriflavine was identified as a HIF
dimerization inhibitor from a screening of drugs that had previously made it to Phase Il clinical
trials [200]. In addition, targeting the HIE/-1" dimerization has been suggestes a valid

target for anticancer therapeutics [201]. The satbwn HIF/p300 interaction inhibitor chetomin

[202] and its family, the epidithiodiketopiperazines, act via a mechanism of action involving
disruption of the zindbinding sites in the CH1 domaof p300 [203]. In addition, artificial-a
helices have been demonstrated to interfere with the HIF/ p300 interaction [204]. Oncolytic
viruses dependent upon HIF expression for their replication have also been developed and
showed strong antitumor effectsOEERO07]. Recently, a group of collaborators, including the
authors, reported a new class of Hifnhibitors, that appears to target the interaction between
HIF-1 and p300 and, therefore, Hikediated transcription [28214]. The lead arylsulfonamide
compaind (KCN1) showed potent anticancer activity in several cancer models [215,216].
Moreover, these inhibitors do not show intrinsic cytotoxicity and thus are promising compounds

for further clinical development.
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3 DESIGN AND SYNTHESIS OF WATER SOLUBLE HIF -1 INHIBITORS AS ANTI -

CANCER THERAPEUTICS

The work presented in thifiapter is based on a manuscript in preparation for submission
to ACS Medicinal Chemistry Letters. This chapter includes compounds synthesized by Jalisa

Holmes andeus de los Santos.

3.1 Abstract

Cancer is a leading cause of death and while progress hasnlaéenin this field, we
need more effective drugs to target cancer only and not healthy cells. Thus, our goal is to target
hypoxic tumors and specifically the HIF pathway. Another important factor besides potency is
druglike properties. The compounds deled herein have been designed for both of these

purposes and evaluated.

3.2 Introduction

Cancer is one of the leading causes of death, second only to heart HiSeasef the
hallmarks of cancer is the formation of hypoxic, low oxygen, areas inside of solid tfriuss.
hypoxic tumor microenvironment leads to many changes such as the upregulation of pro
angiogenic and proeglycolytic pathways, as well as increased cell proliferation, genetic
instability, and metastatic potentfah major mediator of the hypoxic response is the Hypoxia
Inducible Factor (HIF)pathway® HIF consists of two parts, HiF which is regulated by
oxygen, and HIF, which is constitutively expressédThere are 3 known isoforms of HIF
HIF-1!, HIF-2!, and HIF-3!, with HIF-1! being the most common and of which there has been
the most study. Under normoxic conditions, HIE hydroxylated by prolyl hydroxylase (PHD)

using molecular oxygen and then dged via a VHEdependent ubiquitination pathw&yinder
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hypoxic conditions, however, HIFand HIF-" form a heterodimer, which, along with co
activators such as p300 and CBP, forms the active transcription complex, which bin#tRie 50
(hypoxic response element) promoter regions that are found in hundreds of gemeased
levels of HIF! have been linked to cancer progression and poor patient metcéllF is

becoming an attractive target for aosincer therapeutiés.

3.3 Design

A library of 10,000 products contaimy the 2,2dimethyl2H-chromene moiefywas
screened for HI pathway inhibition, with the identification of one compound designated-KCN
(Figure 31, 1, N-((2,2-dimethyl2H-chromen6-yl)methyl)-3,4-dimethoxyN-

phenylbenzenesulfonamide) showing potent inhibition activity@€0.59 puM)*°
oo
= Neg OMe
0,
1
Figure 3.1. Lead Compound KCN-1

1 was then taken on to furthir vivo studies and demonstrated anticancer activity against brain,
eye, and pancreatic cancétdn addition, mice treated with did not show any negative side
effects. However due to its poor solubility in water (0.009 uM}, was used in a 1:1
Cremophor:ethandiormulation. This type of formulation is nadeal and can cause problems
with anticancer therapeutid.Thus, weareinterested in designing more wataluble KCN1

analogs.
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3.4 Results and Discussion

Based off of our previous studies, we decided to modify the structure of the lead
compoundl by incorporating the very watsoluble morpholine moiety into the structure. In
order to accomplish this, we devisddclasses otompounds (Figure.3): Class A, which
incorporates a morpholinomethylphenyl or morpholinophenyl moiety instead of the 2,2
dimethyt2H-chromene moiety and maintains tNephenyl group; Class B, which incorporates
either a morpholinomethylphenyl or morpmaphenyl moiety instead of the Zlinethyl2H-
chromene moiety and substitutes Nphenyl group for amN-cyclobutyl group; Class C, which
has either a 2;8imethyt2H-chromene or N-(2,2-dimethyt2H-pyrano[3,2b]pyridin-6-yl)
moiety and either ah-ethylmorpholino or Npropylmorpholino group instead of thepthenyl,
and Class D, which has the ZjEnethyl2H-chromene moiety with &l-phenytmorpholine4-
sulfonamide.

Synthesis bClass A compounds (Figure33 was afforded in 4 steps from 2, 3, or 4
bromomethylbenzylbromidéa-c or in 2 steps from 4norpholinobenzaldehyd@d. 6a-c were
substituted with morpholine to yield morpholinomethylbenzylbromides in quantitative
yield. Next, the phenyl bromidé&s-c were converted to benzaldehydzsc via lithium-halogen
exchange followed by treatment with DMF as the electrophile. The aldeBgeksinderwent
reductive amination with aniline to afford the secondary anfiaet Finally, 9a-d were reacted
with 3,4dimethoxybenzenesulfonyl chloride to afford sulfonamidaesl. Class B compounds
(Figure 33) were synthesized in almost the same fashion as Class A, except that reductive

amination of8a-d was with cyclobutylamine and was not catalyzed by any Lewis acid.
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2d = para,n=0

C O/\ D
0 &/N\ OMe
o
X Neg OMe
O,
4a,n=2
4b,n=3 S
Figure 3.2. Classes of analogs.
A) Class A, morpholinomethylphenyl in ortho, meta, or para positions, or morpholinophenyl in

para position; B) Class Bmorpholinomethylphenyl in ortho, meta, or para posgjoor

morpholinophenyl in para position; C) ClassnG; 2 or 3; D) Class D.

Class C compunds were synthesized (Figuret3from 2,2dimethyt2H-chromenes-
carbaldehyde 1, which was readily synthesized from published proceddréke aldehydel1
underwent reductive amination with either ethylaminomorpholine or propylaminomorpholine to
give secondary amine$2ab, which were then reacted with 3Hmethoxybenzenesulfonyl
chloride to afford sulfonamide&a-b.

Class D compunds were synthesized (Figuré)3from 11 in 2 steps. Firstll was
underwent reductive amination with either aniline or cyclobutylamine to give secondary amines
13ab. Next, the amined3ab were reacted with -dorpholinosulfonyl chloride a afford

sulfonamide$a-b.
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Figure 3.3 Synthesis of Class A & B Compounds
A) Synthesis of precursors; B) Synthesis of Class A. C) Synthesis of Class B; Reagents and
conditions: (a) morpholine, O3, ACN, room temperature, overnight. (b) BuLi, DMF, THF,
78°C, 1 hr. (c) aniline, InG) NaBH;, ACN, 20 min. (d) 3,4imethoxysulfonyl chloride, COs,

DCM, overnight. (e) cyclobutylamine, NaBHVieOH, overnight.



61

C Y
=

2n b S~ ||\l\
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1 12a,n=2 4a,n=2
12b,n=3 4b,n=3

Figure 3.4. Synthesis of Class C compounds
Reagents and conditions: (a) amine, NaBNeOH, overnight. (b) 3;dimethoxysulfonyl

chloride, KCOs, DCM, overnight.

These 11 analogs were tested for their-Biffi activity in a LN229HRE-LUC assay"’
Their adivities are detailed in Table.B Thein silico logP and logSralue of these compounds
were also investigated witALOGPS 2.1 (Virtual Computational Chemistry Laborgtor

http://www.vcclab.org)with results in Table 3.

00,0k o

11 5
Figure 3.5. Synthesis of Class D compounds
Reagents and conditions: (a) aniline, lpQlaBH,, ACN, 20 min;(b) 4morpholinosulfonyl

chloride, pyridine, DCE, reflux 2 days.
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3.5 Conclusions

Based off of these findings, it can be seen that solubility is an important factor in the
activity of these compounds. Even compounds without the seemingly c2i&Z@imethyt2H-
chromene moiety had moderate activity. This is most likely due to the increased logP and logsS,
which allow the therapeutics to be more biologically available. All of the analogs synthesized
had more favorable logP and log S values comparédwhich has 4.07 and.05, respectively.
In the future, we plan to incorporate more soluble moieties and further probe the SAR (structure
activity relationship) for locations to add in these soluble moieties.

Table 3.1. Analogs and data

Compound Structure [Cso (LM) logP LogS

OMe
2a O’\'m; @[ 0.9 3.54 451
© N\S OMe
O,

OMe
2b @ QV; /@[ TBD 3.53 -4.50
N N\S OMe
O,
© OMe
2¢ N‘S@[OMe TBD 3.52 -4.46
O,
N
o

o/\
K/N OMe
2d @v Q 3.8 3.75 -4.64
N\S OMe
0O,
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3a 1.0 2.81 -3.51
OMe
3b @Nm Q >5 2.80 -3.50
°S OMe
O,
Q OMe
Ly Cx
3c 'S OMe >5 2.79 -3.47
2
a
o
o/\
LN <? OMe
3d @y Q TBD 3.05 -3.64
N‘S OMe
0,
)
N
4a w OMe TBD 3.02 -3.71
N N\S : OMe
O,
(@]
N
4b AKO/\@VH//QOMG TBD 3.34 -3.97
X N.g OMe
O,
5 >5 3.52 451
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3.6 Experimental

General methods and materiaddl commercial chemicals were reagent grade, obtained
from VWR, Aldrich, and Oakwood Chemicals and were used without further purification unless
otherwise indicatedH and™C spectra were obtained on a Bruker 400 NMR spectrometer at 400
and 100 MHz, respectively, in deuterated solvent with TMS as internal reference (# = 0.00 ppm).
For all reactions, analytical grade solvent was used. Anhydrous solvents were used for all
moidure-sensitive reactions. Higlesolution mass spectra were obtained by the Mass
Spectrometry Facilities at Georgia State University on a Waters Microm@e$ @SI).

Typical procedure for morpholine substitution: 1 equivalent of benzyl bromide was
dissoled in acetonitrile. 1.1 equivalents of morpholine and 2 equivalents@Dywere added
and the reaction stirred overnight at room temperature. The reaction was filtered through celite
and concentrated to give the product.

Typical procedure for reductivamination with aniline: 1 equivalent of aldehyde, 1.5
equivalents of NaBl and 0.15 equivalents of InfOlvere dissolved in anhydrous ACN under
N». 1.5 equivalents of aniline were added and the reaction stirred until completion as monitored
by TLC (typicaly ~20 minutes). The reaction was quenched with saturategLINEhken up in
ethyl acetate, washed with brine, dried over MgS&nhd concentrated. Purified by column
chromatography.

Typical procedure for reductive amination with cyclobutyl and alkylmorpbamines:
1 equivalent each of aldehyde and amine was dissolved in anhydrous MeOH uiathel tNe
reaction stirred overnight at room temperature. 1.6 equivalents of NaBi¢ added and the

reaction stirred for 1 hour. The reaction was quenched witNd@®H, stirred for an hour, then
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taken up in ethyl acetate, washed with brine, dried over Mg&®centrated, and taken directly
to the next step without further purification.

Typical procedure for sulfonylation with 3gimethoxysulfonyl chloride: 1 equaent of
amine was dissolved in DCM. 2 equivalents ofCK; were added. 2 equivalents of 3,4
dimethoxysulfonyl chloride were added. The reaction was stirred overnight at room temperature,
then washed with brine, dried over Mg&Oand concentrated. Purifiedy column
chromatography.

Typical procedure for sulfonylation with-horpholinosulfonyl chloride: 1 equivalent of
amine was dissolved in DCE. 3 equivalents of pyridine and 1.3 equivalents - of 4
morpholinosulfonyl chloride were added. The reaction wasuxefl for 2 days, then
concentrated, taken up in ethyl acetate, washed with saturatgdl Biktl brine, then dried over

MgSOy, and concentrated. Purified by column chromatography.

croXoc

3,4-Dimethoxy-N-(4-(morpholinomethyl)benzyl)-N-phenylbenzenesulfonamide (2a)Yield:

11%.*H NMR (400 MHz, CDCJ): # 7.377.35 (d,J = 8Hz, 1H), 7.35 (s, 1H), 7.22.20 (m, 6H),
7.047.02 (M, 2H), 6.9%.94 (m, 2H), 4.72 (s, 1H), 3.98 (s, 3H), 3.77 (s, 3H),-3.B9 (M, 4H),

3.44 (s, 2H), 2.40 (m, 4H) ppm°C NMR (100 MHz, CDGJ): # 152.6, 148.7, 139.2, 135.0,
130.2, 129.2, 129.0, 128.8, 128.4, 127.8, 127.5, 121.4, 110.4, 110.4, 66.9, 63.0, 56.2, 56.01, 54 .4,

53.5 ppm. HRMS (ESln/zcalculated for GsH31N-0sS [(M + H)'] 483.1954 found483.1956.
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S¥obds

3,4-Dimethoxy-N-(3-(morpholinomethyl)benzyl)}-N-phenylbenzenesulfonamide  (2b) *H

NMR (400 MHz, CDCY): #

sVdewm

3,4-Dimethoxy-N-(2-(morpholinomethyl)benzyl)-N-phenylbenzenesulfonamide (2c)

0™
K/N OMe
\©v'\'\ /©[

S OMe

0,
3,4-Dimethoxy-N-(4-morpholinobenzyl}N-phenylbenzenesulfonamide (2d)Yield: 40%H
NMR (400 MHz, CDCk): # 7.367.34 (d,J = 8 Hz, 1H), 7.21 (m, 3H), 7.13.11 (d,J = 8 Hz,
2H), 7.016.93 (m, 4H), 6.7-6.75 (d,J = 8 Hz, 2H), 4.65 (s, 2H), 3.973 (s, 3H), 3.B83 (m,
4H), 3.77 (s, 3H), 3.18.10 (m, 4H) ppm**C NMR (100 MHz, CDGJ): # 152.5, 0.5, 148.7,

139.2, 130.3, 129.6, 129.1, 128.7, 127.7, 127.1, 121.4, 115.3, 110.4, 66.8, 56.2, 56.1, 54.1, 49.1

ppm. HRMS (ESIn/zcalculated for gsH29N205S [(M + H)'] 469.1797 found469.1796.

> OMe
SO NG
© N\S OMe
O,
N-cyclobutyl-3,4-dimethoxy-N-(4-(morpholinomethyl)benzyl)benzenesulfonamide (3a)

Yield: 46%.'H NMR (400 MHz, CDCJ): # 7.447.42 (ddJ = 8.4, 2 Hz, 1H), 7.3%.25 (m, 5H),
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6.956.93 (d,J = 8 Hz, 1H), 4.39 (s, 2H), 4.32.23 (quintet,) = 8 Hz, 1H), 3.96 (s, 3H), 3.92 (s,
3H), 3.743.72 (t,J = 4 Hz, 4H), 3.51 (s, 2H), 2.46 (s, 4H), 1-994 (m, 4H), 1.57.52 (m, 2H)
ppm.*C NMR (100 MHz, CDG)): # 152.4, 149.0, 137.8, 132.0, 129.4, 127.1, 120.91, 110.6,
109.8, 66.9, 63.0, 56.2, 56.2, 53.5, 52.9, 48.1, 29.2, 15.0 ppm. HRMSnES#lculated for

Co4H33N-05S [(M + H)+] 461.2110, found 461.2102.

OO O

N-Cyclobutyl-3,4-dimethoxy-N-(3-(morpholinomethyl)benzyl)benzenesulfonamide (3b)

Yield: 81%."H NMR (400 MHz, CDCY): # 7.447.41 (dd,J = 8.4, 2 Hz, 1H), 7.30.21 (m, 5H),
6.956.93 (d J = 8 Hz, 1H), 4.39 (s, 2H), 4.3824 (quintet) = 8 Hz, 1H), 3.95 (s, 3H), 3.91 (s,

3H), 3.723.69 (t,J = 4 Hz, 4H), 3.49 (s, 2H), 2.43 (s, 4H), 1-992 (m, 4H), 1.58..48 (m, 2H)
ppm. *C NMR (100 MHz, CDGJ): # 152.4, 149.0, 138.7, 137.9, 131128.4, 128.1, 127.8,
126.0, 120.9, 110.5, 109.7, 67.0, 63.3, 56.2, 56.2, 53.6, 52.9, 48.3, 29.2, 15.1 ppm. HRMS (ESI)

m/zcalculated for g4Hz3N,0sS [(M + H)'] 461.2110, found 461.2112.

@\j\? /©:0Me

N-Cyclobutyl-3,4-dimethoxy-N-(2-(morpholinomethyl)benzyl)benzenesulfonamide (3¢c)
Yield: 63%.'H NMR (400 MHz, CDCJ): # 7.577.55 (d,J = 8 Hz, 1H), 7.487.46 (dd,J = 8.4, 2

Hz, 1H), 7.317.27 (m, 2H), 7.1&.16 (d,J = 8 Hz, 1H), 6.965.94 (d,J = 8 Hz, 1H), 4.68 (s,
2H), 4.514.40(quintet,J = 8 Hz, 1H), 3.96 (s, 3H), 3.92 (s, 3H), 3.65 (M, 4H), 3.50 (s, 2H), 2.42

(s, 4H), 1.931.90 (m, 4H), 1.56.50 (m, 2H) ppm**C NMR (100 MHz, CDQJ): # 152.4,
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149.0, 138.4, 133.4, 132.1, 130.6, 128.0, 127.4, 126.5, 121.0, 110.5, 109.8167.56.3, 56.2,
53.5, 52.7, 44.5, 28.9, 15.1 ppm. HRMS (EBijz calculated for GHzsN,0sS [(M + H)']

461.2110, found 461.2905.

o™ A
MO e
N‘S OMe
Oz
N-Cyclobutyl-3,4-dimethoxy-N-(4-morpholinobenzyl)benzenesulfonamide (3d)

o

)
200 Ne
N Nog OMe
0,
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3,4-dimethoxy-N-(2-

morpholinoethyl)benzenesulfonamide (4a)

O
N
mJ
(X
X S OMe

N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3,4-dimethoxy-N-(3-

morpholinopropyl)benzenesulfonamide (4b)

2
N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-N-phenylmorpholine-4-sulfonamide (5a)Yield:

17%.'H NMR (400 MHz, CDCY): # 7.327.25 (m, 5H), 6.95.90 (d,J = 8 Hz, 1H), 6.83 (s,
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1H), 6.666.64 (d,J =8 Hz, 1H), 6.265.24 (d,J = 8 Hz, 1H), 5.635.59 (d,J = 8 Hz, 1H), 4.702
(s, 2H), 3.626 (m, 4H), 3.165 (m, 4H), 1.41 (s, 6H) ppi@.NMR (100 MHz, CDCJ): # 131.0,
129.6, 129.2, 129.1, 127.9, 126.9, 122.1, 116.2, 66.3, 56.3, 46.5, 28.0 ppm. HRMBUESI)

calculated for H,7N204S [(M + H)'] 415.1695, found 415.1692.

4-(4-Bromobenzyl)morpholine (7a)Yield: quantitative.H NMR (400 MHz, CDGJ): # 7.42
740 (d,J = 8 Hz, 2H), 7.1267.18 (d,J = 8 Hz, 2H), 3.68.66 (t,J = 4 Hz, 4H), 3.40 (s, 2H),
2.40 (s, 4H) ppm**C NMR (100 MHz, CDGJ): # 136.9, 131.4, 130.8, 120.9, 66.9, 62.6, 53.6

ppm. HRMS (ESIn/zcalculated for ¢H1sNOBr [(M + H)'] 256.0337, fond 256.0346.

4-(3-Bromobenzyl)morpholine (7b)Yield: quantitative’H NMR (400 MHz, CDCJ): # 7.47 (s,
1H), 7.357.34 (d,J = 8 Hz, 1H), 7.227.20 (d,J = 8 Hz, 1H), 7.157.11 (t,J = 4 Hz, 1H), 3.66
3.64 (d, J = 8 Hz, 4H), 3.40 (s, 2H), 2.38 (s, 4H) ppi@.NMR (100 MHz, CDG)): # 140.5,
131.9, 130.2, 129.8, 127.6, 122.5, 65.9, 62.7, 53.6 ppm. HRMS (BRIxalculated for

C11H1sNOBr [(M + H)+] 256.0337, found 256.0347.

Br

N

@)
4-(2-Bromobenzyl)morpholine (7c)Yield: quantitative.'H NMR (400 MHz, CDCJ): # 7.53
7.51 (d,J = 8Hz, 1H), 7.477.45 (d,J = 8 Hz, 1H), 7.277.23 (t,J = 4 Hz, 1H), 7.097.06 (t,J=8

Hz, 1H), 3.69 (s Hz, 4H), 3.57 (s, 2H), 2.49 (s, 4H) pB@.NMR (100 MHz, CITly): # 137.2,
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132.8, 130.8, 128.5, 127.2, 124.7, 67.6, 66.8, 62.2, 53.6 ppm. HRMSn@&Sculated for

C11H1sNOBr [(M + H)+] 256.0337, found 256.0348.

4-(Morpholinomethyl)benzaldehyde (8a)Yield: 74%H NMR (400 MHz, CDCY): # 9.96 (s,
1H), 7.827.80 (d,J = 8 Hz, 2H), 7.567.48 (d,J = 8 Hz, 2H), 3.68.67 (m, 4H), 3.54 (s, 2H),
2.43 (m, 4H) ppm**C NMR (100 MHz, CDGJ): # 191.9, 145.2, 135.5, 129.8, 129.5, 129.2,
66.9, 63.0, 53.6 ppm. HRMS (ESt)/z calculated for GH1NO, [(M + H)*] 206.1181 found

206.1182.

3-(Morpholinomethyl)benzaldehyde (8b)Yield: 88%'H NMR (400 MHz, CDC)): # 9.92 (s,
1H), 7.77 (s, 1H), 7.70.68 (d,J = 8 Hz, 1H), 7.557.53 (d,J = 8 Hz, 2H), 7.4387.39 (t,J= 7.6
Hz, 1H), 3.63 (m, 4H), 3.5 (s, 2H), 2.39 (m, 4H) ppgic NMR (100 MHz, CDGJ): # 192.3,
138.8, 136.5, 135.2, 130.2, 129.0, 128.7, 66.7, 62.6, 53.42, 53.3 ppm. HRMSn{ESI)

calculated for GH1NO, [(M + H)*] 206.1181, found 206.1183.

CHO

N

¢}
2-(Morpholinomethyl)benzaldehyde (8c)Yield: 85%.*H NMR (400 MHz, CDCJ): # 10.37,
(s, 1H), 7.827.80 (d,J = 8 Hz, 1H), 7.457.43 (d,J = 8 Hz, 1H), 7.377.33 (m, 2H), 3.76 (s, 2H),

3.583.57 (m, 4H), 2.4@.39 (m, 4H) ppm**C NMR (100 MHz, CDGJ):# 192.0, 140.4, 135.0,
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133.2, 130.6, 129.4, 127.9, 67.0, 66.9, 60.1, 55353 ppm. HRMS (ESI)n/z calculated for

CioH16NOoNa [(M + Naf] 206.1181, found 206.1186.

N-(4-(Morpholinomethyl)benzyl)aniline (9a) Yield: 60%.'H NMR (400 MHz, CDCY): # 7.23
7.17 (m, 4H), 6.79%.66 (m, 5H), 4.34 (s, 2H), 3.74 (m, 4H), 3.53 (s, 2H)4 21, 4H) ppm3C
NMR (100 MHz, CDC}): # 148.2, 138.4, 136.8, 129.5, 129.3, 127.5, 118.6, 117.6, 115.1, 112.9,

67.0, 63.2, 53.6, 48.1 ppm. HRM8B/z (ESI) calculated for GH2:NO, [(M + H)'] 260.1651,

found 260.1657.

N-(3-(Morpholinomethyl)benzyl)aniline (9b) Yield: 60%.'H NMR (400 MHz, CDCJ): #
7.3607.17 (m, 6H), 6.76.65 (m, 3H), 4.35 (s, 2H), 3.7872 (m, 4H), 3.52 (s, 2H), 2.45 (m,
4H) ppm.**C NMR (100 MHz, CDGJ): 148.1, 139.5, 138.1, 129.3, 128.6, 128.3, 128265,
117.6, 112.9, 67.0, 63.4, 5348.3 ppm. HRMS (ESln/zcalculated for GgH23N-0 [(M + H)']

283.1810, found 283.1809.

¢

NH

N

o

N-(2-(Morpholinomethyl)benzyl)aniline (9c) Yield: 54%.'H NMR (400 MHz, CDCJ): #

7.467.44 (d,J = 8 Hz, 1H), 7.327.22 (m,5H), 6.766.74 (d,J = 8 Hz, 3H), 5.37 (bs, 1H), 4.39
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(s, 2H), 3.75 (m, 4H), 3.57 (s, 2H), 2.51 (m, 4H) ppiT NMR (100 MHz, CDGJ):148.6,
138.9, 135.8, 131.5, 130.0, 129.3, 128.2, 127.2, 113.1, 67.1, 61.7, 53.5, 46.9 ppm. HRMS (ESI)

m/zcalculated for GgH23N,0 [(M + H)'] 283.1810, found 283.1805.

@@P

N-(4-Morpholinobenzyl)aniline (9d) Yield: 25%."H NMR (400 MHz, CDCJ): # 7.347.32 (d,
J =8 Hz, 2H), 7.237.21 (d,J = 8 Hz, 2H), 6.9%.93 (d,J = 8 Hz, 2H), 6.78.75 (t,J = 8 Hz,
1H), 6.696.69 (d,J = 8 Hz, 2H), 4.28 (s, 2H), 4.00 (bs, 1H), 3390 (m, 4H), 3.18.18 (m,
4H) ppm.C NMR (100 MHz, CDGCJ): # 150.6, 148.3, 130.76, 129.3, 128.7, 117.5, 115.9,
112.9, 67.0, 49.5, 47.8 ppm. HRMS (E8i)z calculated for ¢HooN-O [(M + H)'] 269.1648,

found 269.1659.

N
o Y
o\) NH
N-(4-(Morpholinomethyl)benzyl)cyclobutanamine (10a) Yield: 89% unpurified '"H NMR
(400 MHz, CDCY)): # 7.3157.261 (m, 4H), 3.698.678 (m, 4H), 3.472 (s, 2H), 3.3@3275 (m,
1H), 2.425 (m, 4H), 2.222.207 (m, 2H), 1.633.618 (m, 4H) ppm**C NMR (100 MHz,

CDCly): # 139.35, 136.31, 129.44, 128.13, 66.99, 63.17, 53.58, 50.75, 31.10, 14.79 ppm. HRMS

(ESI)m/zcalculated for GHzsNO; [(M + H)*] 261.1967, found 261.1961.

N-(3-(Morpholinomethyl)benzyl)cyclobutanamine (10b) Yield: 88% unpurified *H NMR

(400 MHz, CDCY): 7.327.19 (m, 4H), 3.69 (m, 6H), 3.4948 (m, 2H), 3.3B.28 (quintet,) =
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7.6 Hz, 1H), 2.43 (m, 4H), 2.22.20 (m, 2H), 1.74..63 (m, 4H) ppm**C NMR (100 MHz,
CDCl): 140.3, 137.9, 129.0, 128.6, 127.8, 127.1, 66.9, 637, $3.6 51.0, 31.1, 14.8 ppm.
HRMS (ESI)m/zcalculated for GH2sNO, [(M + H)*] 261.1967, found 261.1963.

N

Y

NH

N

O

N-(2-(Morpholinomethyl)benzyl)cyclobutanamine (10c)94% unpurified *H NMR (400 MHz,
CDCl): # 7.327.18 (m, 4H), 3.75 (s, 2H), 3.67 (s, 413)53 (s, 2H), 3.33.30 (quintet, J = 7.6

Hz, 1H), 2.53 (s, 1H), 2.46 (s, 4H), 2:2118 (m, 2H), 1.74..63 (m, 4H) ppm-*C NMR (100

MHz, CDCk): # 140.2, 135.7, 131.2, 130.5, 127.9, 126.7, 67.0, 61.6, 53.6, 53.5, 49.5, 30.9, 15.1

ppm. HRMS (ESIm/zcalalated for GeH2sN20 [(M + H)'] 261.1967, found 261.1968.

Ty ¢

N-(4-Morpholinobenzyl)cyclobutanamine (10d)Yield: 90% unpurified *H NMR (400 MHz,
CDCly): # 7.237.21 (d,J = 8 Hz, 2H), 6.8%.86 (d,J = 8 Hz, 2H), 3.863.84 (m, 4H), 3.62 (s,
2H), 3.303.25 Quintet,J =6.8 Hz, 1H), 3.148.11 (m, 4H), 2.22.19 (m, 2H), 1.74..62 (m, 4H)
ppm. C NMR (100 MHz, CDGCJ): # 150.3, 131.9, 129.1, 115.7, 66.9, 53.5, 50.4, 49.5, 31.1,

14.8 ppm. HRMS (ESlin/zcalculated for @H23N20 [(M + H)] 247.1810, found 247.181

pes!
X CHO
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2,2-Dimethyl-2H-chromene6-carbaldehyde (11)Yield: 80%.'H NMR (400 MHz, CDCJ): #
9.83 (s, 1H), 7.65.63 (d,J = 8 Hz, 1H), 7.52 (s, 1H), 6.8886 (d,J = 8 Hz, 1H), 6.3%.36 (d,

J=8Hz, 1H), 5.766.68 (d,J = 8Hz, 1H), 1.47 (s, 6H).
)
N
so it
\/\©\/NH

N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-2-morpholinoethanamine (12a) Unpurified ‘H
NMR (400 MHz, CDCJ): # 7.207.12 (m, 1H), 7.0%6.99 (d,J = 8 Hz, 1H), 6.91 (s, 1H), 6.70
6.68 (d,J = 8 Hz, 1H), 6.28.26 (d,J = 10 Hz, 1H), 5.5%.56 (d,J = 10 Hz, 1H)3.72 (s, 2H),
3.663.64 (M, 4H), 3.09 (s, 1H), 2.6664 (M, 2H), 2.42.44 (m, 2H), 2.35 (M, 4H), 1.39 (s, 6H)
ppm. *C NMR (100 MHz, CDGJ): # 152.0, 132.2, 130.9, 128.9, 126.2, 125.3, 122.4, 121.5,
116.1, 73.9, 66.9, 53.6, 53.2, 44.9, 27.9 ppm. HRMS)(&/zcalculated for GH27N20; [(M +

H)*] 303.2073, found 303.2063.

o
(S

N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3-morpholinopropan-1-amine (12b)Unpurified
'H NMR (400 MHz, CDCJ): # 7.187.10 (m, 1H), 6.9%.97 (d,J = 8 Hz, 1H), 6.89 (s, 1H),
6.686.66 (d,J = 8 Hz, 1H), 6.265.23 (d,J = 10 Hz, 1H), 5.56.54 (d,J = 10 Hz, 1H), 3.69 (s,
2H), 3.63 (M, 4H), 2.63 (m, 2H), 2.3735 (m, 4H), 1.67.58 (m, 2H), 1.58 (m, 2H), 1.37 (s,
6H) ppm.*C NMR (100 MHz, CDGJ): # 151.9, 132.3, 130.9, 128.8, 126.22.3, 121.5, 116.1,
73.9, 66.9, 57.3, 53.7, 47.9, 27.6, 27.9, 26.4 ppm. HRMS (BR&I¢alculated for GH29N,0,

[(M + H)] 317.2229, found 317.2237.
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N-((2,2-Dimethyl-2H-pyrano[3,2-b]pyridin -6-yl)methyl)-2-morpholinoethanamine (12c)

Yield: 76%unpurified. *"H NMR (400 MHz, CDCJ): # 7.0056.944 (m, 2H), 6.465.437 (d, J =

10 Hz, 1H), 5.85%5.825 (d, J =10.4 Hz, 1H), 3.763 (s, 2H), 387653 (m, 4H), 2.708.676

(m, 2H), 2.4932.462 (m, 2H), 2.380 (m, 4H), 1.420 (s, 6H) ppra: NMR (100 MHz, CDGJ):
#151.31, 148.38, 140.71, 135.26, 123.86, 123.30, 122.30, 76.78, 66.93, 58.24, 54.54, 53.63,
45.35, 28.23 ppm. HRMS (ESH/z calculated for ¢Ho6NsO> [(M + H)™] 304.2025, found

304.2031.

Q

N-((2,2-Dimethyl-2H-pyrano[3,2-b]pyridin -6-yl)methyl)-3-morpholinopropan-1-amine

(12d) Yield: 73%unpurified *H NMR (400 MHz, CDCY): # 6.9886.928 (m, 2H), 6.456.425

(d, J = 10 Hz, 1H), 5.838.809 (d, J = 10 Hz, 1H), 3.730 (s, 2H), 3.66641 (m, 4H), 2.676

2.643 (m, 2H), 2.382.344 (m, 6H), 1.694.659 (m, 2H), 407 (s, 6H) ppm**C NMR (100

MHz, CDCk): # 151.18, 148.36, 140.70, 135.20, 123.89, 123.29, 122.24, 76.81, 57.29, 54.70,
53.71, 48.12, 28.10, 26.61. HRMS (E®i)z calculated for GH»sNsO- [(M + H)'] 318.2182,

found 318.2185.
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N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)aniline (13a) Yield: 80%. 'H NMR (400 MHz,
CDCly): # 7.267.21 (m, 3H), 6.9%.96 (d,J = 8 Hz, 1H), 6.88.86 (m, 1H), 6.79%.72 (m, 3H),
6.406.38 (d,J = 8 Hz, 1H), 5.6%.67 (d,J = 8 Hz, 1H), 4.37 (s, 2H), 4.06 (s, 1H) 1.51 (s)6H
ppm. *C NMR (100 MHz, CDGJ): # 150.8, 148.5, 130.6, 129.2, 128.9, 126.5, 125.5, 122.5,
121.1, 120.5, 117.4, 113.2, 76.44, 43.11, 28.18 ppm. HRMS (@3talculated for GHooNO

[(M + H)*] 266.1545, found 266.1548.
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4 DESIGN AND SYNTHESIS OF NOVEL BI-ARYL METHANOLIC HIF -1

INHIBITORS AS ANTI -CANCER THERAPEUTICS

The work presented in this chapter is based on a manuscript in preparation for submission
to the Journal oMedicinal Chemistry. This chapter includes compounds synthesized by Jalisa

Holmes. and Krishna Damerh.

4.1 Abstract

Although there has beemuch progress in the battle against cancer, there is still a need
for antkcancer therapeutics that are not cytotoXie.this end, we are interested in targeting the
HIF pathway. Based off of initial screeninbe compounds described herbave been designed

to specifically inhibit the HIF pathway and have desirable pharmacological properties.

4.2 Introduction

Cancer is e second most prevalent cause of death in the United States, behind heart
diseasé.Many cancers are associated with hypoxia, a lack of oxygen. Hypoxic corditio
otherwise healthy cells can lead to cell necrosis and reoxygenation injuries. Cancer cells,
however, survive and even thrive under hypoxic conditions due to their ability to turn on gene

expression via multiple pathways that can change metaboligmthe anaerobic, glycolytic
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pathway; promote angiogenesis; turn on immortalization, increase metastatic potential, resist
apoptosis, and increase resistance to radiation and chemothérapies.
One such pathway is the hyposialucible transcription factor 1 (HiE) pathway® HIF
is a basidoop-helix-loop motif heterodimeric transcription factor composed of two subunits:
HIF-1! and HIF1". HIF-1" is constitutively expressed, but HIF is regulated by oxygen
levels? Under normoxic conditions, when there is enough oxygen present in the systert, HIF1
is dihydroxylated by HIF prolyl hydroxylases, which use molecular oxygen as the source of the
hydroxyls, at prolines 402 and 58&he dihydroxylated form of HIRL binds to von Hippel
Lindau tumor suppressor protein (VHL), which leads to the ubiquitination of the complex and
subsequent proteosomal degradafiorlUnder hypoxic conditions, however, HIR
hydroxylation does not occur and HIF is no longer degraded. As HIF accumulates, it
binds to HIFY" and forms the heterodimeric complex, which, along withdbactivator p300,
forms the HIF complex that acts as transcription factor for a multitude of genes. The HIF
transcription complex binds to hypoxic response elements (HRE) in the regulatory regions of
many genes, such &EGF (vascular endothelial growtfactor), EPO (eythropoietin),GLUT1
(glucose transporter W)PH (lactate dehydrogenase), ak@S(nitric oxide synthase).
Overexpression of HH! occurs in many cancers, such as cervical, ovatiarg,
oesophagel, colon, breast, pancreatic, prostate, renal, head and neck, and brain carcinomas. In
many cases, increased HIF has been associated with increased mortality, cancer progression,
and resistance to traditional chemotherapy, radiationhotomlynamic therapy.This can be
attributed mostly to the hypoxic environment created in solid tumors. As tumors grow, they
need increased vasculature in order to receive oxygen and nutrients. Hypoxic conditions in the

tumor can signal expression ofopaingiogenic genes such as VEGF. Although new vasculature
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is established, it is often leaky and inadeqdafthis leads to resistance to therapy because the
tumor is not accessible to the chemotherapy or radiation. Given the role of the HIF pathway in

hypoxia and cancer pgoession, it is an attractive target for cancer chemotherapy.

N ~ N
X S OMe X N S OMe
0O,

O,
1 2
OH
(@) OMe O
%
N\
X S OMe X 57N
O, O,
3 4

Figure 4.1. 4 lead compounds identified in the aryl sulfonamide class of HIF inhibitors.

As an initial step in the development of novel snmablecule inhibitors of the HIF
pathway, we initially screened a library of 10,000 compounds from-di@&thylbenzopyran
combinatorial library using an LN229RE-alkaline phosphatase assdyThis initial screening
yielded a fewpromising hits, with the lead compound identified as KC[{, Figure4.1) having
an 1Gyo of 0.59 uM.* Since then, our collaborative team has identified additional small
molecules such ad\-cyclobutykN-((2,2-dimethyt2H-pyrano[3,2b]pyridin-6-yl)methyl)-3,4-
dimethoxybenzenesulfonamid®, (Figure 4.1), N-((2,2-dimethyt2H-chromenr6-yl)methyl)}-N-
isopropyt3,4-dimethoxybenzenesulfonamid8, (Figure 4.1), N-((8-hydroxy-2,2-dimethyt2H-
chromen6-yl)methyl)}N-isopropylpyridine2-sulfonamide 4, Figure 4.1)}* Moreover,
computational studies have suggested a dual binding mode for these compounds to p300 and

initial in vitro andin vivo resultsof 1 have shown very promising resultsspecially that these
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classes of compounds do not have any inherent toxiciye to poor solubility, howeved,
must be formulated in cremphor/ethanol, which has been shown to have toxicity problems in
other anticancer therapeuti¢d With all of this in mind, we began to search for novel structural

features to broaden our SAR and perhaps discover a new lead compoundendsis s
4.3 Results and Discussion

4.3.1 Design

Based offof our previous resultgshe SAR for the aryl sulfonamide HIF inhibitofsas
becomesomewhat flat, with many compounds exhibiting aneh Malues in the 250000 nM
range. We initially chose to keep the -Bithethyl2H-chromene moiety and the 30,40
dimethoxyphenyl moiety from and link them together via a methanolic linker, which was seen
in some of the less potent hits of the initial screening. We also wanted to diversify the pool of
analogs by making moddations in 3 places (Figu#2): Class 1 compounds vary in the left
hand aryl system, Ar Class 2 compounds vary in the right hand aryl system,ald Class 3
compounds vary in the linker between the two aryl groups. Since these compounds were
designedto be both more potent and more soluble, ithsilico logP and logS values were
calculatedwith the online software ALOGPS 2.1 (Virtual Computational Chemistry Laboratory,

http://www.vcclab.ory™®
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Class 1 = Ar; modibcations

Class 1A
R; =H or OMe o OMe
X=CorN . .
. @ Class 2 = Ar, modibcations
R j/ OMe
2~
0 OH
/\Ejy Arg Ar, \ | o Rs
linker X
. . . RG
Class 1B Class 3: linker modibcations
R, = tetrahydrofuran or
tetrahydro-2H-pyran A A Class 2
r
iy 2 Rs.c = H or OMe
X=CorN

0]
Rg/\©\//
Class 1C
R3 = morpholine, bromo

X
R4_| P
Class 1D

R4 = H, OMe, or fused rings

Figure 4.2. Three classes of analogs

4.3.2 Chemistry

4.3.2.1 Class I: Ax modifications.

Class 1A compounds were synthesized in 1 or 2 steps from readily synthesized aldehydes
5a-c (Figure 4.3.231° First, aldehyde&a-c were coupled with bromo1,2-dimethoxybenzene
through lithiation and then addition reaction to yield alcoltalix. Next, the double bondas

hydrogenated to a single bond to yield componnd
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Ry 0 Iy OMe o Iy OMe
0 N a | X b AK | AN
PP Ny OMe N OMe
X~ CcHO
OH OH
5 6 7

Figure 4.3. Synthesis of Class 1A compounds
Ri1=H, X=C,57a R; = OMe, X = C,5-7b; Ry = H, X = N, 5-7¢c; Reagents and conditions: (a)

4-bromo-1,2-dimethoxybenzene, buli78°C, 4963%; (b) B, Pd/C, MeOH, overnight.

Class 1B compounds were synthesized in 2 steps from commercially availaioled
4-(bromomethyl)benzend (Figure 4.4) First, 8 underwent SN2 displacement with either
tetrahydrofuan-3-ol or tetrahydre?H-pyran4-ol to yield ether®a-c. Next, after lithiation9a-c

were reacted with 3;dimethoxybenzaldehyde to yield alcohol compoubh@isc.

R, OMe
— R ——
& Br Br OMe
OH

8 9 10
Figure 4.4. Synthesis of Class 1Bompounds
R, = (S)}tetrahydrofurarB-ol, 10g R, = (R)}-tetrahydrofurasB-ol, 10; R; = tetrahydre2H-pyran
4-ol, 10c Reagents and conditions: (a) NaH, alcoh®&C @ room temperature, overnight,-48

85% (b) 3,4dimethoxybenzaldehyde, bul-¥8°C, 5894%.

Class 1C compounds were synthesized in 2 steps from commercially avaitabiad
4-(bromomethyl)benzeng (Figure 4.5) First,8 underwent SN2 displacement with morpholine,
or N-methylpipirizine to yield compoundklab. Next,11a were reacted with byk lithium and

then 3,4dimethoxybenzaldehyde to yield alcohtka-c.
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Figure 4.5. Synthesis of Class 1C compounds
Rs = morpholine, 11-12a R3; = methylbromo,12b; R; = 4-methylpiperazinl-yl, 11-12c .
Reagents and conditions: (a) -8ldnethoxybenzaldehyde, BuLi;78 °C, 85%. (b) 3,4

dimethoxybromobenzenee, Buk¥8 °C, 89%.

Class 1D compounds were synthesized in 1 step from commercially available starting
materialsl3 and 14, which consist of an aiypromide and an aryl aldehyde, which were coupled
together to yield alcohols5ad (Figure 4.6)

OMe
L+ @[OME’ : R“—I/j\(@:
a7 =
=
Y z OMe OMe

OH

13 14 15

Figure 4.6. Synthesis of Class 1C compounds
Rs=H, Y =Br, Z = CHO,158 R4 = 3,4dimethoxy, Y= Br, Z = CHO15b; R;=2,4dimethoxy,
Y = Br, Z = CHO,15¢ Rs= 4-methylbromide, Y = Br, Z = CHO15d; Rs= benzofuran, Y =

CHO, Z = Br,15e Reagents and conditions: (a) bu7ig’C, 4665%.
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4.3.2.2 Class 2: As modifications.
Class 2 compands were synthesized in 1 facile step from commercially available
starting materiald6 and17, which consist of an aryl bromide and an aryl aldehyde, which were

coupled to yield alcohol$8a-d (Figure 4.7)

T, - L —— oY
+ X NN - Ko
X v 27X~ R, Re

16 17 18

Figure 4.7. Synthesis of Class 2A compounds
Rs=H,R=H,X=C,Y=CHO,Z=Brl8g Rs=0OMe, R=H, X=C, Y =CHO, Z = Br,
18b; Rs=H, RR=0OMe, X=C,Y =Br, Z=CHO18c Rs=H,Rs=H, X=N, Y=CHO, Z =

Br, 18d. Reagents and conditions: (a) Bu78 °C.

4.3.2.3 Class 3: Linker modifications.
Class 3 compounds were synthesized in 1 step from alcohol compéand®a,and

12b. Each alcohol was oxidized to its corresponding kel®@zec (Figure 4.8)

OMe a OMe
— > Ar
Ar 1
l\(@OMe \[ OMe
OH o

6a, 10a, 12b 19a-c

Figure 4.8. Synthesis of Class 3 compounds
Ar; = 6-(2,2dimethyt2H-chromenyl), 6a, 19a; Ar; = 1-(4-((((9-tetrahydrofurasB-
yl)oxy)methyl)phenyl, 10a, 19h Ar; = 1-(4-bromomethyl)phenyl,12b, 19c. Reagents and

condiions: (a) DDQ, 10:1 DCM/AcOH, rt, overnight, 4®%
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For Class 1A compoundSable 4.1) the best compound was the original compotad

with the 2,2dimethyl2H-chromene, with an 1§ of 0.6 uM. The addition of the methoxy group

resulted in a 5-2old decrease frora.

Table 4.1. Class 1A compounds and 16

Structure ICs0 (UM) | logP | logS
O OMe
6a [\/\‘\”Oom 0.6 3.68| -4.43
OH
OMe
@] OMe
o | T U™ o o] s
OMe
OH

Our overall best compound wafa of Class 1B(Table 4.2) with an 1Gyvalue of 0.32

MM. It is interesting to note that the diasteromerl®§ 10b, was not as active, and, in fact,

suffered a 14dold loss of activity with the change of the stereocentethe tetrahydrofuran

moiety. In addition, exchanging ti{&)tetrahydrofuran for the larger tetrahydropyran moiety,

compound10c, also resulted in a ifdld decrease in activity. This demonstrates that this

position is very important to the activity ofetltompound and small changes in this position are

not welktolerated.



Table 4.2. Class 1B compounds and 16

Structure ICs0 (UM) | logP | logS
Oau,o _~_OMe
10a « | 0.32 2.29-3.85
OMe
OH
OO\O = OMe
10b - | 3.2 2.29-3.85
OMe
OH
@t
s OMe
10c © O O 3.2 2.62|-4.14
OMe
OH
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Unfortunately, only one of the compounds in Class 1C showed any a¢liaitye 4.3)

12b had a moderate activity of 1.0 uM. It seems that the bulky bromo substituent and morpholine

moiety are not weltolerated in that position. This is unusual becabseaddition of morpholine

moieties in various position in the aryl sulfonamide series was tolerated. It is possible that the
increased activity seen in morphohsebstituted aryl sulfonamides comes from an increase in

solubility, but the methanolic coropnds are already quite soluble, so the same increase is not

observed.



Table 4.3. Class 1C compounds and 1§

Structure ICs0 (UM) | logP | logS
o)
K/N _~_OMe
12a | >5 2.29|-3.04
X OMe
OH
Br Z | OMe
12b X OMe 1.0 3.29 | -4.39
OH
K/N OMe
12¢ O O >5 2.41|-2.56
OMe
OH
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In addition, only one of the compounds in Class 1D showed any a¢liabje 4.4) 15a

demonstrated low activity of 2.1 uM. Methoxy groups and a fused benzopyran system were not

tolerated.Unfortunately the Class 2 compounds have not yet been evaldatediological

activity, so cannot be analyzed at this time. In additrmme of the compounds in Class 3
demonstrated any activity. This decrease in activity can be ascribed to either loss of solubility (as

demonstrated by increased logP and logS vale=n compared to the reduced compounds) or

lower affinity for the target protein, p300.



Table 4.4. Class 1D compounds and 1€

Structure ICs0 (UM) | logP | logS
| X Z | OMe
15a = X OMe 2.1 2.55|-3.01
OH
MeO = | OMe
15b MeO =~ OMe >5 2.32|-3.41
OH
OMe
= OMe
15¢ - | >5 2.46 | -3.39
OMe
OMe OH
e OMe
15d O O OMe >5 2.61| -3.65

OH
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Table 4.5. Class 2 compounds and 1€

¢
18a N O O TBD | 3.93| -4.10
OH
@) OMe
18b N O O TBD | 3.83| -4.30
OH
oV
18c N OMe TBD | 3.83| -4.29
OH
o) A
18d N N TBD | 2.71| -3.11
OH
Table 4.6. Class3 compounds and 1Gg
Structure ICs0 (UM) | logP | logS
O OMe
19a X O O OMe >5 4.03| -5.08
0
Jd_]
0 = OMe
19b - | >5 2.75 | -4.49
OMe
o}
OMe
eV
19c¢ ”om >5 3.78 | -5.14
¢

9(
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4.4 Conclusion

In conclusion, 21 novel aryl methanolic compounds were synthesized. However, only
2/3 of these compounds have been evaluated to dakeological activity. Of those 1that have
been evaluated, 9 showed activity, with the best compttQademonstrating an activity of 0.32
MM, which is a 1.8old increase in activity from the original mpoundl. In addition, all of the
compounds have better logP and logS values than thasedd7 and6.05, respectively. The
best compoundOa has the second lowest logP value, 2.29, which is-flti7lower thanl. In

fact, 10ahas the lowest logP vadof all compounds except fdRa which has the same logP.

4.5 Experimental

General methods and materials

All commercial chemicals were reagent grade, obtained from VWR, Aldrich, and Oakwood
Chemicals and were used without further purification unless otherwise indigteshd *°C
spectra were obtained on a Bruker 400 NMR spectrometer at 400 and 100 Midetivebp in
deuterated solvent with TMS as internal reference (# = 0.00 ppm). For all reactions, analytical
grade solvent was used. Anhydrous solvents were used for all m@shsgi@ive reactions.
High-resolution mass spectra were obtained by the pestrometry Facilities at Georgia State
University on a Waters MicromassTpf (ESI).

General procedure for coupling between aryl bromide and aryl aldehyde to form alcohols: 1.0
equivalents of aryl bromide was dissolved in anhydrous THF under argon aled ao a dry
ice/acetone bath. After 20 min, 1.4 equivalents of BuLi was added. After 20 min, 1.4 equivalents
of aryl aldehyde was added. The reaction was stirred in the dry ice/acetone bath for 40 min

before the reaction temperature was brought to roempérature and then quenched with
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saturated NECI. The reaction mixture was taken up in ethyl acetate, washed with brine, dried
over MgSQ, and purified by flash column chromatography.

General procedure f@N2 displacement of bromide by alcohols: 1.0 gglaénts of tbromo4-
(bromomethyl)benzene was dissolved in anhydrous THF and cooled in an ice bath. 1.0
equivalents of alcohol reagent and 1.5 equivalents of NaH were added and the reaction stirred
overnight and the ice bath was allowed to warm to roonpéeature. The reaction was quenched

with saturated NKECI, taken up in ethyl acetate, washed with brined, dried over Mg&t

purified by flash column chromatography.

O,

2,2-Dimethyl-2H-chromene6-carbaldehyde (5a). Synthesized in 2 steps from- 4
hydroxyberzaldehyde, 23%H NMR (400 MHz, CDGJ): # 9.83 (s, 1H), 7.6%.63 (d,J = 8 Hz,
1H), 7.52 (s, 1H), 6.88.86 (d,J = 8 Hz, 1H), 5.765.68 (d,J = 8 Hz, 1H), 1.47 (s, 6H) ppm.

OMe

fﬂ@
X CHO

8-Methoxy-2,2-dimethyl-2H-chromene6-carbaldehyde (5b). Synthesized in 2 stepfrom
vanillin, 26%.'H NMR (400 MHz, CDCJ): # 9.78 (s, 1H), 7.30 (s, 1H), 7.15 (s, 1H), 65384
(d, J = 8 Hz, 1H), 5.6%.67 (d,J = 8 Hz, 1H), 3.90 (s, 3H), 1.51 (s, 6H) pplfC NMR (100
MHz, CDCk): # 190.8, 148.9, 147.9, 131.2, 129.4, 1232A1 .4, 121.3, 110.6, 78.2, 56.2, 28.3

ppm.
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2,2-Dimethyl-2H-pyrano[3,2-b]pyridine -6-carbaldehyde (5c¢).Synthesized in 3 steps from 2
bromo5-hydroxylpyridine, 23% yield*H NMR (400 MHz, CDCJ): # 9.91 s, 1H), 7.73.73 (d,
J=8Hz, 1H), 7.127.10 (d,J = 8 Hz, 1H), 6.58.56 (d,J = 8 Hz, 1H), 6.066.98 (d,J =8 Hz,
1H), 1.51 (s, 6H) ppnt>C NMR (100 MHz, CDGJ): # 191.9, 153.7, 145.8, 141.3, 136.3, 123.4,
123.2, 123.0, 78.67, 28.7 ppm.
A[o OMe

OH
(3,4-Dimethoxyphenyl)(2,2dimethyl-2H-chromen-6-yl)methanol (6a) Yield: 63%.*H NMR
(400 MHz, CDC}): # 7.107.08 (d,J = 8 Hz, 1H), 6.98 (s, 1H), 6.94 (s, 1H), 6:8B9 (d,J = 8
Hz, 1H), 6.856.83 (d,J = 8 Hz, 1H), 6.765.74 (d,J = 8 Hz, 1H), 6.336.28 (d, J = 9.6 Hz, 1H),
5.72 (s, IH), 5.6%.60 (s,J = 9.6 Hz,1H), 3.88 (s, 3H), 3.87 (s, 3H), 2.20 (s, 1H), 1.43 (s, 6H)
ppm. °C NMR (100 MHz, CDGJ): # 152.4, 149.0 148.4, 136.7, 136.3, 130.9, 127.4, 124.6,
122.3,121.1, 118.8, 116.2, 110.9, 109.7, 76.3, 75.5, 55.9, 55.9, 28.0, 28.0 ppm. HRM&ZESI)

calculatedor CyoH,,0sNa [(M + Na)] 349.1416, found 349.1419.
OMe

o OMe

T O,
OH

(3,4-Dimethoxyphenyl)(8-methoxy-2,2-dimethyl-2H-chromen-6-yl)methanol (6b)" Yield:
49%.'H NMR (400 MHz, CDCJ): # 6.946.82 (m, 4H), 6.61 (s, 1H), 6.29826 (d,J = 8Hz,
1H), 5.71 (s, 1H), 5.68.61 (d,J = 8Hz, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 3.84 (s, 3H), 1.48 (s,
6H) ppm.*3C NMR (100 MHz, CDGJ): 149.0, 148.4, 148.2, 141.4, 136.5, 136.0, 131.0, 122.4,

121.7, 118.9, 117.0, 110.9, 110.8, 109.8, 75.7, 60.4, 56.8, 55.9, 27.9 ppm. HRMS (ESi)/z

calculated for GH»30s [(M + H)*] 355.1545, found 355.1543.
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¢
uo/\@\
Br

(S)-3-((4-Bromobenzyl)oxy)tetrahydrofuran (9a). Yield: 48%.'"H NMR (400 MHz, CDGJ): #
7.367.34 (d,J = 8 Hz, 2H), 7.147.09 (d,J = 8 Hz, 2H), 4.31 (s,R), 4.06 (s, 1H), 3.88.69 (m,
4H), 1.901.88 (m, 2H) ppm**C NMR (100 MHz, CDGJ): # 137.3, 131.4, 129.2, 121.4, 79.3,

72.8,70.2, 67.0, 32.6 ppm.

O/\©\
Br

(R)-3-((4-Bromobenzyl)oxy)tetrahydrofuran (9b). Yield: 85%.'H NMR (400 MHz, CDCJ):
# 7.447.42 (d,J = 7.6 Hz, 2H), 7.19.17 (d,J = 7.6 Hz, 2H), 4.42 (s, 2H), 4.16 (s, 1H), 3.93
3.74 (m, 4H), 2.02.94 (m, 2H) ppm*C NMR (100 MHz, CDGJ): # 137.3, 131.5, 129.2,

121.4, 79.3, 72.7, 70.2, 67.0, 32.6 ppm. GCMS K@§)256 (M)".

4-((4-Bromobenzyl)oxyetrahydro-2H-pyran (9c). Yield: 82%.'H NMR (400 MHz, CDCJ):

# 7.457.43 (d,J = 7.6 Hz, 2H), 7.22.20 (d,J = 7.6 Hz, 2H), 4.48 (s, 2H), 3.9591 (m, 2H),
3.583.53 (m, 1H), 3.48.39 (t,J = 10.0 Hz, 2H), 1.924.89 (m, 2H), 1.67..58 (m, 2H) ppm.

13C NMR (100 MHz, CDCY): # 137.9, 131.4, 129.1, 121.3, 73.6, 68.8, 65.6, 32.4 ppm. GCMS

(EI) m/z270 (M),

)
- OMe
T
OMe
OH
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(3,4-Dimethoxyphenyl)(4((((S)-tetrahydrofuran -3-yl)oxy)methyl)phenyl)methanol  (10a).

Yield: 94%.*H NMR (400 MHz, CDCJ): # 7.267.24 (d,J = 7.6Hz, 2H), 7.197.17 (d,J = 7.6

Hz, 2H), 6.83 (s, 1H), 6.76.74 (d,J = 8.5 Hz, 1H), 6.6%.67 (d,J = 8.4 Hz, 1H), 5.58 (s, 1H),

4.35 (s, 2H), 4.06 (s, 1H), 3.60 (m, 10H), 1.91.81 (m, 2H) ppn->C NMR (100 MHz,
CDCly): # 148.9, 148.2, 143.9, 137.1, 136.9, 127.6 126.5, 118.9, 110.9, 109.8, 78.9, 75.3, 72.6,
70.7, 66.9, 55.8, 55.7, 32.4 ppm. HRMS (E8Icalculated for GoH»30s [(M - H)] 343.1545,

found 343.1532.

S\
OMe
O
OMe
OH

(3,4-Dimethoxyphenyl)(4((((R)-tetrahydrofuran -3-yl)oxy)methyl)phenyl)methanol  (10b).
Yield: 58%.H NMR (400 MHz, CDCJ): # 7.327.30 (d,J = 8.0 Hz, 2H), 7.267.24 (d,J = 7.2

Hz, 2H), 6.88 (s, 1H), 6.88.81 (d,J = 8.0 Hz, 1H), 6.7%6.75 (d,J = 8.0 Hz, 1H), 5.68 (s, 1H),

4.43 (s, 2H), 4.14 (s, 1H),85-3.73 (m, 10 H), 3.39 (bs, 1H), 14994 (m, 2H) ppm*°*C NMR

(100 MHz, CDCY): # 148.9, 148.3, 143.8, 137.7, 136.9, 127.7, 126.5, 118.9, 110.9, 109.8, 78.9,
75.5, 72.7, 70.8, 67.0, 55.9, 55.8, 32.5 ppm. HRMS (Etralculated for GoH»30s [(M - H)]

343.1545, found 343.1553.

L
O/ yZ OMe

N
OMe

OH
(3,4-Dimethoxyphenyl)(4(((tetrahydro -2H-pyran-4-yl)oxy)methyl)phenyl)methanol  (10c).
Yield: 64%."H NMR (400 MHz, CDCJ): # 7.307.28 (d,J = 7.6 Hz, 2H), 7.25.24 (d,J = 6.8

Hz, 2H), 6.87 (s, 1H), 6.86.79 (d,J = 8.0 Hz, 1H), 6.746.72 (d,J = 7.6 Hz, 1H), 5.63 (s, 1H),



96

4.46 (s, 2H), 3.88.79 (m, 2H), 3.79 (s, 3H), 3.77 (s, 3H), 3.51 (m, 1H), 33® (t,J = 9.6 Hz,
2H), 1.851.82 (m, 2H), 1.57.55 (m, 2H) ppm**C NMR (100 MHz, CDGJ): # 148.9, 148.3,
143.7 137.6, 137.0, 127.5, 126.5, 118.9, 110.9, 109.8, 75.4, 73.2, 69.2, 65.6, 55.9, 55.8, 32.3

ppm. HRMS (ESI)n/zcalculated for €H»s0s [(M - H)] 357.1702, found 357.1692.

¢}
oL

OMe

OH

(3,4-dimethoxyphenyl)(4morpholinophenyl)methanol (12a). Yield: 55%. 'H NMR (400
MHz, CDCLk): # 7.266.24 (d,J = 8 Hz, 2H), 6.92 (s, 1H), 6.83.80 (m, 4H), 5.70 (s, 1H), 3.85
(s, 3H), 3.83 (s, 3H), 3.82 (m, 4H), 3:3200 (m, 4H), 2.80 (s, 1H) ppr*C NMR (100 MHz,
CDCly): # 150.6, 148.9, 148.2, 136.9, 135.7, 127.5, 118.8, 115063,1109.7, 75.4, 66.8, 66.5,

55.9, 55.87, 49.3 ppm. HRMS (ESiyzcalculated for gH24NO4 [(M + H)™] 330.1705, found

330.1710.
Br l ! OMe
OMe
OH
(4-(Bromomethyl)phenyl)(3,4dimethoxyphenyl)methanol (12b).Yield: 85%.'*H NMR (400
MHz, CDCk): # 7.457.43 (d,J = 7.6 Hz, 2H), 7.317.29 (d,J = 7.6 Hz, 2H), 7.13 (s, 1H), 7.05
7.03 (d,J = 8 Hz, 2H), 6.9%.97 (d,J = 8 Hz, 2H), 5.92 (s, 1H), 4.01 (s, 3H), 4.00 (s, 3H), 3.04

(s, 2H), 2.57 (s, 1H) ppntC NMR (100 MHz, CDGJ): # 149.1, 148.4, 142.3, 140.9, 137.5,

128.5, 126.7, 119.1, 111.1, 110.1, 75.6, 56.0, 55.9, 37.7 ppm.

>N
LN [ ! OMe
OMe
OH
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(3,4-dimethoxyphenyl)(4(4-methylpiperazin-1-yl)phenyl)methanol (12c) Yield: 89%. *H
NMR (400 MHz, CDCY): # 7.267.24 (d,J = 8 Hz, 2H), 6.94 (s, 1H), 6.8880 (m, 4H), 5.72 (s,
1H), 3.86(s, 3H), 3.85 (s, 3H), 3.32 (s, 1H), 3:345 (m, 4H), 2.6@2.57 (m, 4H), 2.34 (s, 3H)
ppm. *C NMR (100 MHz, CDGJ): # 150.5, 148.9, 148.2, 137.0, 135.6, 127.5, 118.7, 116.0,
110.8, 109.6, 75.4, 55.9, 55.8, 54.9, 48.7, 45.9 ppm.

N = OMe

Z X OMe

OH
(3,4-Dimethoxyphenyl)(phenyl)methanol (15a).Yield: 48%.'H NMR (400 MHz, CDCJ): #
7.42-7.271 (m, 5H), 6.941 (s, 1H), 68189 (d,J = 8 Hz, 1H), 6.8%.83 (d,J = 8 Hz, 1H), 5.81
(s, 1H), 3.88 (s, 3H), 3.86 (s, 3H), 2.35 (s, 1H) ppiG. NMR (100 MHz, CDGCJ): # 149.1,
148.5,143.9, 136.6, 128.5, 127.5, 126.4, 119.0, 111.0, 109.8, 76.0, 55.2, 55.9 ppm. HRMS (ESI)
m/zcalculated for GH160sNa [(M + Na)] 267.0997, found 267.0993.
MeO OMe
MeOOMe

OH

(3,4-Dimethoxyphenyl)(3,4dimethoxyphenyl)methanol (15b). Yield: 48%. *H NMR (400
MHz, CDCE): #6.95 (s, 1H), 6.95.89 (d,J = 8 Hz, 2H), 6.86.84 (d,J = 8 Hz, 2H), 5.78 (s,
2H), 3.89 (s, 6H), 3.87 (s, 6H), 2.19 (bs, 1H) ppia.NMR (100 MHz, CDG): # 149.0, 148.5,
136.6, 118.9, 110.9, 109.7, 75.8, 55.93, 55.87 ppm. HRMS {&R&Igalculated for &H1905

[(M - H)] 303.1232, found 303.1224.

OMe
OMe

7 N\

OMe
OMe OH
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(2,5-Dimethoxyphenyl)(3,4dimethoxyphenyl)methanol (15c). Yield: 46%. 'H NMR (400
MHz, CDCk): # 7.02 (s, 1H), 6.88.78 (m, 5H), 5.99 (s, 1H), 3.88 (s, 3H), 3.80 (s, 3H), 3.76 (s,
3H), 3.08 §, 1H), ppm**C NMR (100 MHz, CDGJ): # 153.8, 151.0, 148.8, 148.2, 135.7, 133.3,
118.8, 114.1, 112.7, 111.8, 110.8, 110.0, 72.0, 56.0, 55.9, 55.8, 55.7 ppm. HRMS®n(ESI)

calculated for ¢H,00sNa [(M + Na)] 327.1208, found 327.1200.
'e) OMe
OH
(2,3-Dihydrobenzofuran-5-yl)(3,4-dimethoxyphenyl)methanol (15d).Yield: 65%. 'H NMR
(400 MHz, CDC}): # 7.16 (s, 1H), 7.20.08 (d,J = 8.4 Hz, 1H), 6.92 (s, 1H), 6.8886 (d,J =
8.4 Hz, 1H), 6.85.80 (d,J = 8.4 Hz, 1H), 6.7%.71 (d,J = 8.0 Hz, 1H), 5.69 (s, 1H), %5-4.51
(t, J= 8.8 Hz, 2H), 3.86 (s, 3H), 3.84 (s, 3H), 3382 (t,J = 8.8 Hz, 2H), 2.66 (bs, 1H) ppm.
13C NMR (100 MHz, CDGJ): # 159.5, 148.9, 148.2, 137.0, 136.4, 127.3, 126.6, 123.3, 118.6,
110.8, 109.5, 108.9, 75.7, 71.4, 55.9, 55.8, 29.7 ppm. SRHESI) m/z calculated for
C17H1804Na [(M + Na)] 309.1103, found 309.1107.
o]
OH
(2,2-Dimethyl-2H-chromen-6-yl)(phenyl)methanol (18a).Yield: 66%.'H NMR (400 MHz,
CDCly): # 7.2997.28 (m, 5H), 7.11, 7.09 (d,= 8 Hz, 1H), 7.00 (s, 1H), 6.76.74 (d,J = 8 Hz,
1H), 6.316.29 (d,J = 8 Hz, 1H), 5.75 (s, 1H), 5.6861 (d,J = 8 Hz, 1H), 2.40 (s, 1H), 1.45 (s,

6H) ppm.**C NMR (100 MHz, CDGJ): 152.4, 143.9, 136.2, 131.0, 128.4, 127.5, 127.4, 126.6,

126.5, 124.7, 122.3, 121.2, 116.2, 75.8, 73.9, 28.1 ppm.
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O OMe
SOV
OH

(2,2-Dimethyl-2H-chromen-6-yl)(4-methoxyphenyl)methanol (18b). HRMS (ESI) m/z

calculated for @H1403 [(M + H)*] 295.1334, found 295.1327.

POYS
X OMe
OH

(2,2-Dimethyl-2H-chromen-6-yl)(3-methoxyphenyl)methanol (18c). HRMS (ESI) m/z

calculated for GH1903 [(M + H)™] 295.1334, found 295.1334.

o yZ |
N N
OH

(2,2-Dimethyl-2H-chromen-6-yl)(pyridin -3-yl)methanol (18d).

(3,4-dimethoxyphenyl)(2,2dimethyl-2H-chromen-6-yl)methanone (19a)'H NMR (400 MHz,
CDCly): # 7.627.69 (ddJ = 8, 2 Hz, 1H), 7.5Z.51 (d,J = 2 Hz, 1H), 7.477.45 (d,J = 8 Hz,
1H), 7.407.38 (dd,J = 8, 2 Hz, 1H), 7.32.30 (d,J = 8 Hz, 1H), 6.9%6.91 (d,J = 8 Hz, 1H),
6.846.82 (d,J = 8 Hz, 1H), 6.3%.36 (d,J = 8 Hz, 2H), 5.745.68 (d,J = 8 Hz, 1H), 3.98 (s,
3H), 3.96 (s, 3H), 1.50s( 6H) ppm. HRMS (ESI)n/z calculated for GoH2104 [(M + H)']

325.1440, found 325.1449.
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OQ/,O/ ‘ g OMe
OMe
(@]

(9)-(3,4-dimethoxyphenyl)(4(((tetrahydrofuran -3-yl)oxy)methyl)phenyl)methanone (19b)
Yield: 46%.'H NMR (400 MHz, CDCJ): # 7.757.73 (d,J = 8 Hz, 2H), 7.477.43 (m, 3H),
7.387.36 (d,J = 8 Hz, 2H), 6.966.88 (d,J = 8 Hz, 2H), 4.59 (m, 2H), 4.26 (s, 1H), 3.95 (s, 3H),
3.93 (s, 3H), 3.90 (m, 2H), 3.8%83 (m, 2H), 2.02.05 (m, 2H) ppm*C NMR (100 MHz,
CDClg): 195.3, 153.0, 149.0, 142.437.5, 130.2, 130.0, 127.1, 125.5, 112.1, 109.7, 79.5, 72.8,
70.5, 67.1, 56.1, 56.1, 32.6 ppm. HRMS (E8[kcalculated for GH»30s [(M + H)*] 343.1545,
found 343.1555.

OMe

Y
A

Br

\
/

OMe
(0]

(4-(bromomethyl)phenyl)(3,4dimethoxyphenyl)methanone (19c)ield: 99%.*H NMR (400
MHz, CDCh): # 7.747.72 (d,J = 8 Hz, 2H), 7.50 (s, 1H), 7.4D.68 (d,J = 8 Hz, 1H), 7.317.28
(m, 2H), 6.936.91 (d,J = 8 Hz, 1H), 3.99 (s, 3H), 3.97 (s, 3H), 3.08 (s, 2H) pP@.NMR (100
MHz, CDCk): 152.9, 145.7, 130.1, 128.3, 125.4, 116.0,.11209.7, 56.1, 37.4 ppm. MS (ESI)

m/zcalculated for GsH160sBr [(M + H)*] 336.19, found 336.00.
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5 DESIGN AND SYNTHESIS OF NOVEL KCN1 ANALOGS AS ANTI -CANCER

THERAPEUTICS

The work presented itnis chapter is based on a manuscript in preparation for submission
to ChemMedChem. This chapter includes compounds synthesized by Jalisa Hotmesle los

Santos, Bowen Ke*Suazette Mooring, and Krishna Damer&.

5.1 Abstract
In the field of cancer thepgutics, a change needs to be made from cytotoxic agents to
direct, targeted therapy. Herein, we describe the design and synthesis of such agents that

selectively target the HIF pathway.

5.2 Introduction

One of the environments in which cancerous cells thsi\g/poxia, a condition in which
the presence of oxygen is very low or nonexistent. This condition is present in many types of
cancers, as the cells in solid tumor masses will have low oxygen pressure due to minimized
vasculaturé Under these hypoxic conditions, tiypoxia Inducible Factor (HIF) pathway

activates a number of genes that eventually lead to the upregulation of many other biological



10¢€

pathways including cell growth, glycolysis and angiogefe3ise basidoop-helix-loop motif
heterodimeric transcription factor HIFcomplex is comprised of two subunits: HIFand HIF-
1". Normally, in cells where oxygen is present, HIFis oxidized by the enzyme prolyl
hydroxylase (PHD). The dihydroxylated form of HIF! is then bound by the von Hippel
Lindau tumor suppressor protein (VHL), which leads to ubiquitination of-HlI&nd its
subsequent proteosomal degradafidm.contrast, under hypoxic conditions the dihydroxylated
form of HIF-1 is not formed. Instead, HHE binds with HIF-1" to form a heterodimer, which
binds to cactivator p300. At this point, the entire complex acts as a transcription factor of many
genes, such asEGF (vascular endothelial growth factoBPO (eythropoietin) GLUT1(glucose
transporter 1).DH-A (lactate dehydrogenase), aN@S(nitric oxide synthase) by binding to-50
HRE (hypoxic response element) promoter regfolbe expression of this HIE pathway is
asociated with several types of cancer and is also related to low success rates of various
treatment methods

Toward the goal of finding smatholecule inhibitors of the HIF pathway, our
collaborators aEmory University, the Erwin van Meir laboratory, developed an t@&line
phosphatase assay to screen a library of 10,000 compounds frorrdian@iRylbenzopyran
combinatorial library. The HREalkaline phosphatase assay uses LN229 glioblastoma cells
transfected with the alkaline phosphatase reporter and 6 aufpibe HRE (hypoxia response
element) for the VEGF gerfeThis initial screening yielded a fewgmising hits, with the lead
compound identified as KGNl 1 (Figure 51a) having an 1§ of 0.59 uM.® KCN-1 was then
taken to preliminaryn vivo studies, where nude mice were implanted with LNgR@8blastoma
cells on their hind flanks. After 1 week, the mice were either injected with-K@0mg/kg; 5

days/week) or vehicle (DMSO) only. The KE€Nmice had tumors that weregf@d decreased in



107
size compared to the vehicle only mice and some dlthers had disappeared completely. The
KCN-1 mice did not appear to suffer negative side effects from the-K@®atment. It is
important to na¢ that these compounds do not decrease levels el ldHh€d are not cytotoxic, in
contrast to most antiancer therapeutics. With KGN as the original lead compound, our
laboratory began synthesis of a library of analogs. Over 100 compounds were syttiidss&ze
initial library of analogs was screened against a human glioblastoma cell line {ENRE2Quc,
with luciferase replacing alkaline phosphatase. From this initial stNebyclobutytN-((2,2-
dimethyt2H-pyrano[3,2b]pyridin-6-yl)methyl)-3,4-dimethoxylenzenesulfonamide2 (Figure
5.1b), with 1Go 0.28 uM was chosen as the optimized lead for further stidyith such
promising results from theses initiatudies, we pursued further lead optimization and
broadening of the library for hope of in more potent compounds and to further develop our SAR

(structureactivity relationship).

B B
© C OMe Q _~_OMe
N OMe OMe

1 2

Figure 5.1. Lead compourds.

a) Lead compount, b) Lead compoun@

5.3 Results and Discussion

5.3.1 Design
Lead compound& and 2 were divided into 4 parts (FigureX: the lefthand core (A,

red), the Nsubstituent (B, green), the righéind ring (C, blue), and the linker (D, violet).
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Table 5.1. Classes of analogs

Class 1A Class 1B Class 1C
> O O | yen ©
OMe \
Qs | S e | 0T
RinNog OMe O2 = N.g-Rs
4 02
5
Class 1D Class 1E Class 1F
(@) = | 84 37 @[OMe
X N.o-Rs RenN-g OMe
0, 0, Re<N.g-Ro
6
7 O,
8
Class 2A Class 2B Class 2C
O o | PO e §
Qi | LR »
Rlo\/N‘S OMe N 8 OMe . \N N\S/RlZ
0, 2 0,
9 10 11
Class 2D Class 3 Class 4
Tl tn | YL, | GO
SN g N N. _Rys Nog OMe
0, S 0,
0,
12 13 14

Analogs were designed and synthesihaded off of modifications of these 4 parts. In total, 11
classes of analogs, for a total of 50 compounds, devesed as described in Tabld 5Class
1A-1F are KCN analogs: Class 1A has the A ring modified; Class 1B has the B ring modified;
Class 1C hathe C ring modified; Class 1D has a hydrogenatedligh2thylpyranobenzene A

ring, and modifications to both the B and C rings; Class 1E has both the A and B rings modified;
and Class 1F has both the A and C rings modified. Clasal?Are 64b analogs:&ss 2A has A

ring modifications; Class 2B has B ring modifications; Class 2C has C ring modifications; and



10¢

Class 2D has a hydrogenated-digethylpyranopyridine A ring. Class 3 compounds are hybrid
1/2 analogs with the A ring frort, the B ring from2, and modifications to th€ ring. Class 4 is

a new class of aryl sulfonamides with the A and B rings fused together and constrained in a ring.
5.3.2 Chemistry

5.3.2.1 Class 1A analogs

Class 1A analogs were synthesized in two steps (&i§@) from either commercially
available aldehydes or aldehydes readily synthesized from literature procedures (see supporting
information S1)' These aldehyded5 underwent reductive amination with aniline. The
subsequent secondary amiri€svere next reactedith 3,4dimethoxysulfonyl chloride to yield

the sulfonamide final producBa-3m.

15 16 3
Figure 5.2. Synthesis of Class 1A analogs
R; = 6-(2,2dimethylchromaryl) (3a)*, 3-(7-((tetrahydre2H-pyran2-yl)oxy)-2H-chromenyl)
(3b), 6-(7-bromo2,2-dimethyt2H-chromenyl) (30), 6-(2,2,8trimethyl2H-chromenyl) (3d), 6-
(trimethyl2H-chromeneyl) (3¢), 6-(2,2-dimethyt2,7b-dihydro-1aH-oxireno[2,3c]chromenyl)
(3f)*, 4-(benzof][1,3]dioxol-yl), 5-(benzof][1,2,5]oxadazolyl) (3h), 4-
(morpholinomethyl)phenyld), 5(2,3-dihydrobenzofuranyl) 3j), 2-bromophenyl k), 6-(5,7-
difluoro-2,2-dimethyt2H-chromenyl) (3l), 6-(5-fluoro-2,2-dimethyt2H-chromenyl) with 6-(7-

fluoro-2,2-dimethyt2H-chromenyl) (3m). Reagents andonditions: (a) InGl NaBH;, MeOH,
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room temperature, 20 minutes,-28%; (b) KCO;, DCM, room temperature, overnight,-11

84%.*3a and3f were synthesized froh see Schemes 4 and supporting information

5.3.2.2 Class 1B analogs

Class 1B analogs were rdpesizedin two steps (Figure .8) from 2,2dimethyl2H-
chromenes-carbaldehydel 7, which was synthesized from literature procedure (see supporting
information S2)'* 17 underwent reductive amination with various amines to form secondary
amines18, which were next reacted with 3dmethoxysulfonyl chloride to yield the final

products sulfonamideta.

/©:OMG
0 R,—NH, o R, ClO,S OMe
S '
g :1 X NH >
X CHo a b

17 18
(@) OMe
m\/Rz @[
N
X S OMe
O,

4

Figure 5.3. Synthesisof Class 1B analogs
R, = oxetan3-ylmethyl @a). Reagents and conditions: (a) IaCNaBH,, MeOH, room

temperature, 20 minutes, 92%; ()aO;, DCM, room temperature, overnight, 69%

5.3.2.3 Class 1C analogs
Class 1C analogs were rghiesized in two steps (Figuie4) from 2,2dimethyl2H-

chromenes-carbaldehydel7, which underwent reductive amination with aniline to yiéld
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((2,2-dimethyl2H-chromen6-yl)methyl)aniline 19. 19 was next reacted with various sulfonyl

chlorides to yield the final products sulfonamié&assd.

/@ [ j _R (e} [ j
O/\Ej\ HZN ] Clozs 3 m/
e Em— N R
. NH AN -3
A cHo a b 3
17

2
19 5

Figure 5.4. Synthesis of Class 1C analogs
Rs; = 3-methoxyphenyl §a), 4-(trifluoromethoxy)phenyl §b), 4-(carboxymethyl)phenyl 5c),
3,4difluorophenyl 6d), 4-methoxyphenyl %e),. Reagents andonditions: (a) InGl NaBH,,
MeOH, room temperature, 20 minutes, 80%; (bC®s;, DCM, room temperature, overnight, 6

69%

5.3.2.4 Class 1D analogs

Class 1D analogs were sketized in three steps (Figuré&bpbfrom 2,2dimethyl2H-
chromenes-carbaldehydd 7, which underwent reductive amination with various amines to yield
secondary amine20. 20 were next reacted with various sulfonyl chlorides to yield sulfonamides

21, which were then hydrogenated to yield final prodéetéc.
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17 20
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Cc N \S/ R5
O,
6

Figure 5.5. Synthesis of Class 1D analogs
Rs = phenyl, R = 4-methoxyphenyl §a), Ry = oxetan3-ylmethyl, R = 3,4dimethoxyphenyl
(6b), Ry = cyclobutyl, R = 3,4dimethoxyphenyl §c). Reagents and conditions: (a) IaCl
NaBH;, MeOH, room temperature, 20 minutes, 80%; (b)CKs;, DCM, room temperature,

overnight, 6975%; (c) B, MeOH, overnight, 7®9%

5.3.2.5 Class 1E analogs

Class 1E analogs werergfiesized in two steps (Figureshfrom commercially available
aldehyde22. 22 underwent redctive amination with various amines to yield secondary amines
23, which were next reacted with 3¢dmethoxyl sulfonyl chloride to yield the final product

sulfonamide/a.
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/@OMG
-R7 Cl0,S OMe R, OMe

H,N Ry ;
Rs- —_— > R N
CHO a RB\/NH b 6~ \8 OMe
2
22 23 7

Figure 5.6. Synthesis ofClass 1E analogs
Re = Ry = 4(30,4@imethoxybenzenesulfonyl)phenyld). Reagents and conditions: (a) 1gCl
NaBH;, MeOH, room temperature, 20 minutes, 86%; (b ®s;, DCM, room temperature,

overnight, 73%.

5.3.2.6 Class 1F analogs
Class 1F analogs wererglieszed in two steps (Figure® from commercially available
aldehydes?4. 24 underwent reductive amination with aniline to yield secondary anfibes

which were next reacted with various sulfonyl chlorides to yield the final product sulfonamide

@ -Rg
H,N Clo,S

Rg< e R
8~cHo - R NH Rg N

8a

R
b N
O,

24 25 8
Figure5.7. Synthesis of Class 1F analogs
Rs = 5(2,3-dihydrobenzofuraiyl), Rg = 2,4dihydroxyphenyl 8a), Rs = phenyl, B = 4-2*-
bromoacetylphenyl8b). Reagents and conditions: (a) la(NMaBH,, MeOH, room temerature,

20 minutes, 807%; (b) KCO;, DCM, room temperature, overnight,-h8%.
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5.3.2.7 Class 2A analogs

Class 2A analogs werergyesized in two steps (FigureBphfrom commercially available
or previously synthesized aldehyde?6. 26 underwent reductive amination with
cyclobutylamine to yield secondary amin2g which were next reacted with 3¢dmethoxy

sulfonyl chloride to yield the final products sulfonami@em.

CHO RlO\/NH > RlO\/

a b

Rio-

26 27 9
Figure 5.8. Synthesis of Class 2A analogs
Ri0 = 4-methoxyphenyl 9a), phenyl @b), 2-nitrophenyl @c), 2,4dimethoxyphenyl 4d), 1H-
pyrrol-2-yl (9¢), 4-nitrophenyl 0f), 6-(5,7-difluoro-2,2-dimethyt2H-chromenyl) 9g), 4-
(morpholinomethyl)phenyl9h), 5-benzofl][1,3]dioxol-yl (9i), 5-(2,3-dihydrobenzofuranyl),qj)
6-(2,2,8trimethyt2H-chromenyl) (9k), 3-(7-((tetrahydre2H-pyran2-yl)oxy)-2H-chromenyl)
9D, 6-(5,7-difluoro-2,2-dimethyt2H-chromenyl) (9m), 6-(5-fluoro-2,2-dimethyt2H-chromen
yl) with 6-(7-fluoro-2,2-dimethyt2H-chromenyl) (9n) . Reagents and conditions: (a) NaBH
MeOH, room temperature, overnight,-26%; (b) KCO;, DCM, room temperature, overnight,

11-72%.

5.3.2.8 Class 2B analogs
Class 2B analogs were rghesized in two steps (Figure9p from 22-dimethyl2H-
pyrano[3,2b]pyridine-6-carbaldehyd&8, which was synthesized from literature procedure (see

supporting information S2)28 underwent reductive amination with various amines and the
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subsequent secondary ami@snere next reacted with 3gimethoxysulfonyl chloride to yield

KIOMG
O R11 NH, R11 ClO,S OMe
N | = r

the final products sulfonamid®ab.

N
28 29
O yZ R = OMe
| ,'\Ill |
\
NS ST X"oMe
0,
10

Figure 5.9. Synthesis of Class 2B analogs
Ri1 = 2-(3,4dimethoxyphenyl)ethyl 10a), 2-morpholinoethyl {0b).Reagents andonditions:
(a) NaBH,, MeOH, room temperature, overnight, 38%; (kb)CKs;, DCM, room temperature,

overnight, 2935%.

5.3.2.9 Class 2C analogs

Class 2C analogs werergliesized in two steps (FigurelB) from 2,2dimethyl2H-
pyrano[3,2b]pyridine-6-carbaldehyde 28. 28 underwent reductive amination with
cyclobutylamine to yield N-((2,2dimethyl2H-pyrano[3,2b]pyridin-6-
yl)methyl)cyclobutanamin&0, what was next reacted with various sulfonyl chlorides to yield

the final products sulfonamidéddac.
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Figure 5.10. Synthesis of Class 2C analogs
Ri2 = 4-methoxyphenyl 118), 4-(bromomethyl)phenyl I(1b), 4-trifluoromethoxyphenyl 110,
2-methoxyphenyl 11d). Reagents and conditions: (a) NaBHMeOH, room temperature,

overnight; (b) KCO;, DCM, room temperature, overnight,-38%

5.3.2.10Class 2D analogs

Class 2D analogs were shiesized in three steps (Figurel®) from 2,2dimethyl2H-
pyrano[3,2b]pyridine-6-carbaldehyde28. 28 underwent reductive amination with various
amines to yield secondary amin&4, which were next sulfonylated with various sulfonyl
chlorides to yield sulfonamide32. The sulfonamides were then hydrogenated to yield final

productsl2ab.
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Figure 5.11. Synthesis of Class 2D analogs
Ri13 = cyclobutyl, R4 = 3,4dimethoxylphenyl 12a8); R;3 = cyclobutyl, R4 = 4-methoxylphenyl
(12b). Reagents and conditions: (a) Na3tMeOH, room temperature, overnight; (b}GQOs,

DCM, room temperature, overnight,-78%;(c) H,, MeOH, overnight, 8®8%

5.3.2.11Class 3 analogs

Class 3 analogs were synthesized in two s{&pgure 512) from 2,2dimethyl2H-
chromenes-carbaldehydel 8. 18 underwent reductive amination with cyclobutylamine to yield
N-((2,2-dimethyl2H-chromen6-yl)methyl)cyclobutanamine3, which was next reacted with

various sulfonyl chlorides to yield the final products sulfonamid=se.
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Figure 5.12. Synthesis of Class 3A analogs
Ris = 3,4dimethoxyphenyl 13a), 4-bromophenyl 13b), 4-trifluoromethylphenyl 139, 4-(3,5
dimethylisoxazolyl) (13d), 3,4difluorophenyl (36 2-methoxyphenyl 13f). Reagents and
conditions: (a) NaBkl MeOH, room temperature, overnight, 90%, (b)CKs, DCM, room

temperature, overnigh56-77%

5.3.2.12Class 4 analogs
Class 4 analogs wemy/nthesized in 1 step (Figurel8) from commercially available
secondary amine®4, which were reacted with 3dimethoxysulfonyl chloride to yield the final
products sulfonamid&4a
. @ OMe CG/) /@EOMe
C/ NH CIOZS/@OMe N}%z OMe

34 >
a 14

Figure 5.13. Synthesis of Class 4 analogs
Ris = 4-benzylpipirazinyt (148). Reagents and conditions: (agd0Os;, DCM, room temperature,

overnight,
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5.3.3 Biology

38 of the analogs were evaluated for their inhibitory effects on-1Hitediated
transcription under hypoxic conditions on human glioma cells LN2Rg-Lux. Each
compound was tested agai@sas positive controls and igvalues were determined as listed in

tables 210.

5.3.3.1 Class 1A

Class 1A analogs were designed to probe the importance of the features of the phenyl A
ring to the activity ofL. The first part of the A ring examined was the double bond in the pyran
ring. In many cases, double bonds are not preferred in therapeutcséeaxd the possibility of
activation and/or metabolism by CYP proteins in the liver, which can lead to hepataxicity
vivo. In our case, removal of the double bo8d, results in only a small decrease (fokl) in
activity whereas the epoxidation pradu3f, has dramatically (>18ld) less activity. These
observations let us know that our compounds do not likely require epoxidation by the liver for
activity, and that, in fact, the double bond can be removed from the compound to decrease any
hepatotoxtity that may arise in the future. Next, the point of attachment of the chromene ring
was examined by changing it from carbon 6 to carb@®f,8yhich resulted in a-8ld decrease
in activity, confirming attachment at carbon 6 to be important. Next, itwd#ls were
introduced on the phenyl rin@c-3e, which decreased the activity byfdd, which suggests a
somewhat size constrained binding pocket. Finally, various other fused and open ring systems
were synthesize®g-3i, of which, only3i displayed aw activity, which is most likely due to the

solubility effects of the morpholine moiety.



Table 5.2. Class 1A analogs and I6 data
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3
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3h
/N\ >5
O\ —
N
3i
NS !
o ) I
3j
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Br
3l
0 F Not tested
e
F
3m
0 F 0 Not tested
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5.3.3.2 Class 1B
Class 1B analogs were designed to further probe the activity of the B ring and to try to

introduce more polar groups and lower the logP to below 5. Although the afwlogd a
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milogP 3.7 it was not very active, with ansf@alue of 4 uM. This suggestsatthe B ring could
be pointing into a hydrophobic pocket and adding polar moieties in this position is thus
unfavorable.

Table 5.3. Class 1B analogs and I§ data

0 oM
[ N
X S OMe

R>
1Cs0 (LM)

5.3.3.3 Class 1C

Class 1C analogs were designed to probe the activity of the moieties on the C ring. We
probed the activities of this site by removing theréhoxy to givesa, which resulted in a small
1.7-fold decrease in activity. We also removed theng@hoxy to givese, (which was previously
tested and described in our earlier wtkyhich resulted in a very small ifald decrease in
activity. We next substituted the-#@@nomethoxy for a 4ifluoromethoxy moiety5b, which
resulted in a loss of activity. Thus, the-mi€thoxy moiety seems to be important for the
biological activityand could possibly play a role in hydrogen bonding. We also made-the 40

methylcarboxylic acid derivativec and the 30 4ffluoropheny! derivativésd, but both had 16
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values greater than 5 pM, respectively. Thus, the methoxy substituent in the 40 pesitis to
be needed for best activity while therB€thoxy is not as important.

Table 5.4. Class 1C analogs and 1§, data

1Cs0 (LM)

5a
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OMe
5b OCF4
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F
:, F
5e \(©/OMG

5.3.3.4 Class 1D
Class 1D analogs were designed to further probe the requirement of the double bond in

the A ring. All class 1D analogs contain the hydrogenated chromene in the A ring position that
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was originally reported in compourgh. Compounds3a, 6a, 6ball demonstrad decreased
activity in comparison to their nemydrogenated counterparts. However, hyl§igl was more
potent than its nehydrogenated counterpda (discussed below).

Table 5.5. Class 1D analogs and 1§, data
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X OMe
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ﬁ _ | OMe 0.39
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5.3.3.5 Class 1E & 1F
Class 1E and 1F analogs did not display any activity. It seems that too many changes to

the structure at once are deleterious and should be avoided.



Table 5.6. Class 1E analogs and I§; data
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5.3.3.6 Class 2A

Class 2A analogs were designed to probe the importance of the features of the phenyl A
ring to the activity oR. The first strategy was to remove the fused ring feature altogether and see
whether a simple phenyl ring with various substituentslevbave activity. Unfortunately, only
one such compoun®a, with a 4methoxyphenyl A ring had any activity, and this activity was
diminished by almost bld from 2. 9b-g all had activities greater than 5 pM. This
demonstrates the importance of the fusaed system to the activity. Next, a phenyl rings with a
cyclic morpholine moiety in the -gosition was synthesizedh, with the design of the
substituent filling the space occupied by the fused @mgdid show moderate activity, 1 pa.
This compound aatains a morpholine ring, which can increase the solubility of the compound. It
is highly possible that increased solubility is responsible for the activity of this compound. Next,
other fused ring systems were tri€dj. Both of these compounds showeddarate activity, but

decreased by 2-ld to 6.6fold with respect t@.

5.3.3.7 Class 2B
Class 2B analogs were designed to further probe the importance of the B ring to the
activity of 2. Many such compounds had been made in our previous work, but the new

compundl0ademonstrated no activity.
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Table 5.9. Class 2B analogs and I¢; data
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5.3.3.8 Class 2C

Class 2C analogs were designed to further probe the importance of the C ring to the
activity of 2. None of the compoundklac showed improved activity ove?, with the best
compoundllahaving activity of 1.8uc. It is interesting to notenoreover, thal3a, with the 30
methoxy removed lost potency by 4ald, whereas the similar analog lalid not lose activity.

This suggests thdtand2 may bind to different sites or in different poses.
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Table 5.10. Class 2C analogs and IG, data
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5.3.3.9 Class 2D

Class 2D analogs were designed to further probe the requirement of the double bond in
the A ring. All class 2D analogs contain the hydrogenated chromene in the A ring position. It is
interesting thafl2a the hydrogenated form @ demonstrated sligly better activity at 0.25 puM
compared to 0.29 M, which is a 1.ffold increase in potency, as well d2b, which

demonstrated slightly better activity at 1.2 p than its-Imgarogenated counterpdkia at 1.8
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MM, which is a 1.5old increase in activity anchakesllathe most potent compound described
in this paper. Both of these compounds demonstrate that the double bond in the A ring is not

required for potency, and may be eliminated with no loss of activity &oalogs.

Table 5.11. Class 2D analogs and I¢; data
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12b
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5.3.3.10Class 3

Class 3 analogs are hybd® compounds, with the A ring frothand the B ring fron2.
This combination seems to be acceptable, Wgh, 13b,and 13e demonstrating activity, with
16abeing the best at 0.75Vu However, the hydrogenated counterpari®a 6¢, demonstrated
activity at 0.39uM, which is almost a-2old increase. This makes compouseithe second best

overall compound syhesized herein.
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Table 5.12. Class 3A analogs and 16 data
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13c
\(©/OCF3 >5
13d
>5
13e
: :F 4.6
F
13f
Not tested
OMe
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5.3.3.11Class 4

Class 4 analogs are a new class of aryl sulfonamiitesthe A and B rings constrained
together into various ring structures. The design was to add more heteroatoms and possible have
a new backbone that could easily begin a new class of compounds. Unfortunately, this type of
compound was not active and fuother synthesis was pursued.

Table 5.13. Class 4 analogs and I§ data

(R/@ oW

N

7 X"0Me
O,

14

Rie
1Cs0 (LM)

oy |

18f

5.4 Conclusion

In conclusion, 50 analogs were synthesized, bringing the total number of analogs
synthesized byhis lab to oveR00. As illustrated in Figure.®4, a structuractivity relationship
(SAR) was developed. For the A ring, the-8ithethyl chromene with either a N or C in the 5
position is important to the activity. Open ring structures are not wkdtated, with the
exception of some-position moderately polar substituents. The double bond is not crucial for
activity of compounds and can be eliminated with the result of better or only slightly decreased
activity. For the B ring, only hydrophobic gnps, such as aromatics or small aliphatic rings or

chains are acceptable. Introduction of polar moieties in this position dramatically decreases the
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activity. For the C ring, 30;ditnethoxy is still the best, with the -A@thoxy more crucial to
activity than the 3@ethoxy. As for the D linker, aryl sulfonamides are still the best and
combining the A and B rings was not successful.

The overall best compound wh2a, with activity of 0.25uM. This is slightly better than
the previous best compour®] which had activity of 0.28.M. After comparison of over 200
compounds, it appears that small structural modifications are not yielding orders of magnitude
increased potency. In the future, other avenues will be pursued, such as dramatically changing
the aryl slfonamide backbone or adding wassluble moieties to increase desired

pharmacokinetic properties.

Figure 5.14. SAR of analogs

5.5 Experimental
Typical procedure for reductive amination with cyclobutyl amihequivalent of aldehyde was
dissolved in anhydrous MeOH undes.N..05 equivalents of cyclobutyl amine were added and

the reaction stirred overnight at room temperature. 1.6 equivalents of;NaBéladded and the
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reaction stirred for 1 hour. The reactiwas quenched with saturated JIH taken up in ethyl
acetate, washed with brine, dried over MgS€ncentrated, and taken directly to the next step

without further purification.

Typical procedure for reductive amination with anilideequivalent of ldehyde, 1.5 equivalents

of NaBH,, and 0.15 equivalents of InClvere dissolved in anhydrous ACN undes. N1.5
equivalents of aniline were added and the reaction stirred until completion by TLC (typically ~20
minutes). The reaction was quenched with rsaa NHCI, taken up in ethyl acetate, washed

with brine, dried over MgS& and concentrated. Purified by column chromatography.

Typical procedure for sulfonylatiod equivalent of amine was dissolved in DCM. 2 equivalents
of K2CO3 were added. 2 egalents of sulfonylchloride were added. The reaction was stirred
overnight at room temperature, then washed with brine, dried over M@®0@ concentrated.

Purified by column chromatography.

Typical procedure for hydrogenatioh:equivalent of alkene,01mol% Pd/C was dissolved in
anhydrous MeOH. The reaction vessel was flushed 3 and then stirred overnight at room
temperature. The reaction mixture was filtered through celite, concentrated, and purified by

column chromatography.

(@) © OMe
LT X
S OMe
0O,



13€

N-((2,2-Dimethylchroman-6-yl)methyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide  (3a)
Yield: 72%."H NMR (400 MHz, CDCJ): # 7.367.34 (d,J = 8 Hz, 1H), 7.23 (m, 3H), 7.62.93

(m, 5H), 6.896.87 (d,J = 8 Hz, 1H), 6.66.60 (d,J = 8 Hz, 1H), 4.63 (s, 2H), 3.97 (s, 3H), 3.77

(s, 3H), 2.702.67 (t,J = 6 Hz, 2H), 1.771.74 (t,J = 6 Hz, 1H), 1.30 (s, 6H) ppmtC NMR (100

MHz, CDChk): # 153.5, 152.5, 148.7, 129.8, 129.3, 129.2, 128.8, 127.7, 127.6, 126.9, 122.2,
121.4, 120.8, 117,0110.4, 110.4, 74.22, 56.2, 56.1, 54.3, 32.7, 26.8, 22.3 ppm. HRMS (ESI)

calculated for GsH2gNOsSNa [(M + Naj] 490.1664, found 490.1666. HPLC ret time 17.550

min, 100%.
QKIO“
N
57 X"0oMe
0 02
™

N-((2,2-Dimethyl-2H-chromen-8-yl)methyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide

(3b) Yield: 84%.H NMR (400 MHz, CDCJ): # 7.377.34 (dd,J = 8, 2Hz, 1H), 7.24.20 (m,

4H), 7.087.06 (d,J = 8 Hz, 1H), 6.98.98 (d,J = 2 Hz, 1H), 6.9%.93 (d,J = 8 Hz, 1H), 6.82

6.80 (M, 1H), 6.76.24 (m, 1H), 6.246.22 (d,J = 10 Hz, 1H), 5.5%6.51 (d,J = 10 Hz, 1H), 3.99

(s. 3H), 3.76 (s, 3H), 1.25 (s, 6H) ppMC NMR (100 MHz, CDG)): # 152.4, 150.6, 148.7,

139.6, 130.5, 130.5, 129.9, 128.9, 128.6, 127.6, 125.7, 123.2, 122.2, 121.4, 120.9, 120.2, 110.4,
110.4, 76.3, 56.2, 56.1, 47.9, 27.8 ppiRMS m/z(ESI) calculated for §H-gN204S [(M + H)']

417.1848, found 417.1848

o Br
X
N
2
OMe

OMe



N-((7-Bromo-2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-dimethoxy-N-

phenylbenzenesulfonamide (3cYield: 81%.*H NMR (400 MHz, CDCY): # 7.347.32 (dd,J =

8 Hz, 2 Hz, 1H), 7.32.24 (m, 3H), 7.14 (s, 1H), 7.8.93 (m, 4H), 6.84 (s, 1H), 6.8.19 (d,J

= 8 Hz, 1H), 5.6%.61 (d,J = 8 Hz, 1H), 4.58 (s, 2H), 3.97 (s, 3H), 3.77 (s, 3H), 1.44 (s, 6H)
ppm. *C NMR (100 MHz, CDGJ): # 152.6, 149.2, 148.8, 189 132.3, 131.7, 130.2, 129.3,
129.0, 128.9, 128.0, 125.5, 122.5, 121.8, 121.4, 110.4, 110.4, 110.1, 76.7, 56.2, 53.7, 28.0 ppm.
HRMS m/z(ESI) calculated for &H,7BrNOsS [(M + H)'] 544.0793, found 544.0790. HPLC ret

time 25.347 min, 97%.

X { X
X S OMe
0,

3,4-Dimethoxy-N-phenyl-N-((2,2,8trimethyl -2H-chromen-6-yl)methyl)benzenesulfonamide
(3d) Yield: 18% over 2 stepsH NMR (400 MHz, CDCY): # 7.367.33 (dd,J = 8, 2 Hz, 1H),
7.237.22 (m, 2H), 7.06.97 (m, 4H), 6.96.92 (d,J = 8 Hz, 1H), 6.81 (s, 1H), 6.68 (s, 1H)
6.21-6.19 (d,J = 8 Hz, 1H), 5.566.54 (d,J = 8 Hz, 1H), 4.59 (s, 2H), 3.97 (s, 3H), 3.77 (s, 3H),
2.08 (s, 3H), 1.38 (s, 6H) ppm’C NMR (100 MHz, CDGJ): # 152.5, 150.4, 148.7, 139.2,
130.7, 130.5, 129.2, 128.8, 127.7, 127.3, 125.4, 124.2, 122.%8, 12D.5, 118.5, 110.4, 110.3,
76.0, 56.2, 56.1, 54.3, 28.0, 15.4 ppm. HRM& (ESI) calculated for &H,JNOsSNa [(M +

Na)'] 502.1664, found 502.1657.
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3,4-Dimethoxy-N-phenyl-N-((2,2,5trimethyl -2H-chromen-6-yl)methyl)benzenesulfonamide

and 3,4-Dimethoxy-N-phenyl-N-((2,2, #trimethyl -2H-chromen-6-
yl)methyl)benzenesulfonamide (2:1) (3eYield: 81%.'H NMR (400 MHz, CDCY): # 7.37

7.34 (dd,J = 8, 2 Hz, 3H), 7.20.18 (m, 9H), 6.9%.91 (m, 12 H), 6.69 (s, 1H), 6.66 (s, 2H),
6.566.54 (d,J = 8 Hz, 2H), 6.49 (s, 1H), 6.46.38 (d,J = 8 Hz, 2H), 6.15.13 (d,J = 8 Hz,

1H), 5.655.63 (d,J = 8 Hz, 2H), 5.566.47 (d,J = 10 Hz, 1H), 4.67 (s, 4H), 4.64 (s, 2H), 3.98 (s,

9H), 3.78 (s, 9H), 2.35 (s, 6H), 2.24 (s, 3H), 1.36 (s, 18H) PENNMR (100MHz, CDCk): #
152.7,152.5, 148.7, 138.9, 138.7, 138.5, 133.6, 131.4, 130.7, 130.0, 129.8, 129.2, 129.1, 128.7,
128.6, 127.8, 125.5, 121.9, 121.6, 121.5, 120.2, 119.5, 118.7, 118.0, 113.7, 110.6, 110.6, 110.4,
75.0, 56.2, 56.1, 52.9, 52.0, 28.0, 27.6, 192.1 ppm. HRMSm/z (ESI) calculated for

C27H20NOsSNa [(M + Naj] 502.1664, found 502.1657. HPLC ret time 20.921 min, 100%.

(@] © : :OMe
N‘S OMe
(0] 0,

N-((2,2-Dimethyl-2,7b-dihydro-1aH-oxireno[2,3-c|chromen-6-yl)methyl)-3,4-dimethoxy-N-
phenylbenzenesulfonamide (3f86.5 mg KCN1 was dissolved in 2 mL DCM and cooled to

0°C. 60 mg MCPBA was added. Reaction stirred 21 hours at room temperature. Washed 2 x 1
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M NaOH. Concentrated. Purified by column chromatography, 40:1 DCM/methanol, to yield

119 mg of offwhite semisolid.

e © OMe
<O:©\/N\S/<):0Me
O,
N-(Benzo[][1,3]dioxol-5-yImethyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3gYield:
55%.'H NMR (CDCk): # 7.367.34 (ddJ = 8, 2 Hz, 1H, 7.277.24 (m, 3H), 7.0%5.93 (m, 4H),
6.81 (s, 1H), 6.6%.60 (m, 2H), 5.91 (s, 2H), 4.63 (s, 2H), 3.98 (s, 3H), 3.78 (s, 3H) Biam.
NMR (100 MHz, CDCJ): # 152.5, 148.9, 147.1, 139.1, 130.3, 129.8, 129.6, 129.1, 128.8, 127.9,

122.0, 121.5, 110.4, 168 107.9, 101.0, 56.2, 56.1, 54.5 ppm. HRM& (ESI) calculated for

C2:H21NOsSNa [(M + Naj] 450.0987, found 450.0991. HPLC ret time 8.047 min, 98%.

/N\ © OMe
PTTLX
N S OMe
O,

N-(Benzo[][1,2,5]oxadiazol5-ylmethyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3h)
Yield: 84%.'H NMR (400 MHz, CDCJ): # 7.827.80 (d,J = 8 Hz, 1H), 7.627.60 (d,J = 8 Hz,

1H), 7.51 (s, 1H), 7.39.36 (dd,J = 8, 2 Hz, 1H), 7.26.26 (d,J = 2 Hz, 2H), 7.077.05 (m,

2H), 6.996.96 (m, 2H), 4.80 (s, 2H), 4.00 (s, 3H), 3.77 (s, 3H) pp@.NMR (400 MHz

CDClg): # 153.0, 149.0, 148.7, 140.3, 138.6, 132.3, 129.6, 129.2, 128.7, 128.3, 121.5, 116.8,
114.9, 110.6, 110.5, 56.2, 56.1, 54.5 ppm. HRWIB(ESI) calculated for §H»oNs0sS [(M +

H)"] 426.1124, found 426.1104. HPLC ret time 27.317 min, 100%.
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3,4-Dimethoxy-N-(4-(morpholinomethyl)benzyl)-N-phenylbenzenesulfonamide (3i) Yield:

11%.*H NMR (400 MHz, CDCJ): # 7.377.35 (d,J = 8Hz, 1H), 7.35 (s, 1H), 7.22.20 (m, 6H),
7.047.02 (M, 2H), 6.9%.94 (m, 2H), 4.72 (s, 1H), 3.98 (s, 3H), 3.77 (s,,34J063.69 (M, 4H),

3.44 (s, 2H), 2.40 (m, 4H}°C NMR (100 MHz, CDGJ): # 152.6, 148.7, 139.2, 135.0, 130.2,
129.2, 129.0, 128.8, 128.4, 127.8, 127.5, 121.4, 110.4, 110.4, 66.9, 63.0, 56.2, 56.01, 54.4, 53.5.

HRMS (ESI)m/zcalculated for GsH3:N2OsS [(M + H)] 483.1954 found483.1956.

0 © OMe

LT X

S OMe

O,
N-((2,3-dihydrobenzofuran-5-yl)methyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide  (3j)
Yield: 27%.*H NMR (400 MHz, CDCJ): # 7.357.28 (dd,J = 8, 2 Hz, 1H), 7.25.23 (m, 3H),
7.15 (s, 1H), 7.05.94 (m, 4H), 6.8%.86 (dd,J = 8, 2 Hz, 1H), 6.65.59 (d,J = 8 Hz, 1H),
4.65 (s, 2H), 4.58.53 (t,J = 4 Hz, 2H), 3.98 (s, 3H), 3.78 (s, 3H), 3322 (t,J = 8 Hz, 2H)
ppm. °C NMR (100 MHz, CD@): # 159.7, 152.5, 148.8 139.2, 130.6, 129.2, 128.8 128.6,
128.0, 127.8, 127.2, 125.4, 121.4, 110.5, 110.4, 108.8, 71.3, 56.2, 56.1, 54.5, 29.6 ppm. HRMS

m/z(ESI) calculated for &H2sNOsSNa [(M + Naj] 448.1195, found 448.1198.

© OMe
I
S OMe
Br 7.
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N-(2-bromobenzyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3k)ield: 55%.'H NMR
(400 MHz, CDC}): # 7.637.61 (d,J = 8 Hz, 1H), 7.447.42 (d,J = 8 Hz, 1H), 7.377.35 (d,J =
8 Hz, 1H), 7.287.24 (m, 3H), 7.13.11 (d,J = 8 Hz, 2H), 7.09%.98 (m, 2H), 6.9%.95 (d,J= 8
Hz, 2H), 4.88 (s, 2H), 3.98 (s, 3H), 3.77 (s, 3H) ppi@. NMR (100 MHz, CDGJ): #152.7,
148.8, 139.4, 135.4, 132.6, 130.3, 129.7, 129.0, 128.9, 128.8, 127.9, 127.5, 123.1, 121.6, 110.4,

56.2, 56.1, 54.1 ppm.

0
oL
N
X “S0,

OMe
OMe

N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3,4-dimethoxy-N-(oxetan3-
ylmethyl)benzenesulfonamide (4aYield: 69%.'H NMR (400 MHz, CDCJ): # 7.707.68 (d,J

= 8 Hz, 1H), 7.51 (s, 1H), 7.41 (s, 1H), =247 (m, 1H), 7.08 (s, 1H), 6.9694 (d,J = 8 Hz,

1H), 6.516.48 (d,J = 8 Hz, 1H), 5.88.86 (d,J = 8 Hz, 1H), 4.724.67 (m, 2H), 4.44..35 (m,

2H), 4.38 (s, 2H), 4.20 (s, 3H), 4.17 (s, 3H), 3381 (d,J = 8 Hz, 2H), 3.323.22 (quintet,] =

7.2 Hz, 1H), 1.66 (s, 6H) ppnt°*C NMR (100 MHz, CDGJ): # 153.0, 152.9, 149.5, 131.7,
131.2,128.9, 128.626.2, 122.1, 121.8, 121.8, 121.3, 116.7, 111.0, 110.0, 76.7, 75.3, 75.3, 56.5,
56.5, 53.0, 51.8, 34.8, 28.2 ppm. HRMSz (ESI) calculated for GH3NOeS [(M + H)']

460.1794, found 460.1801.

ook

(L

X °S OMe
0,
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N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3-methoxy-N-phenylberzenesulfonamide  (5a)

Yield: 13%.'H NMR (400 MHz, CDGJ): # 7.437.39 (m, 2H), 7.35.24 (m, 3H), 7.23.23 (m,

2H), 7.147.11 (m, 2H), 7.066.98 (m, 2H), 6.9%6.88 (d,J = 8 Hz, 2H), 6.626.60 (d,J = 8 Hz,

1H), 6.256.23 (d,J = 8 Hz, 1H), 5.5%.57 (d,J = 8 Hz, 1H), 4.64 (s, 2H), 3.77 (s, 3H), 1.42 (s,

6H) ppm.**C NMR (100 MHz, CDGJ): # 159.7, 139.9, 138.9, 132.3, 130.9, 129.9, 129.4, 129.1,
128.8, 128.0, 127.9, 126.7, 122.1, 121.1, 119.8, 119.4, 116.1, 112.1, 76.3, 55.6, 54.5, 28.0 ppm.

HRMS m/z(ESI) calculated for gsH.sNOsSNa [(M + NaJ] 458.1402, found 458.1409.

(7
X °S
0O,

N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-N-phenyl-4-

(trifluoromethoxy)benzenesulfonamide (5b)Yield: 19%.*H NMR (400 MHz, CDCJ): # 8.14

8.12 (d,J = 8 Hz, 1H), 7.72.70 (d,J = 8 Hz, 2H), 7.477.45 (d,J = 8 Hz, 1H), 7.337.24 (m,

5H), 6.986.97 (d,J = 4 Hz, 2H), 6.966.87 (m, 2H), 6.6%5.61(d,J = 8 Hz, 1H), 6.245.22 (d,J

= 8 Hz, 1H), 5.666.58 (d,J = 8 Hz, 1H), 4.62 (s, 2H), 1.40 (s, 6H) ppiiC NMR (100 MHz,
CDClg): # 152.0, 151.0, 138.6, 137.3, 131.0, 129.8, 129.5, 129.4, 129.1, 129.0, 128.1, 127.7,
126.7, 122.0, 121.2, 121.1, 120.6, 116.1, 76.32, 54.6, 28.0 ppm. HRMESI) calculated for

CasH22NOsSFNa [(M + Na)] 512.1119, found 512.1106.

COOH
m
N/(]
X S

2-(4-(N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-N-phenylsulfamoyl)phenyl)acetic acid

(5¢) Yield: 6%.*H NMR (400 MHz, CDCJ): # 7.68 (m, 2H), 7.18 (m, 3H), 6.%176 (m, 7H),
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6.366.33 (d,J = 10 Hz, 1H), 5.746.72 (d,J = 10 Hz, 1H), 4.78 (s, 2H), 3.28 (s, 2H), 1.34 (s,
6H) ppm. 1°C NMR (100 MHz, CDGJ): # 194.6, 181.2, 171.2, 148.6, 147.8, 141.6, 141.6, 140.5,
137.3, 135.5, 129.6, 129.1, 128.5, 126.5, 123.5, 123.5, 123.4, 77.4, 54.2, 40.6, 29.6 ppin. MS

found for GeH25NOsS [(M+H)+] 465.2.

fxﬁ;@i

N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-difluoro -N-phenylbenzenesulfonamide (5d)

H NMR (400 MHz, CDCJ): # 7.297.26 (m, 4H), 6.9%.96 (dd,J = 8, 2 Hz, 1H), 6.9®.87 (d,
J=8Hz, 2H), 6.6%.61 (d,J = 8 Hz, 1H), 6.25.23 (d,J = 10 Hz, 1H), 5.6%5.58 (d,J = 10 Hz,

1H), 4.65 (s, 2H), 1.41 (s, 6H) ppMC NMR (100 MHz, CDGJ): # 152.6, 138.4, 131.0, 129.4,
129.1, 129.1, 128.3, 127.5, 126.7, 122.0, 121.2, 118.0, 117.8, 116.2, 76.4, 54.7, 28.0 ppm.

HRMS m/z(ESI) calculated for &H,:NOsSFNa [(M + Na)] 464.1108, bund 464.1097.

( 7
X °S
0O,

N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-4-methoxy-N-phenylbenzenesulfonamide  (5e)
Yield: 75%."H NMR (400 MHz, CDGJ): # 7.767.74 (d,J = 8 Hz, 2H), 7.597.57 (d,J = 8 Hz,

2H), 7.20 (m, 3H), 6.98.87 (m, 3H), 6.68.58 (d,J = 8 Hz, 1H, 6.246.21 (d,J = 10 Hz, 1H),
5.585.56 (d,J = 10 Hz, 1H), 14.61 (s, 2H), 3.87 (s, 3H), 3.86 (s, 3H), 3.23 (s, 3H), 1.38 (s, 6H)
ppm. *C NMR (100 MHz, CDGJ): # 162.9, 152.4, 139.1, 130.5, 129.8, 129.1, 128.8, 128.1,

127.8, 126.6, 122.1, 121.1, 116104.1, 114.0, 76.24, 55.6, 55.6, 54.3, 42.0, 28.0, ppm.
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N-((2,2-dimethylchroman-6-yl)methyl)-4-methoxy-N-phenylbenzenesulfonamide (6aYield:
88%.H NMR (400 MHz, CDCJ): # 7.607.58 (d,J = 8 Hz, 2H), 7.267.26 (m, 3H), 7.056.94

(m, 4H), 6.876.85 (d,J = 8 Hz, 1H), 6.636.59 (d,J = 8 Hz, 1H), 4.63 (s, 2H), 3.90 (s, 3H),
2.71:2.67 (t,J = 8 Hz, 2H), 1.771.74 (t,J = 8 Hz), 1.30 (s, 6H) ppn’C NMR (100 MHz,
CDCly): # 162.8, 162.6, 153, 139.3, 130.6, 129.8, 129.1, 129.1, 128.8, 127.7, 127.6, 126.9,
120.7, 116.9, 114.1, 113.9, 74.2, 55.6, 55.6, 54.4, 41.9, 32.7, 26.8 ppm. HRMESI)

calculated for gH,/NOsSNa [(M + Naj] 460.1559, found 460.1537. HPLC ret time 24.296

min, 96%.
(0]
200N
N\
SO,
OMe
OMe

N-((2,2-dimethylchroman-6-yl)methyl)-3,4-dimethoxy-N-(oxetan3-
ylmethyl)benzenesulfonamide (6bYield: 70%.'H NMR (400 MHz, CDCY): # 7.577.45 (d,J

= 8 Hz, 1H), 7.177.15 (d,J = 8 Hz, 1H), 6.9%.97 (d,J = 8 Hz, 1H), 6.93%.92 (m, 2H), 6.74
6.72 (d,J = 8 Hz, 1H), 4.504.42 (m, 1H), 4.24.14 (m, 3H), 3.98 (s, 3H), 3.94 (s, 3H), 3.41
3.98 (d,J = 8 Hz, 1H), 3.08.05 (m, 1H), 2.78.72 (t,J = 8 Hz, 1H), 1.83L.79 (m, 2H), 1,34 (s,

6H). *C NMR (100 MHz, CDGJ): # 153.9, 152.6, 149.2, 131.1, 129.2, 12721.3, 121.1,
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119.4, 117.4, 110.7, 109.8, 75.2, 74.4, 56.2, 52.8, 51.4, 34.6, 32.6, 26.8, 22.4 ppmnARMS

(ESI) calculated for &H3NOgS [(M + H)'] 462.1950, found 462.1959.

AKO <? OMe

D\/N\SZ@OMe
N-Cyclobutyl-N-((2,2-dimethylchroman-6-yl)methyl)-3,4-dimethoxybenzenesulfonamide
(6¢) Yield: 99%.'H NMR (400 MHz, CDC)): # 7.437.41 (d,J = 8 Hz, 1H), 7.23 (s, 1H), 7.06
(s, 1H), 7.057.02 (d,J = 8 Hz, 1H), 6.94.92 (d,J = 8 Hz, 1H), 6.7%.71 (d,J = 8 Hz, 1H),
431 (s, 2H), 4.27.19 (quintet] = 7.2 Hz, 1H), 3.96 (s, 3H), 3.90 (s, 3H), 2204 (t,J = 8
Hz, 2H), 2.061.96 (m, 4H), 1.82.78 (t,J = 8 Hz, 2H), 1.58..50 (m, 2H), 1.34 (s, 6H) ppm.
13C NMR (100 MHz, CDGJ): # 153.2, 148.9, 132.3, 129.3, 128.46.82 120.9, 117.0, 110.5,

109.8, 74.2, 56.2, 56.1, 52.9, 48.1, 32.8, 29.3, 26.9, 22.5, 15.1 ppm. HRNESI) calculated

for Co4H3:NOsSNa [(M + NaJ] 468.1821, found 468.1810.

4

Q ©:0M6
0, Neg OMe
Meo:<)/s\O 2
MeO
4-(N-Benzyt3,4-dimethoxyphenylsulfonamido)phenyl 3,4dimethoxybenzenesulfoate (7a)
Yield: 73%."H NMR (400 MHz, CDCJ): # 7.28 (s, 2H), 7.22.17 (m, 6H), 6.9%.93 (m, 4H),
6.87-6.85 (m, 3H), 4.68 (s, 2H), 3.98 (s, 3H), 3.97 (s, 3H), 3.81 (s, 3H), 3.80 (s, 3HY@pm.
NMR (CDCk): # 153.9, 152.8, 149.1, 148.9, 148.7, 137.9,.3,3530.1, 129.7, 128.5, 128.4,

127.7, 126.3, 122.8, 121.5, 110.5, 110.4, 110.4, 110.3, 56.3, 56.2, 56.2, 54.6 ppm.ndRMS

(ESI) calculated for gH30NOsS; [(M + H)*] 600.1362, found 600.1365.
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N-((2,3-Dihydrobenzofuran-5-yl)methyl)-2,4-dimethoxy-N-phenylbenzenesulfonamide (8a)

Yield: 58%.'H NMR (400 MHz, CDCJ): # 7.677.65 (d,J = 8 Hz, 1H), 7.247.14 (m, 4H),
7.047.02 (d,J = 8 Hz, 2H), 6.88%.86 (d,J = 8 Hz, 1H), 6.65.60 (d,J = 8 Hz, 1H), 6.43 (s,

1H), 6.436.41 (dd,J = 8, 2 Hz, 1H), 4.88s, 2H), 4.564.52 (t,J = 8 Hz, 2H), 3.93 (s, 3H), 3.86

(s, 3H), 3.183.14 (t,J = 8 Hz, 2H) ppm™*C NMR (100 MHz, CDG)): # 164.7, 159.5, 158.2,

139.3, 133.6, 129.4, 128.9, 128.7, 128.4, 127.3, 127.2, 125.3, 120.1, 108.6, 99.3, 71.3, 56.0, 55.7,
55.7,29.6 ppm. HRMSm/z (ESI) calculated for &H23NOsSNa [(M + NaJ] 448.1195, found

448.1180.

oo

4-(N-benzykN-phenylsulfamoyl)phenyl 2bromoacetate (8b) Yield: 14%. *H NMR (400
MHz, CDCk): # 7.417.07 (m, 14H), 4.92 (s, 2H), 3.70 (s, 2H) ppifC NMR (100 MHz,
CDCl): # 141.1, 136.5, 129.8, 128.9, 128.8, 128.5, 128.2, 127.7, 53.8, 27.Mgm/z (ESI)

calculated for GH1gNO4SBr [(M + H)] 459.0, found 460.0.

Meo\©5> QOME
N Nos S Some

O,
N-Cyclobutyl-3,4-dimethoxy-N-(4-methoxybenzyl)benzenesulfonamide (9a) Yield: 47%

over 2 steps'tH NMR (400 MHz, CDCJ): # 7.437.42 (d,J = 4Hz, 1H), 7.417.40 (d,J = 4 Hz,

2H), 7.28 (s, 1H), 6.96.92 (d,J = 8 Hz, 1H), 6.876.85 (d,J = 8 Hz, 2H), 4.34 (s, 2H), 4.27
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4.18 (quintet] = 7.2 Hz, 1H), 3.95 (s, 3H), 3.90 (s, 3H), 3.81 (s, 3H),-2.06 (m, 4H), 1.56
1.49 (m, 2H) ppm*C NMR (100 MHz, CDGJ): # 158.8, 152.3, 149.0, 132.1, 130.6, 128.5,

120.9, 113.8, 110.5, 109.7, 56.2, 56.2, 55.3, 48.0, 29.3, 15.1 ppm. HRMESI) calculated

for CooH2sNOsSNa [(M + Naj] 414.1351, found 414.1355. HE ret time 9.539 min, 96%.

Q? QOMG

N

= S OMe
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N-BenzyFN-cyclobutyl-3,4-dimethoxybenzenesulfonamide (9bYield: 17% over 2 stepsH
NMR (400 MHz, CDCJ): # 7.456.96 (m, 7H), 6.96.94 (d,J = 8 Hz, 1H), 4.42 (s, 2H), 4.28
4.26 (quintetJ = 7.2 Hz, 1H), 3.97 (s, 3H), AL (s, 3H), 2.0aL.96 (m, 4H), 1.54..53 (m, 2H)
ppm. *C NMR (100 MHz, CDGJ): # 152.4, 149.0, 138.7, 132.1, 128.5, 127.2, 127.1, 120.9,
110.6, 109.7, 56.2, 56.2, 52.9, 48.4, 29.3, 15.1 ppm. HRWZEESI) calculated for GH2NO.S

[(M + H)"] 362.1426found 362.1426. HPLC ret time 8.673 min, 100%.

<> OMe
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©\/ S OMe
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N-Cyclobutyl-3,4-dimethoxy-N-(2-nitrobenzyl)benzenesulfonamide (9c)Yield: 42% over 2
steps.*H NMR (400 MHz, CDCYJ): # 8.128.10 (d,J = 8 Hz, 1H), 7.977.95 (d,J = 8 Hz, 1H),
7.737.69 (t,J = 8 Hz, 1H),7.487.45 (dd,J = 8, 2 Hz, 2H) 7.3¢/.30 (d,J = 2 Hz, 1H), 6.99

6.97 (d,J = 8 Hz, 1H), 4.79 (s, 2H), 4.5244 (quintet] = 7.2 Hz, 1H), 3.98 (s, 3H), 3.96 (s,

3H), 1.991.98 (m, 2H), 1.84.84 (m, 2H), 1.56 ppm (m, 2H) ppMC NMR (100 MHz,
CDCly): #152.8, 149.2, 147.2, 135.5, 134.0, 131.1, 129.6, 128.0, 124.9, 121.0, 110.8, 109.6,
56.3, 56.2, 52.6, 45.4, 28.9, 14.9ppm. HRM& (ESI) calculated for ©H23N206S [(M + H)']

407.1277, found 407.1269. HPLC ret time 9.048 min, 98%.
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N-Cyclobutyl-N-(2,4-dimethoxybenzyl)}3,4-dimethoxybenzenesulfonamide (9d)ield: 11%

over 2 steps'H NMR (400 MHz, CDCJ): # 7.457.7.42 (dd,J = 8, 2 Hz, 2H), 7.42.40 (d,J =

8 Hz, 1H), 7.297.27 (d,J = 8 Hz, 1H), 6.95.93 (d,J = 8 Hz, 1H), 6.5%.49 (dd,J = 8, 2 Hz,

1H), 6.426.42 (d,J = 2 Hz, 1H), 4.404.36 (quintet) = 7.2 Hz, 1H), 4.34 (s, 2H), 3.96 (s, 3H),
3.93 (s, 3H), 3.82 (s, 3H), 3.81 (s, 3H), 2195 (m, 4H), 1.58.50 (m, 2H) ppm**C NMR

(100 MHz, CDC}): # 159.9, 157.0, 152.2, 148.9, 132.3, 129.1, 120.9, 119.2, 110.5, 109.8, 104.1,
98.0, 56.2, 56.1, 55.4, 55.2, 52.7, 42.2, 29.0, 14.9 ppm. HRMS(ESI) calculated for

C21H27NOgSNa [(M + Naj] 444.1457, found 444.1451. HPLC, ret time 11.057 min, 97%.

<> OMe
29P9
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N-((1H-Pyrrol -2-yl)methyl)-N-cyclobutyl-3,4-dimethoxybenzenesulfonamide  (9e) Yield:
55%.H NMR (400 MHz, CDCJ): # 9.11 (s, 1H), 7.47.39 (dd,J = 8, 2 Hz, 1H), 7.20.19 (d,
J=2 Hz, 1H), 6.94.92 (d,J = 8 Hz, 1H), 6.7%.79 (d,J = 2 Hz, 1H), 6.1%6.10 (dd,J = 8, 2
Hz, 1H), 6.05 (s, 1H), 4.28 (s, 2H), 4-2519 (quintetJ = 7.2 Hz, 1H), 3.95 (s, 3H), 3.90 (s,
3H), 2.132.02 (m, 4H), 1.68..54 (m, 2H) ppm**C NMR (100 MHz, CDGJ): # 152.5, 149.1,
131.7, 128.0, 120.9, 118.5, 110.6, 109.5, 107.8,11(®k.2, 56.2, 52.6, 41.2, 28.9, 15.0 ppm.
HRMS m/z(ESI) calculated for GH2N>OsSNa [(M + Naj] 373.1198, found 373.1184. HPLC

ret time 6.325, 100%.



14¢

N-cyclobutyl-3,4-dimethoxy-N-(4-nitrobenzyl)benzenesulfonamide (9f)ield: 72%."H NMR
(400 MHz, CDC}): # 9.11 (s, 1H), 7.41.39 (dd,J = 8, 2 Hz, 1H), 7.27.19 (d,J = 2 Hz, 1H),
6.946.92 (d,J = 8 Hz, 1 H), 6.7%.79 (d,J = 1.2 Hz, 1H), 6.15.10 (s, 1H), 6.05 (s, 1H), 4.28
(s, 2H), 4.254.19 (quintetJ = 7.2, 1H), 3.95 (s, 3H), 3.90 (s, 3H), 2282 (m, 4H), 1.68..54

(m, 2H) ppm.**C NMR (100 MHz, CDGJ): # 152.5, 149.1, 131.7, 128.0, 120.9, 118.5, 110.6,
109.5, 107.8, 107.1, 56.2, 56.2, 52.6, 41.2, 28.9, 15.0 ppm. HRMS$ESI) calculated for
C1oH23N206S [(M + H)] 407.1277, found 407.1258. HPLC ret time 8.366 min, 99%.

OMe

N-cyclobutyl-N-((5,7-difluoro -2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-

dimethoxybenzenesulfonamide (99)

(\N/\ij\? /@OME
o/ A Ng OMe
0,

N-cyclobutyl-3,4-dimethoxy-N-(4-(morpholinomethyl)benzyl)benzenesulfonamide (9h)
Yield: 46%."H NMR (400 MHz, CDCY): # 7.447.42 (dd,J = 8.4, 2 Hz, 1H), 7.34.25 (m, 5H),
6.956.93 (d,J = 8 Hz, 1H), 4.39 (s, 2H), 4.32.23 (quintet,] = 8 Hz, 1H), 3.96 (s, 3H), 3.92 (s,
3H), 3.743.72 (t,J = 4 Hz, 4H), 3.51 (s, 2H), 2.46 (s, 4H), 1-994 (m, 4H), 1.57.52 (m,

2H).2*C NMR (100 MHz, CDCJ): # 152.4, 149.0, 137.8, 132.0, 129.4, 127.1, 120.91, 110.6,



15C

109.8, 66.9, 63.0, 56.2, 56.2, 53.5, 52.9, 48.1, 29.2, 15.0. HRMS (&3l¢alculated for

Co4H33N-05S [(M + H)+] 461.2110, found 461.2102.

o) Q OMe
<OI>VN\S/©ioMe
O,

N-(Benzo[d][1,3]dioxol-5-yImethyl)-N-cyclobutyl-3,4-dimethoxybenzenesulfonamide (9)
Yield: 75%."H NMR (400 MHz, CDCJ): # 7.437.40 (dd,J = 8, 2 Hz, 1H), 7.24.23 (d,J = 2
Hz, 1H), 6.926.91 (d,J = 2 Hz, 1H), 6.816.74 (m, 2H), 5.96 (s, 2H), 4.30 (s, 2H), 4281
(quintet,J = 7.2 Hz, 1H), 3.95 (s, 3H), 3.91 (s, 3H), 2156 (m, 4H), 1.571.50 (m, 2H) ppm.
3%c NMR (100 MHz, CDGJ): # 152.4, 149.0, 147.9, 146.8, 132.5, 132.1, 120.9, 120.3, 110.6,

109.8, 108.1, 101.0, 56.2, 56.2, 52.9, 48.3, 29.3, 15.1 ppm. HRIKESI) calculated for

C20H24NO6S [(M + H)'] 406.1324, found 406.1315. HPLC ret time 8.912 min, 97%.

e Q OMe
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N-Cyclobutyl-N-((2,3-dihydrobenzofuran-5-yl)methyl)-3,4-dimethoxybenzenesulfonamide
(9)) Yield: 53%.*H NMR (400 MHz, CDGJ): # 7.427.40 (dd,J = 8, 2 Hz, 1H), 7.26 (s, 1H),
7.237.22 (d,J = 2 Hz, 1H), 7.057.03 (d,J = 8 Hz, 1H), 6.946.92 (d,J = 8 Hz, 1H), 6.756.670
(d,J = 8 Hz, 1H), 4.584.54 (t,J = 8 Hz, 2H), 4.31 (s, 2H), 4.2218 (quintetJ = 7.2 Hz, 1H),
3.95 (s, 3H), 3.90 (s, 3H), 3.&L17 (t,J = 7.2 Hz, 2H), 2.04..94 (m, 4H), 1.56..51 (m, 2H)
ppm.**C NMR (100 MHz, CDGJ): # 1594, 152.3, 149.0, 132.2, 130.5, 127.4, 127.0, 124.2,
120.9, 110.5, 109.7, 108.8, 71.3, 56.2, 56.2, 52.9, 48.3, 41.9, 29.7, 29.3, 15.1 ppmntARMS
(ESI) calculated for §H.6NOsS [(M + H)'] 404.1532, found 404.1547. HPLC ret time 9.124

min, 97%.
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N-cyclobutyl-3,4-dimethoxy-N-((2,2,8trimethyl -2H-chromen-6-
yl)methyl)benzenesulfonamide (9k)ield: 45%.'H NMR (400 MHz, CDCY): # 7.437.40 (dd,
J=8, 2 Hz, 1H), 7.23.23 (d,J = 2 Hz, 1H), 6.947.92 (d,J = 8 Hz, 2H), 6.81 (s, 1H), 6.36.28
(d,J = 8 Hz, H), 5.625.60 (d,J = 8 Hz, 1H), 4.27 (s, 2H), 4.24.25 (m, 1H), 3.90 (s, 3H), 3.87

(s, 3H), 2.16 (s, 3H), 2.64.95 (m, 4H), 1.64..54 (m, 2H), 1.43 (s, 6H) ppm. M8/z (ESI)

calculated for gsH3;NOsNa [(M + Na)] 480.2, found 480.2.

§> OMe
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N-cyclobutyl-N-((2,2-dimethyl-2H-chromen-8-yl)methyl)-3,4-

dimethoxybenzenesulfonamide (91JH NMR (400 MHz, CDGJ): # 7.477.45 (dd,J =8, 2 Hz,
2H), 7.357.33 (d,J =8 Hz, 1H), 6.965.94 (d,J =8 Hz, 1H), 6.898.85 (m, 2H), 6.34.32 (d,J

=8 Hz, 1H), 5.625.60 (d,J =8 Hz, 1H), 4.38 (s, 2H), 4.36 (m, 1H), 4.00 (s, 3H), 3.93 (s, 3H),
2.031.96 (m, 4H), 1.58.44 (m, 2H), 1.39 (s, 6H) ppm. HRM®/z (ESI) calculated for
C16H2NO [(M + H)'] 244.1701, found 244.1707.

OMe
OMe
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N-(3,4-dimethoxyphenethyl}N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin -6-yl)methyl)-3,4-
dimethoxybenzenesulfonamide (10aYield: 29%.'H NMR (400 MHz, CDCJ): # 7.457.42

(dd,J = 8, 2 Hz, 1H), 7.277.26 (d,J = 2 Hz, 1H), 7.247.18 (d,J =8 Hz, 1H), 7.027.00 (d,J =8

Hz, 1H), 6.939.91 (d,J =8 Hz, 1H), 6.746.72(d, J =8 Hz, 1H), 6.666.57 (m, 3H), 6.4%.41

(d, 3 =10 Hz, 1H), 5.965.87 (d,J =10 Hz, 1H)4.41 (s, 2H), 3.95 (s, 3H), 3.90 (s, 3H), 3.85 (s,
3H), 3.83 (s, 3H), 3.48.37 (m, 2H), 2.62.65 (t,J = 8 Hz, 2H), 1.66 (s, 6H) ppm°C NMR

(100 MHz, CDC}): #152.5, 149.1, 149.0, 148.8, 148.2, 147.6, 140.3, 135.5, 131.5, 131.0, 123.8,
123.6, 123.1, 121.1, 120.7, 112.0, 111.2, 110.6, 109.8, 77.3, 60.4, 56.2, 56.2, 55.9, 55.8, 53.5,
50.4, 34.8, 28.2, 21.1, 14.2 ppm. HRMSz (ESI) calculated for &HzsN-O;S [(M + H)']

555.2165, found 555.2151.

N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin -6-yl)methyl)-3,4-dimethoxy-N-(2-
morpholinoethyl)benzenesulfonamidg10b) Yield: 35%."H NMR (400 MHz, CDCY): # 7.48
7.46 (d,J= 8 Hz, 1H), 7.28 (s, 1H), 7.25 (s, 1H), 7-0®3 (d J = 8 Hz, 1H), 6.9%.93 (d,J=8
Hz, 1H), 6.396.36 (d,J = 10 Hz, 1H), 5.8%.86 (d,J = 10 Hz, 1H), 4.42 (s, 2H), 3.96 (s, 3H),
3.94 (s, 3H), 3.6B.60 (m, 4H), 3.38.31 (t,J = 6 Hz, 2H), 2.4.37 (t,J = 6 Hz, 2H), 2.31 (m,

4H), 1.47 (s, 6H) ppm.
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N-Cyclobutyl-N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin -6-yl)methyl)-4-
methoxybenzenesulfonamide (11aield: 78%.'H NMR (400 MHz, CDCJ): # 7.717.69 (d,J

= 8 Hz, 2H), 7.317.29 (d,J = 8 Hz, 2H), 7.036.99 (d,J = 8 Hz, 2H), 6.9%5.90 (d,J = 8 Hz,
2H), 6.406.37 (d,J = 10 Hz, 2H), 5.846.82 (d,J = 10 Hz, 2H), 4.35 (s, 2H), 4.3026 (quintet,
J=7.2 Hz, 1H), 3.81 (s, 1H), 1.9085 (m, 4H), 1.471.45 (m, 2H), 1.41 (s, 6H) pprfC NMR
(100 MHz, CDC}): # 163.8, 150.3, 148.5, 140.1, 135.4, 131.9,12129.0, 123.7, 123.6, 121.8,
114.2, 76.8, 55.6, 52.7, 49.3, 41.9, 28.8, 29.2, 27.9, 15.0 ppm. HREAESI) calculated for

C2oH27N204S [(M + H)'] 415.1692, found 415.1682. HPLC ret time 15.143 min, 95%.

J N
NN S
)

4-(Bromomethyl)-N-cyclobutyl-N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin -6-
yl)methyl)benzenesulfonamide (11bYield: 53%.*H NMR (400 MHz, CDCY): # 7.817.79 (d,

J =8 Hz, 2H), 7.557.53 (d,J = 8 Hz, 2H), 7.467.44 (d,J = 8 Hz, 1H), 7.23 (s, 1H), 6.68.67

(d,J=8 Hz, 1H), 6.066.98 (d J = 8 Hz, 1H), 4.56 (s, 2H), 4.51 (s, 2H), 4882 (quintet]) =

7.2 Hz, 1H), 1.94 (m, 4H), 1.51 (m, 2H), 1.51 (s, 6H) ppi@. NMR (100 MHz, CDGJ): #

149.1, 148.7, 142.7, 139.3, 129.8, 129.2, 129.0 127.7, 127.6, 126.5, 122.73, 78.0, 52.8, 47.9,
32.7, 29.0, 28.3, 14.9 ppm. HRM®/z (ESI) calculated for &H.sN,0sSBr [(M + H)']

477.0848, found 477.0852.
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N-Cyclobutyl-N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin -6-yl)methyl)-4-

(trifluoromethoxy)benzenesulfonamide (11cfH NMR (400 MHz, CDCJ): # 7.887.86 @, J =
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8 Hz, 2H), 7.367.32 (m, 3H), 7.14.12 (d,J = 8 Hz, 1H), 6.546.51 (d,J =10 Hz, 1H), 6.96

6.93 (d,J = 10 Hz, 1H), 4.50 (2, 2H), 4.34.33 (quintet] = 7.2 Hz, 1H), 1.98.94 (m, 4H),
1.57-1.50 (m, 2H), 1.49 (s, 6H) ppri'C NMR (100 MHz, CDGJ): # 152.1, 148.9, 139.5, 138.2,
136.5, 129.3, 127.9, 124.9, 122.3, 120.9, 120.5, 76.7, 52.7, 48.6, 29.0, 28.2, 14.9 ppm. HRMS

m/z(ESI) calculated for €H24N20,SF; [(M + H)*] 467.1409, found 469.1409.
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N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3-methoxybenzenesulfonamide

(11d) *H NMR (400 MHz, CDCY): # 7.447.27 (m, 5H), 7.147.07 (m, 2H), 6.48&.45 (d,J = 10

Hz, 1H), 5.915.89 (d,J = 10 Hz, 1H), 4.45 (s, 2H), 4.4036 (quintet,]) = 7.2 Hz, 1H), 3.88 (s,

3H), 1.971.92 (m, 4H), 1.56..54 (m, 2H), 1.49 (s, 6H) ppnt>C NMR (100 MHz, CDG): #

159.9, 150.0, 148.6, 141.1, 135.6, 130.1, 121.9, 119.3, 119.1, 1198.9, 111.9, 111.2, 55.9, 55.6,
52.8, 49.3, 29.7, 28.9, 28.2, 15.0 ppm. HRM&(ESI) calculated for &H27N204S [(M + H)']

415.1692found 415.1688.
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N-Cyclobutyl-N-((2,2-dimethyl-3,4-dihydro-2H-pyrano[3,2-b]pyridin -6-yl)methyl)-3,4-
dimethoxybenzenesulfonamide (12aYield: 98%.H NMR (400 MHz, CDCJ): # 7.457.43
(dd,J =8, 2 Hz, 1H), 7.3§.26 (dd,J = 8, 2 Hz, 1H), 7.26 (s, 1H),10-7.08 (d,J = 8 Hz, 1H),
6.946.92 (d,J = 8 Hz, 1H), 4.44 (s, 1H), 4.4043 (quintet]J = 7.2 Hz, 1H), 3.96 (s, 3H), 3.93

(s, 3H), 2.912.87 (t,J = 10 Hz, 2H), 1.96..91 (m, 6H), 1.5741.50 (m, 2H), 1.33 (s, 6H) ppm.

13C NMR (100 MHz, CDGJ): # 152.4, 149.5, 149.2, 149.0, 141.3, 131.8, 125.3, 121.0, 120.7,
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110.5, 109.6, 74.8, 56.2, 52.7, 49.4, 32.8, 28.9, 26.7, 25.6, 15.0 ppm. HRESI) calculated

for C23H31N205S [(M + H)+] 4471954, found 447.1958.
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N-Cyclobutyl-N-((2,2-dimethyl-3,4-dihydro -2H-pyrano[3,2-b]pyridin -6-yl)methyl)-4-
methoxybenzenesulfonamide (12byield: 89%.'"H NMR (400 MHz, CDCJ): # 7.767.73 (d,J

= 8 Hz, 2H), 7.377.35 (d,J = 8 Hz, 1H), 7.097.07 (d,J = 8 Hz, 1H), 6.965.94 (d,J = 8 Hz,

2H), 4.41 (s, 2H), 4.38.29(quintet,J = 7.2 Hz, 1H), 3.87 (s, 3H), 2.9087 (t,J = 6 Hz, 2H),
1.961.89 (m, 6H), 1.52.48 (m, 2H), 1.36 (s, 6H) pprfC NMR (100 MHz, CDCJ): # 162.8,
149.6, 149.2, 141.2, 131.7, 129.2, 125.2, 120.7, 114.1, 74.8, 55.6, 52.7, 49.4, 32.8,.28.9, 26
25.6, 15.0 ppm. HRMSn/z (ESI) calculated for &H2oN-04S [(M + H)'] 417.1848, found

417.1848. HPLC ret time 15.036 min, 95%.
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N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-
dimethoxybenzenesulfonamide (13aYield: 56%."H NMR (400 MHz,CDCl): # 7.437.42 (d,
J=2Hz, 1H), 7.417.40 (d,J = 2 Hz, 1H), 7.247.23 (d,J = 2 Hz, 1H), 7.077.05 (d,J = 8 Hz,
1H), 6.99 (s, 1H), 6.96.92 (d,J = 8 Hz, 1H), 6.7%.31 (d,J = 8 Hz, 1H), 6.3%6.30 (d,J = 8
Hz, 1H), 5.635.61 (d,J = 8 Hz, 1H),4.30 (s, 2H), 4.274.20 (m, 1H), 3.95 (s, 3H), 3.91 (s, 3H),

2.051.95 (m, 4H), 1.621.49 (m, 2H), 1.47 (s, 6H) ppriC NMR (100 MHz, CDGJ): # 152.3,

152.2, 149.0, 132.2, 131.0, 130.6, 127.9, 125.3, 122.3, 121.2, 120.9, 116.1, 111.0, 109.7, 76.2,



15€

56.2, %.2, 52.9, 48.0, 29.3, 28.0, 15.1 ppm. HRM&(ESI) calculated for &H>oNOsSNa [(M

+ Na)'] 466.1664, found 466.1678.

N
NN g NN
0,

4-Bromo-N-cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)benzenesulfonamide

(13b) Yield: 55%.*H NMR (400 MHz, CDC)): # 7.64 (m4H), 7.057.03 (dd,J = 8, 2 Hz, 1H),
6.966.96 (d,J = 2 Hz, 1H), 6.74.72 (d,J = 8 Hz, 1H), 6.3%6.30 (d,J = 8 Hz, 1H), 5.95.63

(d,J =8 Hz, 1H), 4.31 (s, 2H), 4.30.28 (m ,1H), 2.02.96 (m, 4H), 1.58..53 (m, 2H), 1.45 (s,
6H) ppm.**C NMR (100MHz, CDCk): # 132.2, 131.1, 130.0, 125.6, 127.9, 125.3, 122.2, 121.3,
116.2, 76.3, 52.9, 48.2, 29.7, 29.3, 28.0, 15.0 pptiRMS m/z (ESI) calculated for

C22H24BrNOsSNa [(M + Naj] 484.0558, found 484.0561. HPLC ret time 26.138 min, 96%.

( 7
X ~s
0O,

N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-4-
(trifluoromethoxy)benzenesulfonamide (13cfH NMR (400 MHz, CDCY): # 7.837.81 (d,J =

8 Hz, 2H), 7.337.31 (d,J = 8 Hz, 2H), 7.047.02 (d,J = 8 Hz, 1H), 6.96 (s, 1H), 6.7872 (d,J

= 8 Hz, 1H), 6.336.29 (d,J = 8 Hz, 1H), 5.64.62 (d,J = 8 Hz, 1H), 4.33 (s, 2H), 4.26.18
(quintet,J = 7.2 Hz, 1H), 2.03.99 (m, 4H), 1.58 (m, 2H), 1.44 (s, 6H) ppHC NMR (100

MHz, CDCk): # 152.3, 151.9, 139.0, 131.1, 129.9, 129.1, 127.9, 125.3, 122.2, 121.3, 120.8,
116.2,76.3, 52.9, 48.2, 29.3, 28.0, 15.0 ppm. HRM& (ESI) calculated for §H».NO,SFNa

[(M + Na)'] 490.1276, found 490.1278.



N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3,5-dimethylisoxazole4-

sulfonamide (13d)'H NMR (400 MHz, CDCJ): # 7.037.01 (d,J = 8 Hz, 1H), 6.91 (s, 1H),
6.736.71 (d,J = 8 Hz, 1H), 6.336.28 (d,J = 8 Hz, 1H), 5.64.62 (d,J = 8 Hz, 1H), 4.41 (s,

2H), 4.284.20 (quintet] = 7.2 Hz, 1H), 2.58 (s, 3H), 2.39 (s, 3H), 2291 (m, 4H), 1.62.52

(m, 2H), 1.43(s, 6H) ppm.=C NMR (100 MHz, CDGJ): # 172.8, 157.3, 152.4, 131.2, 129.5,
127.8, 125.2, 122.1, 121.4, 117.5, 116.3, 76.3, 52.2, 47.8, 29.3, 27.9, 15.0, 12.8, 11.1 ppm.

HRMS m/z(ESI) calculated for §H,6N20OsSNa [(M + NaJ] 425.1511, found 425.1529.

A(o <> _~_F

\D\/N%Z/QIF
N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-difluorobenzenesulfonamide
(13e)*H NMR (400 MHz, CDCJ): # 7.617.54 (m, 2H), 7.29.28 (m, 2H), 7.04.02 (d,J =8

Hz, 1H), 6.96 (s, 1H), 6.78.71 (d,J = 8 Hz, 1H), 6.3%.29 (d,J = 10 Hz, 1H)5.655.63 (d,J =

10 Hz, 1H), 4.32 (s, 2H), 4.2819 (quintetJ = 7.2 Hz, 1H), 2.08..99 (m, 4H), 1.58.52 (m,
2H), 1.44 (s, 6H) ppn>C NMR (100 MHz, CDGJ): # 152.4, 148.9, 137.4, 131.1, 129.7, 128.0,

125.3, 124.0, 122.1, 121.3, 118.1, 117.9, 11¥16.,8, 116.3, 76.33, 52.8, 48.2, 29.3, 28.0, 15.0

ppm. HRMSm/z(ESI) calculated for &H,3NOsSFNa [(M + Na)] 442.1264, found 442.1255.

VO,
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N-Cyclobutyl-N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3-methoxybenzenesulfonamide
(13f) Yield: 77%."H NMR (400MHz, CDCL): # 7.467.43 (d,J = 8 Hz, 1H), 7.24 (s, 1H), 7.07
7.05 (d,J = 8 Hz, 1H), 7.00 (s, 1H), 6.98.92 (d,J = 8 Hz, 1H), 6.7%.71 (d,J = 8 Hz, 1H),
6.326.30 (d,J = 8 Hz, 1H), 5.6%.61 (d,J = 8 Hz, 1H), 4.30 (s, 2H), 4.24.20 (quintet,) = 7.2
Hz, 1H), 3.95 (s, 3H), 3.91 (s, 3H), 2:@®7 (m, 4H), 1.59 (m, 2H), 1.43 (s, 6H) ppm. HRMS
m/z(ESI) calculated for &H>sNO4sSNa [(M + Naj] 436.1559, found 436.1573.
spelew

(852 OMe
1-Benzyt4-((3,4-dimethoxyphenyl)sulfonyl)piperazine (14a)*H NMR (400 MHz, CDCY): #
7.397.37 (d,J = 8 Hz, 1H), 7.327.25 (m, 5H), 7.21 (s, 1H), 6.9896 (d,J = 8 Hz, 1H), 3.97 (s,
3H), 3.93 (s, 3H), 3.50 (s, 2H), 3.05 (s, 4H), 2.55 (s, 4H) PIENNMR (100 MHz, CDGJ): #
152.7, 149.1, 137.5, 129.1, 128.3, 127.3, 127.3, 121.8, 110.6, 110.4, 62.6, 56.3, 56.2, 52.1, 46.1.

53.3 ppm. HRMSn/z(ESI) calculated for GH2sN204S [(M + H)'] 377.1535, found 377.1531.

.

NH

N-((2,2-Dimethyl-2H-chromen-8-yl)methyl)aniline (16b) Yield: 91%. 'H NMR (400 MHz,
CDCly): # 7.267.21 (m, 3H), 6.9%.96 (d,J = 8 Hz, 1H), 6.88.86 (t,J = 4 Hz, 1H), 6.795.72

(m, 3H), 6.406.38 (d,J = 8 Hz, 1H), 5.6%.67 (d,J = 8 Hz, 1H), 4.40 (s, 2H), 4.06 (s, 1H), 1.52
(s, 6H) ppm.**C NMR (100 MHz, CDGJ): # 150.8, 148.5, 130.6, 129.2, 128.8, 126.5, 125.5,

122.5,121.1, 120.5, 117.4, 113.2, 76.4, 43.1, 28.2 ppm.
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N-((7-Bromo-2,2-dimethyl-2H-chromen-6-yl)methyl)aniline (16c) Yield: 48%.'H NMR (400
MHz, CDCLk): # 7.37 (s, 1H), 7.39.18 (m, 1H), 6.94 (slH), 6.766.73 (t,J = 8 Hz, 1H), 6.65
6.63 (d,J = 8 Hz, 1H), 6.2%.26 (d,J = 8 Hz, 1H), 5.68.65 (d,J = 8 Hz, 1H), 4.20 (s, 2H),

3.98 (s, 1H), 1.49 (s, 6H) ppmM’C NMR (100 MHz, CDGJ): # 148.9, 148.0, 132.8, 131.8,

131.3, 129.3, 1245, 122.7, 1@2117.7, 112.9, 110.5, 76.7, 47.4, 28.0 ppm.

vin &

N-((2,2,8 Trimethyl -2H-chromen-6-yl)methyl)aniline (16d) *H NMR (400 MHz, CDCY): #
7.257.21 (m, 2H), 7.04 (s, 1H), 6.88988 (d,J = 2 Hz, 1H), 6.79%.77 (d,J = 8 Hz, 1H), 6.70
6.68 (dd,J = 8, 2 Hz, 1H), 6.3%.33 (d,J = 8 Hz, 1H), 5.675.64 (d,J = 8 Hz, 1H), 4.20 (s, 2H),
2.23 (s, 3H), 1.48 (s, 6H) ppni°C NMR (100 MHz, CDGJ): # 150.2, 148.4, 130.8, 10.7, 129.9,

129.3, 125.7, 123.3, 122.6, 120.8, 117.5, 112.9, 76.08, 48.1, 28.pphd.6

!

N-((2,2,5Trimethyl -2H-chromen-6-yl)methyl)aniline with N-((2,2,#Trimethyl -2H-
chromen-6-yl)methyl)aniline (2:1) (16e)Yield: 23%.*H NMR (400 MHz, CDCY): # 7.247.20

(m, 6H), 7.117.09 (d,J = 8 Hz, 2H), 6.96 (s, 1H), 6.76.73 (m, 3H), 6.66.61(m, 11H), 6.30
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6.28 (d,J = 8 Hz, 1H), 5.75.70 (d,J = 8 Hz, 2H), 5.58.56 (d,J = 8 Hz, 1H), 4.19 (s, 4H),

4.17 (s, 2H), 3.71 (s, 3H), 2.32 (s, 9H), 1.45 (s, 12H), 1.44 (s, 6H) ppm.

O
<:©\/
o NH

N-(Benzo[d][1,3]dioxol-5-yImethyl)aniline (16g)'*H NMR (400 MHz, CD@): # 7.277.23 (m,

2H), 6.936.78 (m, 4H), 6.78.68 (d,J = 8 Hz, 2H), 5.99 (s, 2H), 4.29, (s, 2H), 4.05 (s, 1H)
ppm. *C NMR (100 MHz, CDGJ): # 148.1, 148.0, 146.8, 133.5, 129.3, 120.9, 120.7, 117.7,
112.9, 108.4, 108.1, 48.2 ppm. HRM®z(ESI) calclated for G4H1,NO, [(M + H)*] 228.1025,

found 228.1023.

N-(Benzof][1,2,5]oxadiazot5-yImethyl)aniline (16h) Yield: 32%. 'H NMR (400 MHz,
CDCly): # 7.847.80 (m, 2H), 7.44.42 (d,J = 8 Hz, 1H), 7.237.21 (t,J = 4 Hz, 2H), 6.866.77

(m, 1H), 6.666.64 (d,J = 8 Hz, 2H), 4.48 (s, 2H), 4.2824 (quintet,) = 7.2 Hz, 1H) ppm.

N-(4-(Morpholinomethyl)benzyl)aniline (16i) Yield: 60%.*H NMR (400 MHz, CDCJ): #
7.237.17 (m, 4H), 6.7%.66 (m, 5H), 4.34 (s, 2H),. B4 (m, 4H), 3.53 (s, 2H), 2.74 (m, 4H)
ppm. *C NMR (100 MHz, CDGJ): # 148.2, 138.4, 136.8, 129.5, 129.3, 127.5, 118.6, 117.6,

115.1, 112.9, 67.0, 63.2, 53.6, 48.1 ppm. HRMZ(ESI) calculated for GH2oNO, [(M + H)']

260.1651, found 260.1657.
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N-((2,3-Dihydrobenzofuran-5-yl)methyl)aniline (16j) Yield: 87%. 'H NMR (400 MHz,
CDCl): # 7.277.13 (m, 4H), 6.8%.69 (m, 4H), 4.631.59 (m, 2H), 4.28 (s, 2H), 4.00 (s, 1H),
3.253.21 (t,J = 8 Hz, 2H) ppm**C NMR (100 MHz, CDGCJ): # 159.5, 148.3, 131.5, 129.
127.5, 127.5, 124.5, 117.5, 112.9, 109.2, 71.4, 65.4, 48.2, 29.8, 29.7 ppm. MRNESI)

calculated for GH1gNO [(M + H)'] 226.1232, found 226.1230.
264 ¢
H
X N
L
N-((5,7-Difluoro -2,2-dimethyl-2H-chromen-6-yl)methyl)aniline (16l) *H NMR (400 MHz,

CDCl): # 7.237.17 (m, 2H), 7.05.99 (m, 1H), 6.7%6.63 (m, 5H), 6.3%.36 (d,J = 8 Hz, 1H),

5.645.62 (d,J=8Hz, 1H), 4.34 (s, 3H), 1.47 (s, 6H) ppm.

N-((5-Fluoro-2,2-dimethyl-2H-chromen-6-yl)methyl)aniline with N-((7-fluoro-2,2-dimethyl-
2H-chromen-6-yl)methyl)aniline (1:1) (16m)*H NMR (400 MHz, CDCJ): # 7.227.18 (m,

4H), 7.127.08 (m, 1H), 6.9%.97 (d,J = 8 Hz, 1H), 6.746.52 (m, 9H), 6.2%.25 (d,J =8 Hz,

1H), 5.705.67 (d,J =10 Hz, 1H), 5.5%.55 (d,J =10 Hz, 1H), 4.30 (s, 2H), 4.29 (s, 2H)93 (s,

2H), 1.44 (s, 12H) ppm-*C NMR (100 MHz, CDGJ): # 148.5, 148.0, 148.0, 131.0, 129.7,
129.7, 129.3, 129.2, 128.9, 126.9, 126.9, 121.5, 117.7, 117.7, 117.1, 115.1, 115.1, 113.0, 112.7,

112.5,112.0, 111.9, 104.2, 103.9, 44.0, 41.8, 41.8, 41.6,200 5 29.4, 29.3, 28.0, 27.9 ppm.
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2oousl

1-(2,2-Dimethyl-2H-chromen-6-yl)-N-(oxetan-3-ylmethyl)methanamine (18a) Yield: 92%.

'H NMR (400MHz, CDC}): # 7.047.02 (d,J = 8 Hz, 1H), 6.93 (s, 1H), 6.78.72 (d,J = 8 Hz,

1H), 6.326.30 (d,J = 8 Hz, 1H), 5.65.60 (d,J = 8 Hz, 1H), 4.844.78 (m, 2H), 4.42..39 (m,

2H), 3.68 (s, 2H), 3.13.09 (quintetd = 7.2 Hz, 1H), 2.96 (s, 2H), 1.6845 (m, 1H), 1.45 (s,
6H) ppm.**C NMR (100 MHz, CDGJ): # 152.0, 132.2, 131.0, 128.8, 128.6, 126.1, 122.2, 121.5,
121.2, 116.2, 76.2, 76.0, 53.5, 52.4, 35.3, 29.6, 28.0 ppm. HRISESI) calculated for

C16H22NO2 [(M + H)'] 260.1651, found 260.1657.

N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)aniline (19) *H NMR (400 MHz, CDC}): # 7.26
7.21 (m, 3H), 6.9%.96 (d,J = 8 Hz, 1H), 6.88.86 (m, 1H), 6.7%.72 (m, 3H), 6.46.38 (d,J

= 8 Hz, 1H), 5.6%.67 (d,J = 8 Hz, 1H), 4.37 (s, 2H), 4.06 (bs, 1HJC NMR (100 MHz,
CDClg): # 150.8, 148.5, 130.6, 129.2, 128126.5, 125.5, 122.5, 121.1, 120.5, 117.4, 113.2,
76.44, 43.11, 28.18. HRMS (ESt)/z calculated for @H2o0NO [(M + H)'] 266.1545, found

266.1548.

-
of

4-(Benzylamino)phenol (23a)H NMR (400 MHz, CDCY): # 7.397.32 (m, 5H), 6.746.69 (d,J

= 8 Hz, 2H), 660-6.58 (d,J = 8 Hz, 2H), 4.41 (s, 1H), 4.29 (s, 2H) ppC NMR (100 MHz,
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CDCl): # 148.1, 142.1, 139.5, 128.7, 127.7, 127.3, 127.2, 116.4, 114.8, 49.6 ppm. HRMS

(ESI) calculated for @H14NO [(M + H)*] 200.1075, found 200.1079.

N-((2,3-Dihydrobenzofuran-5-yl)methyl)aniline (25a) '"H NMR (400 MHz, CDCY): # 7.27

7.23 (m, 3H), 7.177.13 (m, 1H), 6.8%.77 (m, 2H), 6.796.69 (d,J = 8 Hz, 2H), 4.634.59 (m,

2H), 4.28 (s, 2H), 4.00 (s, 1H), 3:3521 (t,J = 8 Hz, 2H) ppm**C NMR (100 MHz, CDC}): #

159.5, 148.3, 131.5, 129.3, 127.5, 127.5, 124.5, 117.5, 112.9, 109.2, 71.4, 65.4, 48.2, 29.7 ppm.
HRMS m/z(ESI) calculated for gH1NO [(M + H)] 226.1232, found 226.1230.

~ ¢

= NH
N-Benzylaniline (25b)Yield: 97%H NMR (400 MHz, CDCJ): # 7.617.53 (m, 5H), 7.447.42
(d, J = 8 Hz, 2H), 7.0%6.982(m, 1H), 6.8%.85 (d,J = 8 Hz, 2H), 4.52 (s, 2H), 4.14 (s, 1H)
ppm.**C NMR (100 MHz, CDGJ): # 148.5, 139.8, 129.6, 128.9, 127.8, 127.5, 117.8, 113.2, 48.5

ppm.

Meo©v<N?H

N-(4-Methoxybenzyl)cyclobutanamine (2@) Not isolated. Crude product taken directly to next
step.
N

CLk

N-Benzylcyclobutanamine (27bNot isolated. Crude product taken directly to next step.
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N
ok
NH

NO,

N-(2-Nitrobenzyl)cyclobutanamine (27c)Not isolated. Crude product taken directly to next

step. MSM/z(ES]) calculated for GH1sN,O,[(M + H)™] 207.1, found 207.1.

MeOQV?H

OMe
N-(2,4-Dimethoxybenzyl)cyclobutanamine (27dNot isolated. Crude product taken directly to

next step.

al
H

N-((1H-Pyrrol -2-yl)methyl)cyclobutanamine (27e)Yield: 85%.*H NMR (400 MHz, CDCJ):
# 9.41 (s, 1H), 6.88.88 (d,J = 2 Hz, 1H), 6.26 (s, 1H), 6.15.15 (d,J = 2 Hz, 1H), 4.11 (s,
2H), 3.583.50 (m, 1H), 2.3@.21 (m, 4H), 2.04L.97 (m, 1H), 1.84..79 (m, 1H) ppm™C NMR
(100 MHz, CDCH): # 121.1, 118.9, 112.3, 108.8, 50.6, 42.26265.4 ppm. MSn/z (ESI)

calculated for GH1sN2 [(M + H)*] 151.1, found 151.1.

OZNOV?H

N-(4-Nitrobenzyl)cyclobutanamine (27f) Yield: 26%.'H NMR (400 MHz, CDCJ): # 8.20
8.18 (d,J = 8 Hz, 2H), 7.547.52 (d,J = 8 Hz, 2H), 3.85 (s, 2H), 3.3828 (quintet,) = 7.2 Hz,
1H), 2.36 (s, 1H), 2.22.21 (m, 2H), 1.811.65 (m, 4H) ppm**C NMR (100 MHz, CDGJ): #

121.1, 118.9, 112.2, 108.8, 50.6, 42.2, 26.6, 15.4 ppm.
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N-((5,7-Difluoro -2,2-dimethyl-2H-chromen-6-yl)methyl)cyclobutanamine (27g)Not isolated.

Crudeproduct taken directly to next step.
SRS
o) NH

N-(4-(Morpholinomethyl)benzyl)cyclobutanamine (27h)*H NMR (400 MHz, CDGJ): # 7.32
7.26 (m, 4H), 3.68.68 (M, 4H), 3.47 (s, 2H), 3.8.28 (m, 1H), 2.43 (m, 4H), 2.2221 (m,
2H), 1.631.62 (m, 4H) ppm**C NMR (10 MHz, CDCh): # 139.4, 136.3, 129.4, 128.1, 67.0,
63.2, 53.6, 50.8, 31.1, 14.8 ppm. HRMSz (ESI) calculated for GH.sNO, [(M + H)']

261.1967, found 261.1961.

OB

N-(Benzo[d][1,3]dioxol-5-ylmethyl)cyclobutanamine (27i) *H NMR (400 MHz, CDC)): #
6.83 (s,1H), 6.75 (s, 2H), 5.93 (s, 2H), 3.61 (s, 2H), 33326 (quintet) = 7.2 Hz, 1H), 2.23
2.18 (m, 2H), 1.83 (s, 1H), 1.7262 (m, 4H) ppm**C NMR (100 MHz, CDGJ): # 147.6, 146.5,
134.3, 121.3, 108.8, 108.0, 100.9, 53.4, 50.8, 44.7, 31.3, 31.0, 1B@pM. HRMSm/z(ESI)

calculated for H1gNO, [(M + H)*] 206.1181, found 206.1181.

Ly

N-((2,3-Dihydrobenzofuran-5-yl)methyl)cyclobutanamine (27j)*H NMR (400 MHz, CDCJ):

#7.14 (s, 1H), 7.06.99 (d,J = 8 Hz, 1H), 6.765.68 (d,J = 8 Hz, 1H), 4.534.49 (t,J = 8 Hz,
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2H), 3.59 (s, 2H), 3.28.25 (m, 1H), 3.18.12 (t,J = 8 Hz, 2H), 2.242.20 (m, 2H), 1.68.61
(m, 4H) ppm.**C NMR (100 MHz, CDG)): # 159.1, 132.4, 127.9, 127.1, 125.0, 108.8, 71.2,
53.4, 50.7, 31.1, 29.7, 14.8 ppHRMS m/z (ESI) calculated for GH1gNO [(M + H)']

204.1388, found 204.1392.

20 S

N-((2,2,8trimethyl -2H-chromen-6-yl)methyl)cyclobutanamine (27k)Not isolated. Taken on
to next step crude.

N

NH

N-((2,2-Dimethyl-2H-chromen-8-yl)methyl)cyclobutanamine (271)Yield: 90%.'"H NMR (400

MHz, CDCk): # 7.097.07 (d,J = 8 Hz, 1H), 6.916.89 (d,J = 8 Hz, 1H), 6.8%6.78 (t,J = 8 Hz,

1H), 6.346.32 (d,J = 8 Hz, 1H), 5.6%.61 (d,J = 8 Hz, 1H), 3.68 (s, 2H), 3.32.28 (quintet,]

= 7.2 Hz, 1H), 2.12.18 (m, 4H), 1.74.67 (m, 2H), 1.43 (s, 6H) ppfC NMR (100 MHz,
CDCly): # 150.8, 130.3, 129.7, 125.3, 122.5, 120.9, 120.3, 76.2, 53.7, 46.2, 31.1, 28.1, 15.0 ppm.
HRMS m/z(ESI) calculated for GH2,NO [(M + H)'] 244.1701, found 244.1707.

0] F
H
N

[~

NS
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N-((5,7-difluoro -2,2-dimethyl-2H-chromen-6-yl)methyl)cyclobutanamine (27m) *H NMR

(400 MHz, CDCY): # 6.516.48 (d,J = 10 Hz, 1H), 6.36.35 (d,J = 8 Hz, 1H), 5.65.60 (d,J =

8 Hz, 1H), 3.73 (d, 2H), 3.3B.29 (m, 1H), 2.18 (m, 2H), 1.7..70 (m, 4H), 1.8 (s, 6H) ppm.

N
I Al

N-((5-Fluoro-2,2-dimethyl-2H-chromen-6-yl)methyl)cyclobutanamine with N-((7-Fluoro-
2,2-dimethyl-2H-chromen-6-yl)methyl)cyclobutanamine (1:1) (27n)*H NMR (400 MHz,
CDCl): # 7.237.21 (d,J = 8 Hz, 1H), 7.127.08 (t,J = 8 Hz, 1H), 7.066.98 (d,J = 8 Hz, 1H),
6.536.50 (m, 1H), 6.3%6.29 (d,J = 8 Hz, 1H), 5.68.66 (d,J = 8 Hz, 1H), 5.5%.56 (d,J = 10
Hz, 1H), 4.42 (s, 4H), 1.45.44 (m, 8H), 1.271.25 (m, 4H), 1.28 (s, 12H) ppm.

OMe
OMe

2-(3,4-Dimethoxyphenyl)}N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin -6-

yl)methyl)ethanamine (29a)Yield: 38%.'H NMR (400 MHz, CDGJ): # 7.026.97 (m, 2H),
6.81-6.75 (m, 3H), 6.4%.43 (d,J = 10 Hz, 1H), 5.8%.86 (d,J = 10 Hz, 1H), 3.86 (s, 6H), 3.84

(s, 2H), 2.952.92 (t,J = 6.8 Hz, 2H), 2.88.81 (t,J = 6.8 Hz, 2H), 1.46 (s, 6H) ppriC NMR

(100 MHz, CDC}): # 150.2, 148.9, 136.0, 135.3, 132.2, 123.8, 123.4, 122.4, 120.7, 120.7, 112.1,
111.4, 111.4, 76.7, 55.9, 55.8, 54.1, 50.7, 35.6, 28.2 ppm. HRKLIESI) calculated for

Ca1H27N203 [(M + H)*] 355.222, found355.2025
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SR
N
N-((2,2-Dimethyl-2H-pyrano[3,2-b]pyridin -6-yl)methyl)cyclobutanamine (31) *H NMR (400
MHz, CDCL): # 6.976.95 (d,J = 8 Hz, 1H), 6.9%6.90 (d,J = 8 Hz, 1H), 6.45.43 (d,J = 8 Hz,
1H), 5.805.78 (d,J = 8 Hz, 1H), 3.64 (s, 2H), 37-3.23 (quintet) = 7.2 Hz, 1H), 2.41 (s, 1H),
2.152.11 (m, 2H), 1.69..52 (m, 4H), 1.38 (s, 6H) ppMC NMR (100 MHz, CDGJ): # 151.4,

148.3, 140.6, 135.1, 123.9, 123.3, 122.3, 76.8, 53.9, 51.9, 31.1, 30.9, 28.1, 27.8, 14.8 ppm.

HRMS m/z(ESI) calculéed for GsH,1N2O [(M + H)'] 245.1654, found 245.1651.

Aﬂo N §> OMe

\J\/NDVNE:G:OMe

N-Cyclobutyl-N-((2,2-dimethyl-2H-pyrano[3,2-b]pyridin -6-yl)methyl)-3,4-
dimethoxybenzenesulfonamide (2), (32aY¥ield = 78%.*H NMR (400 MHz, CDCY): # 7.44
7.42 (d,J = 8 Hz, 1H), 7.367.34 (d,J = 8 Hz, 1H), 7.26 (s, 1H), 7.67.05 (d,J = 8 Hz, 1H),
6.946.92 (d,J = 8 Hz, 1H), 6.45.43 (d,J = 10 Hz, 1H), 5.965.87 (d,J = 10 Hz, 1H), 4.42 (s,

2H), 7.377.35 (m, 1H), 3.95 (s, 3H), 3.92 (s, 3H), £B92 (m, 4H), 1.56..52 (m, 2H), 1.48 (s,

6H) ppm.

Yo

N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)cyclobutanamine (32) *H NMR (400 MHz,
CDCly): # 7.047.02 (d,J= 8 Hz, 1H), 6.95 (s, 1H), 6.7/871 (d,J = 8 Hz, 1H), 6.3%6.30 (d,J =
8 Hz, 1H), 5.635.59 (d,J = 8 Hz, 1H), 3.60 (s, 2H), 3.3226 (quinet,J = 7.2 Hz, 1H), 2.22 (m,

2H), 1.721.69 (m, 4H), 1.43 (s, 6H) ppriC NMR (100 MHz, CDGJ): # 151.9, 132.5, 130.8,



16¢

128.9, 126.2, 122.3, 121.2, 116.1, 76.1, 53.5, 50.5, 31.1, 27.9, 14.8 ppm. HIRASSI)

calculated for GH,NO [(M + H)"] 244.1701found 244.1697.
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APPENDICES: STRUCTURAL CHARACTERIZATION OF COMPOUNDS

Appendix A: Structural Characterization of Compounds from Chapter 3

3,4-Dimethoxy-N-(4-(morpholinomethyl)benzyl)-N-phenylbenzenesulfonamide (2a)

SB! IV ! 54d
CRSRIUEHNAEB® I NIEEH 3 a
NOAMNNHQOO RO N o~ooY N < Current Data Parameters
NNNNNNNNNNOOO < MOMmmm o (=] NAME SB 11V 1 54d
N\/ % ‘ \\ \/ / ‘ EXPNO 1
PROCNO 1
F2 | Acquisition Parameters
Date_ 20120522
Time 10.25
INSTRUM spect
PROBHD 5mm PABBO BB !
PULPROG 2930
D 65536
SOLVENT CDCI3
OMe & =
DS 2
N 7 SWH 8223.685 Hz
FIDRES 0.125483 Hz
O ) N AQ 3.9846387 sec
RG 181
~ N NS bW 60.800 usec
S OMe DE 6.50 usec
TE 298.1 K
02 DI 1.00000000 sec
== CHANNEL fl ========
1H
13.50 usec
PLW1 16.00000000 W/
SFO1 400.1424710 MHz
F2 | Processing parameters
S| 65536
SF 400.1400000 MHz
‘WDwW EM
SsB 0
LB 0.30 Hz
GB 0
J PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! IV! 54d
DONHINNR P I DR DD
BRISNNBRIRIIIR SNO doNmow
NCPVODDBRBINNHS S MeR 2o-Ho0w
H5IRRIAINIINIIST NRG Snog<e
BRI R R R R Y KRR 8888383
Current Data Parameters
NAME SB 'V 54d
EXPNO 2
PROCNO 1
F2 1| Acquisition Parameters
Date_ 20120522

Time 10.29
INSTRUM spect
PROBHD 5 mm PABBO BB !
PULPROG 2gpg30

TD 65536
SOLVENT CDCI3
NS 501

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
R 3

bw 20.800 usec
DE 6.50 usec
TE 298.7 K

D1 2.00000000 sec
D11 0.03000000 sec

P1 9.00 usec
PLW1 62.00000000 W
SFO1 100.6253441 MHz

—=== CHANNEL {2 ========
CPDPRG2 waltz16
NUC2 H
PCPD2 90.00 usec
PLW2 16.00000000 W

PLW12 0.36000001 W
PLW13 0.29159999 W
‘ { I | SFO2 400.1416006 MHz

. F2 ! Processing parameters
| 32768

SF 100.6152830 MHz
wWDw EM

SSB

LB 1.00 Hz

GB

PC 1.20

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



172

100%MeOH 11:09:27 23-May-2012
100 488.1523
483.1956
OMe
O\) N.
S S OMe
O,
556.2771
504.1300
511.2262
\ 518.1524 551"3‘508 ‘
O- bbb b byt ‘\ i - L A P AR NSO Y Y B B WA ey
480 490 500 510 520 530 540 550 560

Elemental Composition Report

Single Mass Aalysis

Tolerance = 20.0 PPM / DBE: min£5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

6053 formula(e) evaluated with 64 results within limits (all results (up to 1000a¢brraass)
Elements Used:

C:1-200 H: 1200 N:115 O:1100 S:650

Minimum: -1.5
Maximum: 50 20.0 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

483.1956 483.1954 02 04 125 124 C26 H31 N2 O5 S
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1)

3,4-Dimethoxy-N-(3-(morpholinomethyl)benzyl}N-phenylbenzenesulfonamide (2b)

SB! V! 109dR
AONOONDITWWONLONVONUINITINOMMANONISENTN AN ANOITOONONIT O
CNOTHdUOLTNONEHOAITNONODONUONOODOITNTAODVOONWUONDNITOL DN LD
DY OMNONONNNAOONDARNNERDNNAAAAOCDNOOMNN O AHONNNAN cyrent Data Parameters
NNENNNNNNNNNNNNNOOCOCOOCCOSTTTTILILILTONMNNOMOMMAN E SB I VI 109dR
/% EXPNO 1
PROCNO 1

F2 ! Acquisition Parameters

Date_ 20130321
Time 10.40
INSTRUM spect
PROBHD 5 mm PABBO BB !
PULPROG 2930
D 65536
SOLVENT CDCI3
OMe NS 16
(@) DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz

N N AQ 4.0894465 sec

~ ~ S O M e RG 203
DW 62.400 usec
(@) DE 6.50 usec
2 TE 293.6 K
D1 1.00000000 sec
TDO 1
=== CHANNEL fl ========

SFO1  400.1424710 MHz
NUC1 1H

P1 13.50 usec
PLW1 16.00000000 W

F2 ! Processing parameters
65536

SI

SF 400.1400000 MHz
WDw EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

~ 4
o
o
~
w
N
-
o
k=]
°
3

10 9 8



3,4-Dimethoxy-N-(4-morpholinobenzyl)-N-phenylbenzenesulfonamide (2d)

SB! V! 88r1

TOOLTATONOND WO M MO © <
OFINTANAAO DI~ F N~ LD N NYMNOAO ©
NONNAHO OO DONNS  © DOON 0 Current Data Parameters
NNNNNNNNOOOO oo T OMmmmmm i NAME SB 11 88r1
\\ﬁ\/%/ ‘ \\/ / v EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130220
Time 13.43
O/\ INSTRUM spect
PROBHD 5mm PABBO BB!
PULPROG zg30
N OMe TD 65536
SOLVENT CDCI3
NS
Ds 2
N SWH 8012.820 Hz
~ FIDRES 0.122266 Hz
S OMe AQ 4,0894465 sec
O RG 203
2 DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
S 400.1424710
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 ! Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
L PC 1.00
L J A
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm

SB! V! 88c

ST OYQNTNONDD

SHS AMBARNASIAS Qar~ @ wvrown

NO® POBDBNINHIDS Sen~ @ H4odH0

533 23AJIJNIAS NNGS 6 ©SYQ

BRI RE R QR R Y NN 8 BB6HY
Current Data Parameters
IAME SB VI 88c
EXPNO 2
PROCNO 1
F2 | Acquisition Parameters
Date_ 20130219
Time 18.19

INSTRUM spect
PROBHD 5 mm PABBO BB!

PULI

PROG zgpg30
536

D 65!
SOLVENT CDCI3
NS 30
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

== CHANNEL f1
100.6253441 MHz
13C

9.00 usec
62.00000000 W
== CHANNEL 2

SFO2 400.1416006 MHz

NUC2 1
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters
S| 32768

SF 100.6152830 MHz
WDW EM

SSB

LB 1.00 Hz

GB

PC 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

174
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MeOH 15:07:31 26-Feb-2013

100~ 469.1796

o™
“”Q%KIZZZ

%
@)
N

309.1503

O“H“w“l‘”‘\””nH“‘!w”\‘\“\”‘\"H\H\‘H\H‘h“‘hwl“h"\H‘HH‘\H“\HHHH‘HHH‘u““”\h“w;”“mlz
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

2331 formula(e) evaluated with 5 resultithin limits (up to 100 closest results for each mass)
Elements Used:

C:1-150 H: 1150 N:16 0O:130 S:110

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

469.1796 469.1797 -0.1 -0.2 125 0.3 C25 H29 N2 O5 S
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N-Cyclobutyl-3,4-dimethoxy-N-(4-(morpholinomethyl)benzyl)benzenesulfonamide (3a)

SB! IV ! 44c

OMe

OMe

Current Data Parameters
NAME SB

LV
EXPNO
PROCNO 1

F2 ! Acquisition Parameters

Date_ 20120430
Time 15.43
INSTRUM spect

PROBHD 5 mm PABBO BB!

PULPROG zg30

™D 65536

SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz

FIDRES

A 3.9846387 sec
203

60.800 usec
DE 6.50 usec

298.1 K
D1 1.00000000 sec

P1 13.50 usec

SFO1

F2 | Processing parameters
SI 65536

SF 400.1400000 MHz
EM

0

LB 0.30 Hz
0

PC 1.00

10 9 8

SB! IV ! 44c

——152.40
——149.01

—137.77
_—132.00
——129.38

T——127.05
—120.92

_—11056
T—109.77

77.35
77.03
76.72

J

—29.23

——15.03

Current Data Parameters
NAME SB LIV 44c
EXPNO 3

PROCNO 1

F2 | Acquisition Parameters
Date_ 20120515
Time 23.52
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zgpg30

3

24038.461 Hz
0.366798 Hz
AQ 1.3631988 sec
203

20.800 usec

0.03000000 sec

1 44¢

0.125483 Hz

16.00000000 W
400.1424710 MHz

CHANNEL f1
NUC1 13C
P1

PLW1
SFO1

9.00 usec
62.00000000 W
100.6253441 MHz

CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2
PLW2
PLW12
PLW13
SFO2

90.00 usec
16.00000000 W
0.36000001 W
0.29159999 W
400.1416006 MHz

F2 ! Processing parameters
S| 32768

SF 100.6152830 MHz
WDW EM

0

LB 1.00 Hz
0

PC 1.40

200

ppm



100%MeOH+0.1%HCOOH 12:30:52 17-May-2012

100+ 461.2102

%
O
\ J

m’z<>

A

261.1974 921.4232
0“““‘w“‘w‘“‘w”“‘““'\“‘ N T P ey Mz
100 200 300 400 600 700 800 900 1000
ElementalComposition Report

L "
gl by
500

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

4674 formula(e) evaluated with 14 results within Isv{@ll results (up to 1000) for each mass)
Elements Used:

C:1-100 H: 1100 N: 115 O:1100 S:66

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

461.2102 461.2110 -0.8 -1.7 95 59 C24 H33 N2 O5 S
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N-Cyclobutyl-3,4-dimethoxy-N-(3-(morpholinomethyl)benzyl)benzenesulfonamide (3b)

SB! V! 92f

DT OMONOOTANTIUOITOUNST AT OOQOITINONNDOOLL M
MO ATNVOILTITNATNONONOMUO—TONWMOVOM AT NO®WO
SYTITANNNNANGOONONBNNNGORRCIIE06SDIBIIS  cyrent Data Parameters
NN NNNNNNENNN GO I IO NBBN O NAAAAAA A A A S NAME sB V1 92f
NN AR AR s e N

PROCNO 1

F2 ! Acquisition Parameters

Date_

Time

INSTRUM
PROBHD 5 mm PABBO BB!
PULPROG
TD

SOLVENT

10 ppm

SB! V! 92f

——152.36
——148.98
_—110.53
T——109.66
77.41
77.09
76.77
—29.22
——15.05

~
S~

Current Data Parameters
NAME SB v

EXPNO
PROCNO

20130312
20.47
spect

zg30
65536
CDCI3
6

2
8012.820 Hz
0.122266 Hz
4.0894465 sec
57

62.400 usec
6.50 usec

1.00000000 sec
1

CHANNEL f1 ===:
400.1424710 MHz
1H
13.50 usec
16.00000000 W

F2 ! Processing parameters
| 65536

400.1400000 MHz
EM

0.30 Hz
1.00

Vi 92f
1

F2 ! Acquisition Parameters

Date_
Time
INSTRUM

20130312
20.51
spect

Ci
PROBHD 5 mm PABBO BB!

PULPROG
TD
SOLVENT
NS
DS

SWH
FIDRES

zgpg30
5536
CDCI3
30

4
24038.461 Hz
0.366798 Hz

1.3631488 sec
203

20.800 usec
6.50 usec
294.4 K

TDO

2.00000000 sec
0.03000000 sec
1

CHANNEL f1

SFO1
NUC1
P1

PLW1

100.6253441 MHz
13C
9.00 usec
62.00000000 W
CHANNEL f2

SFO2

PCPD2
PLW2

PLW12
PLW13

SF
WDW

200 180 160 140 120 100 80 60 40 20

ppm

NUC2
CPDPRG[2

0

400.1416006 MHz
1H

waltz16

90.00 usec
16.00000000 W
0.36000001 W
0.29159999 W

F2 ! Processing parameters
Sl 32768

100.6152830 MHz
EM

1.00 Hz
1.40



80%MeOH 13:51:56 15-Mar-2013

100~ 461.2112

P dew

02 462.2266

%
z

463.2316

464.‘2493

4%0 4%2 4%4 4%6 45":8 4é0 4é2 ‘ 4é4 ‘ 4é6 4é8 4%0 4%2
Elemental Composition Report

0 m/z

SingleMass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

4668 formula(e) evaluated with 10 results within limits (all results (up to 60@pnch mass)
Elements Used:

C: 1150 H:23150 N:130 O:160 S:110

Minimum: -1.5
Maximum: 50 5.0 50.0
Mass Calc. Mass mDa PPM DBE -KIT Formula

461.2112 461.2110 02 04 95 243.0 C24 H33 N2 O5 S
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N-Cyclobutyl-3,4-dimethoxy-N-(2-(morpholinomethyl)benzyl)benzenesulfonamide (3c)

SB! V! 91cR

Currem Data Parameters
ME SB

'V 91cR
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130311
Time 21.14
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2g30

TD 65536
SOLVENT CDCI3
NS 16

DS 2

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 57

DW 62.400 usec

DE 6.50 usec

TE .

D1 1.00000000 sec

TDO 1
CHANNEL f1

SFO1 400.1424710 MHz

NUC1 1H

P1 13.50 usec

PLW1 16.00000000 W

F2 ! Processmg parameters
6553

SF
DW

~
~

400. 1400000 MHz
EM

0.30 Hz
1.00

10 3
SB! V! 91cR
&S 25 I3k 888353 3 9
a3 BE] RRE 528838 3 & i
N7 VWL

Current Data Parameters
NAME SB !

VI 91cR
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130311
Time 21.18
INSTRUM spect

PROBHD 5 mm PABBO BB!

PULPROG 2gpg30
™ 65536
SOLVENT cDCi3
NS 191

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
bW 20.800 usec
DE 6.50 usec
TE 2945 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
SFO1 100.6253441 MHz
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W
CHANNEL 2
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

SF
W

200

60

F2 ! Processing parameters
32768

100.6152830 MHz
EM

1.00 Hz
1.40



diluted in 50%ACN

100- 461.2095

%

181

16:22:35 25-Mar-2013

Elemental Composition Report

Single Mass Analysis

Tolerance =5.0PM / DBE: min =1.5, max =50.0

Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

OMe
(\N
o
556.2771
415.2137
330.1729
214.0934 ‘ | \
o S ““l"\‘“‘\"\““‘\““““‘l“h“\““‘“““““ 11174
100 200 300 400 500 600 800 900 1000

4668 formula(e) evaluated with 21 results within limits (up to 100 closest results for each mass)

Elements Used:

C:1-150 H: 1150 N:130 0O:160 S:110

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM

4612095 461.2110 -15 -33 95

-FIT Formula

C24 H33 N2 O5 S
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N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-N-phenylmorpholine-4-sulfonamide (5a)

SB! V! 82d

ONNTONITTOVDOODNINLOM @ O N~ o oW ©
TOVOILTALAOINO I LOM 00 O©O N © NN~
MONNNTNOROONNOINN  ©O© ©ons N Current Data Parameters
MNNNNMNNMNNMNNOOOOOVOOLLD S S mm M IR R NAME SB 1V 82d
==\VEZZEEP VTN
PROCNO 1
F2 ! Acquisition Parameters
Date_ 2013022
Time 13.36
INSTRUM spect
PROBHD 5mm PABBO BB!
PULPROG 2930
TD 65536
SOLVENT CDCI3
NS 12
DS 2
SWH 8012.820 Hz
O FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 161
DW 62.400 usec
DE 6.50 usec
TE .
2 D1 1.00000000 sec
TDO 1
CHANNEL f1
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 ! Processing parameters
Sl 65536
SF 400.1400000 MHz
WD EM
SSB
LB 0.30 Hz
GB
UL PC 1.00
1 A
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! V! 82d
83385839 sNo ¥ g g w
SIPDN O NGO |er o © 0 @
LLLLELLE RRE 8 8 ¢ IN
Current Data Parameters
ME SB 1wt 82d
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date. 20130219
Time 18.26
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 20pg30
TD 65536
SOLVENT CDCI3
NS 46
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
bw 20.800 usec
DE 6 50 usec
TE 3K
D1 2. 00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
SFO1 100.6253441 MHz
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W
CHANNEL f2
SFOZ 400.. 1416006 MHz
UC2
CPDPRG[Z waltzlﬁ
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
F2 | Processing parameters
SI 32768
SF 100.6152830 MHz
WDW EM
SSB
LB 1.00 Hz
GB
T T T T T T T T T T T PC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm



18¢

MeOH 14:59:03 26-Feb-2013
100- 415.1695
(@]
oo
A N\ /N
437.1509 S \)
= 02
432.2029
oL il ) el iz

1305 400 405 410 415 420 425 430 435 440 445 450 455 460 465
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBEin =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

1658 formula(e) evaluated with 7 results within limits (up to 100 closest results for each mass)
Elements Used:

C:1-150 H: 1150 N:16 0O:130 S:110

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

415.1695 415.1692 03 0.7 105 1.3 C22 H27 N2 O4 S



184

4-(4-Bromobenzyl)morpholine (7a)

SBIIV!110
INESEeo X)) MmO ©
NO O~ MM © o o)}
NS A ©oox « Current Data Parameters
M~~~ MMM N NAME SB 1IV1110
NV N7
PROCNO 1
F2 ! Acquisition Parameters
N Date_ 20120726
Time 13.24
INSTRUM spect
O PROBHD 5 mm PABBO BB!
Br PULPROG 2930
TD 65536
SOLVENT CDCI3
NS 6
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 50.8
DW 62.400 usec
DE 6.50 usec
TE 299.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
S| 65536
SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB 0
b PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! V! 110
588 § voN Tw ©
©¢dS o wNe oo 1
388 o Rk 88 B

Current Data Parameters
NAME SB 'v!1110
2

PROCNO 1

F2 ! Acquisition Parameters
Date_ 20120726
Time 13.26
INSTRUM spect
PROBHD 5 mm PABBO BB !
PULPROG 2gpg30

536

D 65!
SOLVENT CDCI3
NS 27

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
R 203
DW 20.800 usec
DE 6.50 usec
TE 299.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

= CHANNEL f1
SFO1 100.6253441 MHz
NUC1 13C
P1

9.00 usec
PLW1 62.00000000 W

CHANNEL 2
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 16.00000000 W

PLW12 0.36000001 W

PLW13 0.29159999 W

F2 ! Processing parameters
| 32768

SF 100.6152830 MHz
WDW EM

y " o 258 o
LB 1.00 Hz
GB 0

T T T T T T T T T T T PC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm



18t

100%MeOH+0.1%HCOCH 13:20:16 21-Feb-2012

100~ 256.0333

%

170.9654 409.1634
O‘HH\“‘\H“\H”“"H\HHN“H\L“H\HH\HH‘H‘Hi“”HH\HHHH\HHH“\“““H\m/Z
100 200 300 400 500 600 700 800 900 1000

100%MeOH+0.1%HCOOH 13:20:16 21-Feb-2012
K
257.0379 | 259.0369
0 T T T T T T T T 1 T T T ™ miz
248 250 252 254 256 258 260 262 264 266

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0

Element prediction: Off

Number of isotope peaks used fefliT = 3

Monoisotopic Mass, Even Electron lons

106 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-100 H: 1100 N: 115 O:120 Br:15

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

256.0333 256.0337 -04 -16 45 16 Cl11 H15 N O Br



3-(2-Bromobenzyl)morpholine (7b)

ZD 77

OMITOH0ODO M NN © <t
LMAOO0M—AO O <t M 0 ©
NOONAdAAdAA Loom N Current Data Parameters
Dl Al Al Al Al Al MmMmomom N NAME ZD 11177
\\“\ % W / ‘ EXPNO 1
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130213
Time 9.53
INSTRUM spect
O PROBHD 5 mm PABBO BB'!
PULPROG 2930
TD 5536
N SOLVENT cDCI3
Br NS 8
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 11.3
DW 62.400 usec
DE 6.50 usec
TE X
D1 1.00000000 sec
TDI 1
== = CHANNEL f1 ==;
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
Sl 65536
SF 400.1400000 MHz
WD! EM
SSB
LB 0.30 Hz
GB
) L PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
ZD 1V 77
WwodYs©
< ON®©OOS ~WM SO © o
S doora QMO ORO 1y N
3 33888 RRRE8S B ¢
Current Data Parameters
NAME ZD 77
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130213
Time 9.55
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zgpg30
TD 6
SOLVENT CDCI3
NS 16
DS
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 293.0K
D1 2.00000000 sec
D11 0.03000000 sec
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W
CHANNEL f2 ==
SFO2 400.1416006 MHz
NUC2 1H
CPDPRGJ[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
F2 ! Processing parameters
S 32768
SF 100.6152830 MHz
WD EM
SSB
LB 1.00 Hz
GB
\ \ \ \ \ \ \ \ \ \ \ PC 140
200 180 160 140 120 100 80 60 40 20 0 ppm



90%ACN+0.1%HCOOH 16:27:04 31-Oct-2012
100~ 256.0348 556.2771
oY
LN
Br
O\Q,
437.1958
‘ 181.9817 ' 491'6388 }
O-H—te i ‘m‘\u‘\\‘w u‘.‘”\n‘\h‘u\\ ey 1) ‘H\“‘l\“ oh by \u‘\\‘\ S ‘\‘ b ‘.1\ e m/z
100 200 300 400 500 600 700 800 900 1000
90%ACN+0.1%HCOOH 16:27:04 31-Oct-2012
100~ 256.0348 258.0333
K3
257.0370 259.0383
254.0910 55,0269
00— \ ™ \ i \ \ T \ \ \ m/z
253 254 255 256 257 258 259 260 261 262 263

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and EvEfectron lons

106 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C: 1200 H:1200 N:1220 O:130 Br:15

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

256.0348 256.0337 11 43 45 07 Cl11 H15 N O Br



18¢

4-(2-Bromobenzyl)morpholine (7¢)

ZD 1178

ANNOOWOWOHIDDO LN ~OWBN N

MO~ MO0 OO o O N~ o) 0

LMY YNANNOOQO ~Noow NS Current Data Parameters

D el el e e e e Rl R mMmmom NN NAME ZzD 178

\\\ / m% \/ / \/ EXPNO 1
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130213
Time 9.57
INSTRUM spect
PROBHD 5 mm PABBO BB!
r PULPROG zg30

TD 65536
SOLVENT CDCI3
NS 9

DS 2
N SWH 8012.820 Hz
FIDRES ~ 0.122266 Hz
AQ 4.0894465 sec
O RG 113
DW 62.400 usec

DE 6.50 usec
TE .

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 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
ZDi 1178
NREHRT

77.00
——67.04

—62.19
——53.60

Current Data Parameters
NAME ZD !

1178
EXPNO
PROCNO 1
F2 | Acquisition Parameters
Date_ 20130213
Time 9.58
INSTRUM spect

PROBHD 5 mm PABBO BB !
PULPROG 2gpg30

™D 65536
SOLVENT CDCI3
NS 16

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631488 sec

RG 203

DW 20.800 usec

DE 6.50 usec

TE 293.1K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1
CHANNEL f1 ==

SFO1 100.6253441 MHz

NUC1

P1 9.00 usec

PLW1 62.00000000 W
CHANNEL 2 ==

SFO2 400.1416006 MHz
1H

NUC2

CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters
| 32768

SF 100.6152830 MHz
WDW EM

0
LB 1.00 Hz

0
T T T T T T T T T T T PC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm



100%MeCOH 18:26:34 10-Aug-2012

100+ 256.0348

Br

%

338.3443
173.0976

556.2771
0 bbb bbb, 0T 675.6744 iz

100 200 300 400 500 600 700 800 900 1000
ElementalComposition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

106 formula(e) evaluated with 1 results within lin{ei results (up to 1000) for each mass)
Elements Used:

C:1-200 H: 1200 N: 115 O:1100 Br:15

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

256.0348 256.0337 11 43 45 05 Cl11 H15 N O Br



4-(Morpholinomethyl)benzaldehyde (8a)

SBI IV!30

9.958

QN

O

—7.498
7.479
7.279

=~
N

7.816
47.797

7 N\

CHO

Current Data Parameters
NAME SB Hv130
EXPNO

PROCNO 1

3.684

3.675
3542
—2.426

£

F2 ! Acquisition Parameters
Date_ 20120420

Time 15.49
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG 2930

TD 65536

SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

3.9846387 sec
20.2

DW 60.800 usec
DE 6.50 usec

298.2 K
D1 1.00000000 sec

= CHANNEL f1 =
1H

13.50 usec
16.00000000 W
400.1424710 MHz

SFO1

F2 | Processing parameters
S| 65536

SF 400.1400000 MHz
WDW EM

SSB 0
LB 0.30 Hz
0

PC 1.00

SB'IV! 30

191.90

——145.27

s
<
<

ppm

77.48
77.16
76.84
——66.89
——62.98
——53.63

Current Data Parameters
ME SB L

V130
EXPNO
PROCNO 1

F2 ! Acquisition Parameters
Date_ 20120420

Time 15.51
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 29

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

A 1.3631988 sec
203

DW 20.800 usec
DE 6.50 usec
TE 298.4 K

D1 2.00000000 sec
D11 0.03000000 sec

Pl 9.00 usec
62.00000000 W
100.6253441 MHz

= CHANNEL f2 ==;
CPDPRG2 waltz16
1H

90.00 usec
16.00000000 W
0.36000001 W
0.29159999 W
SFO2 400.1416006 MHz
F2 ! Processing parameters
Sl 32768

SF 100.6152830 MHz
WDW EM

- SSB 0
e LB 1.00 Hz
0

PC 1.40

200

180 160 140

120 100 80 60 40 20 0

19C



191

in 100%MeOH+0.1%HCOOH 16:01:58 24-Apr-2012

100~ 206.1182

i
o) N | CHO

%

556.2771
311.1400383.1760 499.2428 ‘
m Lm ! bt gl m.\\h R o )
e e e A L B e e w1174
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBHin =-1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

181 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-:100 H:1-100 N: 115 O:135 80Se:d

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

206.1182 206.1181 01 05 55 50 Cl12 H16 N O2



192

3-(Morpholinomethyl)benzaldehyde (8b)

SB! V! 80b
< NS LOOMS O~ mn o ©
N ~NOOWMANO®© N O o)
@ AR ©oumn @ Current Data Parameters
(e2} NNNNNNNN [seNep} N NAME SB 1'V! 80b
\\\ / % \ / ‘ EXPNO 1
PROCNO 1
F2 | Acquisition Parameters
Date_ 20130216
Time 18.32
INSTRUM speci
PROBHD 5mm PABBO BB!
o PULPROG zg30
TD 65536
SOLVENT CDCI3
_ N NS 12
DS 2
CHO SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 18
DW 62.400 usec
DE 6.50 usec
TE i
D1 1.00000000 sec
TDO 1
= CHANNEL f1 ==
400.1424710 MHz
1H
13.50 usec
16.00000000 W
F2 ! Processmg paramelers
Sl
SF 400. 1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! V! 80b
n MO O N~
& VI AN O aNg 98 98
o PO WS wWWD nNG Mo S0
@ MmMmmoOHNN ~~©o oo ™Mo
3 PEpkRERER R ~NRR ©& i
Current Data Parameters
ME V! 80b
EXPNO
PROCNO 1
F2 | Acquisition Parameters
Date_ 20130216
Time 18.34
INSTRUM spect

PROBHD 5 mm PABBO BB!
PULPROG zgpg30
5536

D 6!
SOLVENT CDCI3
5

NS
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 298.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

== CHANNEL f1 ===
SFO1 100.6253441 MHz

3C

9.00 usec
62.00000000 W

= CHANNEL f2 ===:
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16

PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
’ ‘ PLW13 0.29159999 W

F2 ! Processmg paramelers
3276

SF 100. 6152830 MHz
D

w
SSB 0
LB 1.00 Hz
GB 0

T T T T T T T T T T T PC 1.40

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



19¢

MeOH 14:10:36 26-Feb-2013
100+ 238.1454

o

378.2615

0 \I\‘I.\ ‘\\\‘.‘\\‘u“\“‘w“‘\H\‘ o ‘H‘H‘H‘““‘HH‘HH HH‘HH“\;H"HH —— mlz

100 200 300 400 500 600 700 800 900 1000
MeOH 14:10:36 26-Feb-2013
100~ 206.1183

%

207.1209

T m/z

1;38 260 262 264 266 268 210 2‘12 2i4 2i6
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotop@eaks used forkIT = 3

Monoisotopic Mass, Even Electron lons

105 formula(e) evaluated with 1 results within limits (up to 100 closest results for each mass)
Elements Used:

C:1-150 H: 1150 N:16 O:2130

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

206.1183 206.1181 02 10 55 85 Cl12 H16 N O2



2-(Morpholinomethyl)benzaldehyde (8c)

SBl V! 17c1
™
~ TN O SO D MAN O
™ NOWLMMNL SN O 0 N~ ()]
S QO LMMMM M~ nin Mo Current Data Parameters
— Ll el Al Al el el |mmom NN NAME SB 'V 17¢c1
\\ / % \ \/ \/ EXPNO 1
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20121120
Time 11.38
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG zg30
TD 65536
SOLVENT CDCI3
C H O NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
N RG 36
DwW 62.400 usec
O\) DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
==: == CHANNEL f1 =:
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
Sl 65536
SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
A
T T T T T T T
10 9 8 7 6 4 3 1 0 ppm
SBI' V! 17c1
8 83883 QYN N0 0 A~
=] SWOEOBN NG 0© O N
2 3933489 RRie 88 8 88
Current Data Parameters
NAME SB 'V 17c1
EXPNO 3
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20121120
Time 11.42
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 1
DS
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
bDw 20.800 usec
DE 6.50 usec
TE 298.1K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 =
SFO1 100.6253441 MHz
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W
= = CHANNEL f2 =
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
F2 ! Processing parameters
| 32768
SF 100.6152830 MHz
'WDW EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T PC 1.40
200 180 160 140 120 80 60 20 0  ppm

194



19t

90%MeOH+0.1%HCOOH 15:48:53 05-Dec-2012
100+ 206.1186

368.1570
464.2424 CHO

K\ N
318.1696
556.2771 O\)

%

267.1175
7\ L. 0791 L), ’ | L ‘ “ ‘ ‘\ 690.1904
O A o o e e B o A "H“\HHHH\‘Hw‘”wH‘w“‘wm/Z
100 200 300 400 500 600 700 800 900 1000
90%MeOH+0.1%HCOOH 15:48:53 05-Dec-2012
100, 206.1186
| 368.1570
464.2424
ST 1220.1336
] 318.1696
556.2771
267.1175 340.1486 447.2196
Al 2882916 | \ | 384 1297 415, 2064 L \ \
0 T NSRS L LA A LS L M AN LA MR LA AN ey Hee e m/z

200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

145 formula(eevaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-200 H: 1200 N:120 O: 130

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

206.1186 206.1181 05 24 55 55 Cl12 H16 N O2



N-(4-(morpholinomethyl)benzyl)aniline (9a)

SB IV!37a
LWOOOAITANNIOO O o 0 <
TANHON~NON~NONO O O < < o ~
ONNAHANNNNSNNOO 0 ~o N Current Data Parameters
NNNNN GG © 6666 C < mm N NAME 1|V!37a
TN\ =" |V | Proc
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120426
Time 11.04
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG 2930
65536
SOLVENT CDCI3
NS 7
N DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
(@) NH AQ 3.9846387 sec
RG 40.3
DwW 60.800 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
CHANNEL f1
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
SFO1 400.1424710 MHz
F2 ! Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB IV!37a
g JRBIFLBRAB og~ yu oo
® FOCIDNO®NWN o~ Od e o
3 833883334 KRR B8 8¢
Current Data Parameters
NAME SB 1IV137a
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120426
Time 11.06
INSTRUM spect

PROBHD 5 mm PABBO BB!
PULPROG zgpg30
536

TD

SOLVENT CDCI3
NS 22

DS

SWH 24038.461 Hz
FIDRES 0.366798 Hz
Al

Q 1.3631988 sec
RG 203
bw 20.800 usec
DE 6. 50 usec
TE 298.3 K
D1 2.00000000 sec

D11 0.03000000 sec

CHANNEL f1 ==
13C

Pl 9.00 usec
PLW1 62.00000000 W
SFO1 100.6253441 MHz

== CHANNEL f2 ==:
CPDPRG2 waltz16
NUC2 1H

PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
SFO2 400.1416006 MHz

F2 ! Processing parameters
Sl 32768

ISF 100.6152830 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

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

19¢€



N-(3-(Morpholinomethyl)benzyl)aniline

SB! V! 107d

CONTONLNMS LD DD 00 €0
OFTNONOSTHONIMANO© S N -
NMOANNNNAANNN O O N~
NNNNNNNNNNG GG OO ™ o™

—4.350

<

3516
—2.452

T —

Lt d _J*Jk

Current Data Parameters
NAME SB

'V 107d

EXPNO
PROCNO 1
F2 | Acquisition Parameters
Date_ 20130319
Time 13.06
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG Zg30
TD 65536
SOLVENT CDC|3
NS
DS
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 101
DW 62.400 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
TDO 1

= CHANNEL f1
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec

PLW1 16.00000000 W

o 4
ul
IN
w
N
=

10 9 8 7
SB! V! 107d
woomotmm
<THANO®O MW O
SHOBD DO N @or
MONNNNN ~~©
8388888 NN

——148.12
——66.99
——63.36
——53.62
——48.26

<
\

F2 | Processing parameters
S| 536
SF 400. 1400000 MHz
WD
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
ppm

Current Data Parameters
NAME SB 'V 107d
4

PROCNO 1

F2 ! Acquisition Parameters
Date. 20130319

Time 13.08

INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG zgpg30

D
SOLVENT CDCI3
NS 30

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631488 sec

RG 203

DW 20.800 usec

DE 6.50 usec

TE 2948 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1
CHANNEL f1 =

SFO1 100.6253441 MHz

NUC1 13C

P1 9.00 usec

PLW1 62.00000000 W

= = CHANNEL f2
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
F2 ! Processing parameters
SI 32768

SF 100.6152830 MHz
WDwW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

200 180 160 140 120 100 80 60 40 20

ppm




19¢

80%MeOH 14:18:33 15-Mar-2013

100- 283.1809

%

433.1469

O\\\\\\\\“\\‘\\‘\\‘\\““\\\\\\\‘\‘\‘\ 1
100 200 300 400

Elemental Composition Report

— m/z

500 600 700 800 900 1000

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

363 formula(e) evaluated with 3 rdisuwithin limits (up to 100 closest results for each mass)
Elements Used:

C:1-150 H: 1150 N: 130 O: 160

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

283.1809 283.1810 -01 -04 85 17 C18 H23 N2 O



N-(2-(Morpholinomethyl)benzyl)aniline (9c)

SB! VI 93b! dry

STOMONS I LIO0O o N ~ - oo}
LONOWOLO ML ~ (o2} [Telng o
NNMMONNNNNMN ™ @ ~ 0 0 Current Data Parameters
MNNNMNNNNNN~ OO [T} <t Mmm N AME SB VI 93b!dry
I I R T Procio
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130305
Time 16.10
INSTRUM spect
PROBHD 5 mm PABBOBB'!
PULPROG 2930
TD 65536
SOLVENT CDCI3
NS 16
N H DS 2
SWH 8012.820 Hz

FIDRES 0.122266 Hz
A 4.0894465 sec
57

bW 62.400 usec
N DE 6.50 usec
TE 293.4K
O\) D1 1.00000000 sec
TDO 1

= CHANNEL f1 =:
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec

PLW1 16.00000000 W

F2 | Processing parameters
SI 65536

SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB 0
L PC 1.00
i*/\
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! VI 93b! dry
SRBE]AVT o
........ 388

——148.64
—67.10
——61.66
——53.50
——46.94

e
~

Current Data Parameters
E 1'V193b! dry
EXPNO 2

PROCNO 1

F2 ! Acquisition Parameters

Date_ 20130305

Time 16.12

INSTRUM spect

PROBHD 5 mm PABBO BB !

PULPROG 2gpg30
65536

TD
SOLVENT CDCI3
NS 22

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 293.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =:
SFO1 100.6253441 MHz
NUC1 3C

9.00 usec
62.00000000 W

CHANNEL f2 =:
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 ! Processing parameters
Sl 32768

SF 100.6152830 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T T T PC 1.40

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



20C

in 90%MeOH 17:58:03 05-Mar-2013

¢

NH

100+ 283.1805

%

190.1219 (\
N
0.

OHHHH“\HHH“‘\HHHH\HH\HH\HHHH\H“‘HH\HHHH\HHHH\HHH‘wm/Z
100 200 300 400 500 600 700 800 900 1000
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

363 formula(e) evaluated with 2 results within limits (up to 100 closest results for each mass)
Elements Used:
C: 1150 H: 1150 N:130 O:160

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

283.1805 283.1810 -05 -18 85 124 C18 H23 N2 O



201

N-(4-Morpholinobenzyl)aniline (9d)

ZDl 1! 75¢

MNOOMNMNANMSTOMS AN AN~ © O 0 N~

SASTNOLOMO OO VWO OO 0N~ —

AR RR I NO O Q N Current Data Parameters

NN (G 66 O©O B e Kol Nl o NAME 7D V11 75¢

=\ WV Procto "
PROCNO 1

F2 | Acquisition Parameters
Date_ 20130212

Time 1153
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zg30

TD 65536
SOLVENT CDCI3
NS 15

DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
NH AQ 4.0894465 sec
RG 40.3
DW 62.400 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
TD 1
======== CHANNEL f1 ==
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
S| 65536
SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
— A
T T T T T
10 9 8 7 6 5 ppm
ZD! 1! 75¢
38 538 Que 1 o
S NN NI S Q
B Sdd NG © o
[ N2
Current Data Parameters
NAME zD 11175¢
EXPNO 2
PROCNO 1
F2 | Acquisition Parameters
Date_ 20130212
Time 11.55
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zgpg30
TD 6
SOLVENT CDCI3
NS 24
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 2945 K
D1 2.00000000 sec
D11 0.03000000 sec
1
SFO1 100.6253441 MHz
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
F2 ! Processing parameters
S| 32768
SF 100.6152830 MHz
DW EM
SSB 0
LB 1.00 Hz
GB
\ \ \ \ \ \ \ \ \ \ \ P 140
200 180 160 140 120 100 80 60 40 20 0 ppm



diluted in MeOH+0.1%HCOOH 17:08:59 12-Feb-2013

100, 2691659

%

307.‘1261 397.‘2198 444.‘2669 556.2771
0 1) RRRISEE M- ‘ e | IR

A AL A R SN A A LA LA AR R A A LR AR R A SRR AR prITiTTT
ZéO ZéO | 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
diluted in MeOH+0.1%HCOOH 17:08:59 12-Feb-2013
100~ 176.1049
K
269.1659
0 ‘H‘w‘H‘”\““le“!“w“”‘ 5 e g B
100 200 300 400 500 600 700 800 900

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Numberof isotope peaks used foFIT = 3

Monoisotopic Mass, Odd and Even Electron lons

20z

313 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each mass)

Elements Used:
C:1-150 H: 1150 N:130 O:130

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE FFRIT Formula

269.1659 269.1654 05 19 85 nla C17H2IN20O

N-(4-(Morpholinomethyl)benzyl)cyclobutanamine (10a)



SB! IV 39a

7.315
7.299
7.261

e
N

20¢

Current Data Parameters
NAME SB

IV 39a

EXPNO 1
PROCNO 1
F2 | Acquisition Parameters
Date_ 20120425
Time 16.37
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG Zg
TD 65536
SOLVENT CDCI3
NS G
DS
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 25.4
DW 60.800 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec

== CHANNEL f1

1H

P1 13.50 usec

PLW1 16.00000000 W
SFO1 400.1424710 MHz

F2 ! Processing parameters
S 65536

SF 400.1400000 MHz
W EM

10 9 8 7 6

SBIV! 39a

77.42
77.10
76.78
——66.99
—63.17
——53.58
——50.75
——44.68
31.25
31.10
15.04
14.79

_
~
-
-

D
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
ppm

Current Data Parameters
NAME

11V!39a
EXPNO
PROCNO 1
F2 | Acquisition Parameters
Date, 20120
Time 16.: 40
INSTRUM spect

PROBHD 5 mm PABBO BB !
PULPROG zgpg30
TD 65536

SOLVENT CDCI3
NS 26

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

bW 20.800 usec
DE 6.50 usec
TE 298.2 K

D1 2.00000000 sec
D11 0.03000000 sec

P1 9.00 usec
PLW1 62.00000000 W
SFO1 100.6253441 MHz

CHANNEL f2 =
CPDPRG2 waltz16
NUC2 1H

PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
SFO2 400.1416006 MHz

F2 ! Processmg parameters
3276

SF 100. 6152830 MHz
DW

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

200 180 160 140 120

ppm



204

in 100%MeQOH+0.1%HCOOH 17:49:34 26-Apr-2012

100 261.1961

O
2,

NH

190.1224

400.?313 556.?771
HH‘H‘H“‘HH' T 4
100 200 300 400 500
Elemental Composition Report

b e MYZ
600 700 800 900 1000

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Evenlé&ctron lons

284 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-100 H: 1100 N: 115 O: 1100

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

261.1961 261.1967 -06 -23 55 7.3 C16 H25 N2 O



20¢

N-(3-(Morpholinomethyl)benzyl)cyclobutanamine (10b)

SB! V! 90
THOWOMN~OD ONDAN OO AN S S O
NOOWOMO W VON—HONNANMNM—TO MO LN
MONNNNA OITONNTNNNNNNOOO Current Data Parameters
[ Dl Al el e Al MMOOMOMMOMANNNNAAAAAA NAME SB 11 90
> SN e
PROCNO 1
F2 | Acquisition Parameters
Date_ 20130221
Time 16.24
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2930
TD 65536
SOLVENT CDCI3
O NS 16
DS 2
N N H SWH 8012.820 Hz
~ FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 28.5
DW 62.400 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
Sl 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
b H PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! V! 90
F2883I83R8 CtNDOLNANEND Qoo
SENYO DD @ I IIRRRIIONCOe OO
EEEEERRRRRIY RRREEBBBERRR ®RR]R

_—1481
T—14.12

Current Data Parameters
NAME SB 'V 90

EXPNO

PROCNO 1

F2 ! Acquisition Parameters
Date_ 20130221

Time 16.27
INSTRUM spect

PROBHD 5mm PABBO BB!
PULPROG zgpg30

TD 5536
SOLVENT CDCI3

NS 25

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 298.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO

== CHANNEL f1 =
SFO1 100.6253441 MHz
NUC1 13C
P1

9.00 usec
PLW1 62.00000000 W
== CHANNEL f2 =:
400.1416006 MHz
1H

CPDPRG[2 waltz16

90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 ! Processing parameters
S| 32768

SF 100.6152830 MHz
WDW EM

SSB 0
LB 1.00 Hz
GB 0

T T T T T T T T T T T P 1.40

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



20¢€

in 90%MeOH 17:37:00 05-Mar-2013

100~ 261.1963

%

Ll

Ot I L e B N BN N ““\‘““ 1 M/z
100 200 300 400 500 600 700 800 900 1000

ElementalComposition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

286 formula(e) evaluated with 2 results within lin{ii to 100 closest results for each mass)
Elements Used:

C:1-150 H: 1150 N: 130 O: 160

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM BE FFRIT Formula

261.1963 261.1967 -04 -15 55 25 C16 H25 N2 O



N-(2-(Morpholinomethyl)benzyl)cyclobutanamine (10c)

SB!l VI 91
0O N DAITTOMNONNOO S
O 00— O © NSO ON~NMON~OW0OM
NANANN QOTANNY AN O © O Current Data Parameters
[l el MOOMOMOMANNNAAAA NAME SB 1V 91
N\ NN
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130221
Time 16.29
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG 2930
TD 65536
SOLVENT CDCI3
NH NS 9
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
N RG 16
bW 62.400 usec
DE 6.50 usec
O TE 297.9K
D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ===:
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
S| 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SBI VI 91

Current Data Parameters
NAME SB v

EXPNO

PROCNO 1

F2 ! Acquisition Parameters
Date_ 20130221

Time 16.31
INSTRUM spe

ct
PROBHD 5 mm PABBO BB!
PULPROG zgpg30

TD
SOLVENT CDCI3
NS 21

DS
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
Dw 20.800 usec
DE 6.50 usec
TE 298.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

== CHANNEL f1 =:
SFO1 100.6253441 MHz
NUC1 13C
P1

9.00 usec
PLW1 62.00000000 W
== CHANNEL f2 ===:
400.1416006 MHz

NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters
[ ] 32768
SF 100.6152830 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T T T PC 1.40

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



20¢

in 90%MeOH 18:08:53 05-Mar-2013

N

NH

1004 261.1962

%

N

190.1213 O

OHH\H\H‘\HH“"‘lw”“‘Hw"“‘HH\HH‘HH\HHHH\HHH‘w““HH\HHHH\m/Z
100 200 300 400 500 600 700 800 900 1000
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBHin =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

286 formula(e) evaluated with 2 results within limits (up to 100 closest results for each mass)
Elements Used:

C:1-150 H1-150 N: 130 O: 160

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

261.1962 261.1967 -05 -19 55 1.6 C16 H25 N2 O



N-(4-Morpholinobenzyl)cyclobutanamine (10d)

MeOH

 247.1819
100 309.1494

C
oA

349.1414

332.2514 415.2121

\‘\ [ RN | |
LS TR A e

0 ;‘“MNW"J I

i, ‘\

20¢

14:20:04 26-Feb-2013

556.2771

578.2584

PR e P e e e MY Z

220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0

Element prediction: Off
Number of isotope peaks usext -FIT = 3

Monoisotopic Mass, Even Electron lons

153 formula(e) evaluated with 1 results within limits (up to 100 closest results for each mass)

Elements Used:
C:1-150 H: 1150 N:16 O: 130

Minimum: -1.5
Maximum: 50 5.0 50.0
Mass Calc. Mass mbDa PPM
247.1819 247.1810 09 36 55

DBE
70.6

-FIT Formula
C15 H23 N2 O



21C

2,2-Dimethyl-2H-chromene6-carbaldehyde (11)

JH!' | 1 50ca

~ NYTODOWOWHO O <

N NMANNLL 0O O 0 ~

«Q ©QOUNOQMMNQ < Current Data Parameters

o N~~~ 0000w ~ NAME JH 1'1150ca

| NV

PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130118
Time 9.45
INSTRUM spect
PROBHD 5 mm PABBO BB!

O PULPROG 2930
D 65536
SOLVENT CDCI3
NS 16

N DS 2
CHO SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 50.8
DW 62.400 usec
DE 6.50 usec
TE X
D1 1.00000000 sec
TD! 1
SFO1 400.1424710 MHz
NUC1 H
P1 13.50 usec
PLW1 16.00000000 W
F2 ! Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
(SR

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



N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-2-morpholinoethanamine (12a)

SB! V! 84

7.200
7.179

7.145
7.124
7.010
6.990
6.940
6.904
6.702
6.682
6.280
6.255
5.586
5.561
3.720
3.657
3.639
3.089
2.656
2.641
2.547
2.466
2451
2.437
2.346
1.966
1.605
1.389

4490

Current Data Parameters
NAME SB 'V 84
EXPNO

PROCNO 1

RSN RE 2 EEAE S

/
\

F2 ! Acquisition Parameters

Date
Time

INSTRUM
PROBHD 5mm PABBO BB!
PULPROG

D
SOLVENT
NS

DS
SWH
FIDRES

DW

20130

15. 50
spect

2930
65536
CDCI3
10

2
8012.820 Hz
0.122266 Hz

4.0894465 sec
18

62.400 usec
6.50 usec

D1 1.00000000 sec

SFO1 400.1424710 MHz
NUC1 1H

P1 13.50 usec
PLW1 16.00000000 W

F2 | Processing parameters
SI 65536

SF 400.1400000 MHz
WDW EM

0
LB 0.30 Hz
0

PC 1.00

10

SB! V! 84

——154.50
——151.96
134,
132,
130.
128
128
127
126.
125.
122,
121
121
116.
——57.92
_—>53.60
44.90
44.81

5318
e

_—29.57
——27.92

Current Data Parameters
NAME SB 'vig4
EXPNO 2

PROCNO 1

F2 | Acquisition Parameters
Date 20130216
Time 15.53
INSTRUM spect
PROBHD 5 mm PABBO BB !
PULPROG zgpg30

6

™D
SOLVENT CDCI3
NS 15

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631488 sec
G 203

DW 20.800 usec

DE 6.50 usec

TE 298.5K

D1 2.00000000 sec

D11 0.03000000 sec
1

SFO1 100.6253441 MHz
13C

P1 9.00 usec
PLW1 62.00000000 W

SFO2 400.1416006 MHz

NU 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 ! Processing parameters
S| 32768

SF 100.6152830 MHz
WDW EM

B 0
LB 1.00 Hz
0

200

. PC 1.40
160 140 120 100 80 60 40 20 0 ppm

211



21z

MeOH 14:26:13 26-Feb-2013

100+ 303.2063

®

%

173.0970

L e s B e o B B \L\\ T MYZ

100 200 300 400 500 600 700 800 900 1000
MeOH 14:26:13 26-Feb-2013
100+ 303.2063

S

304.2091
0 m/z

2é9 360 361 362 363 364 365 366 367 368 369 SiO 3i1 3i2
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaksed for iFIT = 3

Monoisotopic Mass, Even Electron lons

234 formula(e) evaluated with 1 results within limits (up to 100 closest results for each mass)
Elements Used:

C:1-150 H: 1150 N:16 O:2130

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

303.2063 303.2073 -1.0 -33 65 226 C18 H27 N2 O2



21

1)

N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3-morpholinopropan-1-amine (12b)

SB! V! 85

STt ANSTIOW0 00t N0 [{oQTe) HOWUOUOHOSOM

VONODODNVOVOLOMWOM ON MOMOSNIDMO O

HHHHQ@@&OQNNLOLO QD.LO @mmm@@@mm Current Data Parameters

NNNN© 666660610610 Mo NNNNo oA NAME S8 VI 85

\\// // / \/ \\\/ \\/// PROCH '
PROCNO 1

F2 ! Acquisition Parameters
Date_ 20130:

Time_ 15. 55
INSTRUM spect
PROBHD 5mm PABBO BB!

PULPROG 230
O D 65536
SOLVENT coci3
NS 12
N DS 2
SWH 8012,820 Hz

FIDRES 0.122266 Hz
AQ 4.0894465 sec
O RG 18
bDw 62.400 usec
DE 6.50 usec
TE 297.7K
N H D1 1.00000000 sec
AN TDO 1

CHANNEL f1
SFO1 400.1424710 MHz
NUC1 1H

Pl 13.50 usec
PLW1 16.00000000 W

F2 ! Processing parameters
SI 65536

SF 400.1400000 MHz
EM

WD
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SBI VI 85
3982388993 PN RO 00
""""" HNHRO KO M MMM @
o
<+ <

——154.44
——151.90
134
132
130.
128
128
122
121
121
116,
86.
77.
77.
76.
76.
73,
72,
66.

Vi
Z
12
A
<
N
NS
57
53
~—53
~
2955

—27.91

T~—26.41

Current Data Parameters
NAME SB 'V 85
EXPNO 2

PROCNO 1

F2 | Acquisition Parameters
Date 20130216

Time 15.57

INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG 20pg30

™D 65536

SOLVENT CDCI3
NS

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203

bW 20.800 usec
DE 6.50 usec
TE 298.6 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

SFO1 - 100.6253441 MHz
C

9.00 usec
PLW1 62.00000000 W

51202 400.1416006 MHz
H

CPDPRG[Z waltz16

PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 ! Processing parameters
S| 32768

SF 100.6152830 MHz
WD EM

SSB 0

LB 1.00 Hz

GB 0

T T T T T T T T T T T PC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
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MeOH 14:37:29 26-Feb-2013

100- 317.2237

%
g
%\j

761.3512

0 HH\H“H\HH e ‘“‘\‘“‘\“‘“‘\“““\‘\“‘\““ e miz
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Masszven Electron lons

255 formula(e) evaluated with 1 results within limits (up to 100 closest results for each mass)
Elements Used:

C:1-150 H: 1150 N:16 O:2130

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

317.2237 317.2229 08 25 65 35 C19 H29 N2 O2



21¢

N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)aniline (13a)

SBIIV!53

ON—HOINNOONOONANTOO D A —
LWONONIONUOOITNOODNMO© O N
NNNNOOQONNMNNTMOONMO 0 Current Data Parameters
MNMENNOOOVOOOVOOVOOVOLL S I — ME SB 11V153
===
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120509
Time 12.26
INSTRUM spect
PROBHD 5 mm PABBO BB'!
O PULPROG zg30
D 6
SOLVENT CDCI3
NS
N NH DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 28.5
DW 60.800 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
CHANNEL f1 =
1H
13.50 usec
16.00000000 W
SFO1 400.1424710 MHz
F2 ! Processing parameters
Sl 65536
SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB IV!53
22 BYBRTLILEY wINY - ©
SX OPVOWANASN® kb4 bl =
g3 88988 8asdd NN < &
Current Data Parameters
NAME SB 1Iv153
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120509
Time 12.28
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 20
DS
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 298.3K
D1 2.00000000 sec
D11 0.03000000 sec
P1 9.00 usec
PLW1 62.00000000 W
SFO1 100.6253441 MHz
== = CHANNEL f2 ==;
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
SFO2 400.1416006 MHz
F2 | Processing parameters
SI 32768
SF 100.6152830 MHz
WDW EM
SSB
LB 1.00 Hz
GB
PC 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



21¢

100%MeOH+HCOOH 13:24:05 11-May-2012

100,  173.0966 266.1548

%

438.2303

356.2026 } 529.2858

O bl H‘M“HH““‘lum“u‘“M‘H‘m‘wH‘L““““H“H“Hn b T AT MZ
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

293 formula(e) evaluated with 2 results withimits (all results (up to 1000) for each mass)
Elements Used:

C:1-100 H: 1100 N: 115 O: 1100

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mbDa PPM DBE -FIT Formula

266.1548 266.1545 03 11 95 31 C18 H20 N O



Appendix B: Structural Characterization of Compounds from Chapter 4

2,2-Dimethyl-2H-chromene6-carbaldehyde (5a)

JH!' I 1 50ca
~ NYTODOWOHO O <
[ NMANNLL 0O O 0 ~
«Q QOUNOQMMNQ < Current Data Parameters
o N~~~ 00 o0ownw — NAME JH I'1150ca
NV -
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130118
Time 9.45
INSTRUM spect
PROBHD 5 mm PABBO BB!
O PULPROG 2930
D 65536
SOLVENT CDCI3
NS 16
N DS 2
CHO SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 50.8
DW 62.400 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
TD! 1
CHANNEL f1
SFO1 400.1424710 MHz
NUC1 H
P1 13.50 usec
PLW1 16.00000000 W
F2 ! Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
e -
T T T T T T T T T
10 9 8 7 6 5 4 1 0 ppm



21¢

8-Methoxy-2,2-dimethyl-2H-chromene6-carbaldehyde (5b)

JH!'I'! 61c
< N MO SO < ©
o] o< oM OO o o
~ N Mo 0O < 0 Current Data Parameters
o ~~  ©o 1 « A NAME JH 11161c
VY -
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130207
Time 14.11
O Me INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zg30
O D 65536
SOLVENT CDCI3
NS 7
DS 2
SWH 8012.820 Hz
\ FIDRES 0.122266 Hz
CHO AQ 4.0894465 sec
RG 36
DW 62.400 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =:
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 ! Processing parameters
Sl 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
M PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
JH!'I'! 61c
0 o< ododn 3
2 235 293¥® 3 odo® ~ 2
=] o~ domdd o NSO~ ! @
2 33 93888 S NN 8 &
Current Data Parameters
NAME JH litelc
EXPNO
PROCNO 1
F2 | Acquisition Parameters
Date_ 20130207
Time 14.12
INSTRUM spect

PROBHD 5 mm PABBO BB'!
PULPROG zgpg30

™D 655!
SOLVENT CDCI3
NS 15

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631488 sec

RG 203

DW 20.800 usec

DE 6.50 usec

TE 298.6 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1
CHANNEL f1 =:

SFO1 100.6253441 MHz

NUC1 C

P1

9.00 usec
PLW1 62.00000000 W

= CHANNEL f2 =
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters

S| 32768

SF 100.6152830 MHz
W EM

WD
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T T T PC 140

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



21¢

2,2-Dimethyl-2H-pyrano[3,2-b]pyridine -6-carbaldehyde (5c)

JH!'I'1 67b
[o0] MM OO0 N© D
o LM 400w ON~ o
@ N Howmn oo \n Current Data Parameters
o M~ P~ o oW A NAME JH 11167b
| vV VY
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130214
Time 12.06
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2930
D 65536
SOLVENT CDCI3
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 36
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
SFO1 400.1424710 MHz
NUC1 H
P1 13.50 usec
PLW1 16.00000000 W
F2 ! Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB 0
PC 1.00
L L
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
JH!'1'1 67b
838 o NoN @0
e 558X NQE 33
S99 [N &8N I3

191.85
——153.66
——145.78
——136.26
—22.62

<
-
~X
~
~

Current Data Parameters
AME JH

11167b
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130214
Time 12.10

INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zgpg30

TD 65!
SOLVENT CDCI3
NS 24

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 298.5 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

= CHANNEL f1 =:
100.6253441 MHz
13C

9.00 usec
62.00000000 W
= CHANNEL f2 =

SFO2

400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 ! Processing parameters
S| 32768

SF 100.6152830 MHz
WDW EM

SSB 0
LB 1.00 Hz
GB 0

T T T T T T T T T T T PC 1.40

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



(3,4-Dimethoxyphenyl)(2,2dimethyl-2H-chromen-6-yl)methanol

SB! VI 36d

7.280
7.102
7.082
6.981
6.940
6.912
6.891
6.851
6.831
6.756
6.736
6.308
6.284
5.720
5.628
5.604

Ny

3.881
3.870

<

—2.197

< o
V) N
Q’. O Current Data Parameters
— o NAME SB V1 36d
‘ EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20121
Time_ 10. 29
INSTRUM spect

PROBHD 5 mm PABBO BB!

o) OMe PULPROG zg30
TD 6553
SOLVENT CDCI3
NS
DS
NS SWH 8012.820 Hz
OMe FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 114
OH DW 62.400 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
TDO
= === CHANNEL f1 ==:
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
| L
T T T T T T T T T
10 9 8 7 6 4 2 1 0 ppm
SB! V! 36d
288 IXEIBRYIBKER AN N 0o
NG D COONTND®BOES s MO~ ®In 2 ©5
833 82388885538 NN 88 Q&

Current Data Parameters
NAME SB !

36d
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date 2012120
Time_ 10.33

INSTRUM spect
PROBHD 5mm PABBOBB!
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 41

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 298.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

== CHANNEL f1 ==:
SFO1 100.6253441 MHz
NUC1 C
P1

9.00 usec
PLW1 62.00000000 W
== CHANNEL f2 ==:
400. 1416006 MHz

CPDPRG[2 waltzlﬁ
PCPD2 90.!

PLW2 16.! 00000000 W

PLW12 0.36000001 W

PLW13 0.29159999 W

F2 ! Processing parameters
SI 32768

SF 100.6152830 MHz
EM

T T T T T
200 180 160 140 120

T
80

60

WDW
SSB 0
LB 1.00 Hz
GB 0
. . PC 1.40

22C

(6a)
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MeOH 14:45:01 26-Feb-2013

100+ 325.1452

°/p

(@] l ! OMe
X OMe
OH

651.3024

223.1306

0 ‘\“‘\“‘\“‘L\‘M‘\‘L\‘\‘HM"\‘\‘\"h“\m\‘\um‘“L\HAH\.HH‘HHM‘HH‘HH e M/Z
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

56 formula(e) evaluated with 1 results within limits (up to 100 closest results foness)
Elements Used:

C:1-150 H: 1150 O:130

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

325.1452 325.1440 1.2 37 105 11 C20 H21 O4



22z

(3,4-Dimethoxyphenyl)(8 methoxy-2,2-dimethyl-2H-chromen-6-yl)methanol (6b)

JH!'I'! 66b

7.280
6.943
6.910
6.891
6.853
6.820
6.609
6.287
6.263
5.710
5.634
5.610
1.288
1.281
1.271
1.254

Current Data Parameters
IAME JH 11166b

EXPNO

PROCNO 1

3.871
3.838
_—2.055
1.479

/
\
/
S
<

F2 ! Acquisition Parameters
Date_ 20130214

Time 12.14
INSTRUM spect
PROBHD 5 mm PABBO BB!

O M e PULPROG 2930
D 65536

SOLVENT cbci3

NS 16

DS 2

SWH 8012.820 Hz

FIDRES 0.122266 Hz
AQ 4.0894465 sec
90.5

G .
OMe DW 62.400 usec

DE 6.50 usec
298.1 K
O H D1 1.00000000 sec
1

= CHANNEL f1 =
SFO1 400.1424710 MHz
1H

P1 13.50 usec
PLW1 16.00000000 W

F2 ! Processing parameters
S| 65536

SF 400.1400000 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0
PC 1.00

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

JH! I 1 66b

56.29
55.92
55.89
——27.88
—14.19

~
£
X
__-60.40
-
~

Current Data Parameters
NAME JH 1'1166b
EXPNO

PROCNO 1

F2 ! Acquisition Parameters
Date_ 20130214

Time 12.17
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zgpg30

TD 65!
SOLVENT CDCI3
NS 40

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203

bW 20.800 usec
DE 6.50 usec
TE 298.5 K

D1 2.00000000 sec
D11 0.03000000 sec
TD 1

SFO1  100.6253441 MHz
C

9.00 usec
PLW1 62.00000000 W

== CHANNEL f2 =;
400.1416006 MHz
1H

NUC2

CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

SFO2

F2 | Processing parameters
SI 32768

SF 100.6152830 MHz
WDW EM

SSB 0
LB 1.00 Hz
GB 0

T T T T T T T T T T T PC 1.40

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



22¢

80% ACN 18:30:09 27-Mar-2013

100~ 233.0751

OMe
(@] l ! OMe
X OMe
OH

%

4011595 554.2615
189.‘0873 L L L “ A ‘l L .\ l 757'?305
O e e e e e e e i 0114
100 200 300 400 500 600 700 800 900 1000
80% ACN 18:30:09 27-Mar-2013
100 401.1595
554.2615
& 355.1543
372.1802
435.1635
389.1529
1 ‘ H m ‘ 417.1579 1548 477.1806 507.2375 a7 2012 ‘
0 J‘u‘.m, ‘J“‘MMUH‘\‘I | H‘M‘\‘I‘A“\H‘j ‘\‘Hm \‘\ i Loy ‘\M ‘\LL‘L‘J‘\ \‘ ‘ L\ M\H‘ M J ‘H M ‘ Ly ‘ ‘1 \\M\ Ll Ly il L M\ l,L, ‘ [H [y \\U‘ 1l Lyt \M ‘1\ L \\ HH‘H m/z
360 380 400 420 440 460 480 500 520 540 560

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

62 formula(e) evaluated with 1 results within limits (up to 100 closest results for each mass)
Elements Used:

C:1-150 H: 1150 O: 160

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

355.1543 355.1545 -0.2 -0.6 105 6953 C21 H23 05



(R)-3-((4-Bromobenzyl)oxy)tetrahydrofuran

SB! V! 64c

ANTdN ONONOTANANNLNOLOOVUDITLONOMOO WO

SNON DADOOMNMHANLMNONDVOULNLHAINL IOM AN O

SYAAd SN A TNRROORONNSENMNOORNDNRNONNN®X  cyprent Data Parameters

NSNS I TOO0ONOONONNMONANNTAAAAAAA10 O NAME SB 1'VI 64c

N e -
PROCNO 1

O F2 | Acquisition Parameters
Date_ 20130130
O Time 13.34
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2930
TD 65536
Br SOLVENT cbci3

NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 1

6
62.400 usec

DW

DE 6.50 usec

TE .

D1 1.00000000 sec

TDO 1
CHANNEL f1

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

400.1424710 MHz
1H

13.50 usec
16.00000000 W

2 | Processing parameters
SI 5536

PL
PLW1
E
6!
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
AJ PC 1.00
5 A

V! 64c

SB! V! 64c

N wo 2

93 < ©oRoTTd =)

~oHo o NoNar=Ao @

RER FRNGNSN o

335 9 RERRRRG &
Current Data Parameters
NAME SB !
EXPNO 2
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130131
Time 13.37

INSTRUM spect

P
PROBHD 5mm PABBO BB!
2gpg30

PULPROG

TD 65536
SOLVENT CDCI3
NS 24

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631488 sec

RG 203

bW 20.800 usec

DE 6.50 usec

TE 298.3 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1
CHANNEL f1

SFO1 100.6253441 MHz

NUC1 13C

P1 9.00 usec

PLW1 62.00000000 W

PLW13

SFO2
PCPD2
PLW2
N PLW12
} Lk

SF
WDW

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

CHANNEL f2
400.1416006 MHz

NU
CPDPRG[2 waltz16

90.00 usec
16.00000000 W
0.36000001 W
0.29159999 W

F2 ! Processing parameters
32768

100.6152830 MHz
EM

1.00 Hz
1.40

224

(9D0)



22¢
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4-((4-Bromobenzyl)oxy)tetrahydro-2H-pyran (9¢)

SB! V! 65¢
QAL © ONTONOSITIITANWDWOORAHAN DN ONMM LD
oMo NN AdONOSTMITAdONONOTMNAHO O 0 © 0
SN OO OAUMNNNYLNONOOOOO©OOMN®D  cyrent Data Parameters
N~~~ StTOOOMNOONOMNOOMNAdAdAdAdAdAdA—dA—"O NAME SB | VI 65¢
NP RPN R T
PROCNO 1
F2 | Acquisition Parameters
Date_ 130130
Time_ 13.40
INSTRUM spect
O PROBHD 5mm PABBO BB!
PULPROG 2930
™D 65536
Ve SOLVENT CDCI3
O NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
B AQ 4.0894465 sec
r RG 16
DwW 62.400 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
D 1
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 ! Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! V! 65¢
8 3IS & georog «
N~ oHe o QNan ™~ O N
% ®3 NN o
[ Wil I
Current Data Parameters
NAME SB ' VI 65¢
EXPNO 2
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130130
Time_ 13.42
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG zgpg30
™D 536
SOLVENT CDCI3
NS 18
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 298.5K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1
SFO1 100.6253441 MHz
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W
CHANNEL 2
SFOZ 400. 1416006 MHz
UC2
CPDPRG[Z WallZlG
CPD2 90.00 usec
PLWZ 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
1 F2 ! Processing parameters
. | 32768
SF 100.6152830 MHz
WD EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T T T PC 140

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






(3,4-Dimethoxyphenyl)(4((((S)-tetrahydrofuran -3-yl)oxy)methyl)phenyl)methanol

JH!' I 1 64b

N0V ONN M SONOSTL AT W moomnom
LMOOANANL MO N 0 NOOON~L O HOLWOWnM
NNTHAHONNOOLW MOQOONNNOY Q- Current Data Parameters
MNMNNNOOOOOoWn A I e N er e e p N oo Nep] e NAME JH 111 64b
Y N Y%
PROCNO 1
F2 ! Acquisition Parameters
O Date_ 20130206
. OMe Time 11.41
’/O INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG zg30
D 65536
SOLVENT CDCI3
OMe NS 16
DS 2
OH SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 11.3
DW 62.400 usec
DE 6.50 usec
TE E
D1 1.00000000 sec
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
Sl 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
JH! I ! 64b
& 83583 8BS § &8 VOO DNRODO ) @ o
= 22258 Ng g S8 I RIS NI,
S S33 33 38 3 38 RERRRRREZHE & & 3
Current Data Parameters
NAME JH I'1164b
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130206
Time 11.43

INSTRUM spect

SFO1
NUC1
P1

PLW1

PLW13

SF
Wi

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

SFO2

NUC2

CPDPRG[2 waltz16
PCPD2

P
PROBHD 5 mm PABBO BB!
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 25

4
24038.461 Hz
0.366798 Hz
1.3631488 sec
2

03
20.800 usec
6.50 usec
298.5 K
2.00000000 sec
0.03000000 sec
1

= CHANNEL f1 =
100.6253441 MHz
13C

9.00 usec
62.00000000 W
= CHANNEL f2 =
400.1416006 MHz
1H

90.00 usec
16.00000000 W
0.36000001 W
0.29159999 W

F2 | Processing parameters
32768

100.6152830 MHz
EM

1.00 Hz
1.40

22¢

(10a)



22¢

90%MeOH 17:33:22 08-Feb-2013
100- 343.1532
o] N
5 OMe
OMe
<l OH
283.2714
212.0724 687.3163
l | 554.2615 |
0“H‘““‘“"u"“H‘u“”\“u‘u‘lu“L‘n"M.““A‘.u‘\‘u‘\“u”‘ HH“\‘\““‘\‘H\“HH ‘H\“HH e 1174
100 200 300 400 500 600 700 800 900 1000

Elemental CompositioReport

Single Mass Analysis

Tolerance = 20.0 PPM / DBE: min£5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

107 formula(e) evaluated with 2 results within limitd fabults (up to 1000) for each mass)
Elements Used:

C:1-150 H: 1150 O:130 Na:@1

Minimum: -1.5
Maximum: 50 20.0 50.0
Mass Calc. Mass mDa PPM DBE FFIT Formula

343.1532 343.1545 -1.3 -3.8 95 19.1 C20 H23 O5



(3,4-Dimethoxyphenyl)(4((((R)-tetrahydrofuran -3-yl)oxy)methyl)phenyl)methanol

SB! VI 66¢
COHMNMANNOOL ~MNOONVOL ML) ot~
NOOITONO O~ ANTONHON~NMNODN~LOM
MOANNQOONNGO QO ONNNNMORR Current Data Parameters
NNNNOCOOCOCOL MMM NAME SB V]
‘\\“\ \/// ’ ‘\"‘\\//// N% EXPNO 1
PROCNO 1
F2 | Acquisition Parameters
Date_ 20130202
O Time 12.43
OMe INSTRUM spect
O PROBHD 5 mm PABBO BB'!
PULPROG 2930
TD 65536
SOLVENT CDCI3
OM NS 10
e DS 2
SWH 8012.820 Hz
OH FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 22.6
bw 62.400 usec
DE 6.50 usec
TE R
D1 1.00000000 sec
TDO 1
CHANNEL f1 ===;
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 ! Processing parameters
Sl 65536
SF 400.1400000 MHz
WDW EM
SsB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! V! 66¢
881238k 883 § &8 HOON~O®R O - ~
VOGN O KO ® OD QRENR Y ©X % 00 0 o
33308 8% 0 S8 RRERERRREBH & 3
Current Data Parameters
NAME SB ' VI 66¢
EXPNO 2
PROCNO 1
F2 | Acquisition Parameters
Date_ 20130202
Time 12.45
INSTRUM spect

PROBHD 5 mm PABBO BB!
PULPROG zgpg30
65536

™D
SOLVENT CDCI3
NS 22

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 298.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

== CHANNEL f1 =
SFO1 100.6253441 MHz
NUC1 13C
P1

9.00 usec
PLW1 62.00000000 W

CHANNEL f2
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters
S| 32768

SF 100.6152830 MHz
WDW EM

SSB 0
LB 1.00 Hz
GB 0

T T T T T T T T T T PC 140

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

23C

(10b)



80%ACN+0.5%NH40H

343.1553

16:50:25 06-Feb-2013

100+
O@\ OMe
248.9647
OMe
s
OH
158.9085 554.2615
‘ 212.0753 ‘ 460.1163 687.3146 g5 0643 921.1819
0 l‘\“h‘“‘w““‘lJ‘l‘\‘\ 1““\“”” “Hu‘“"M",H“\.H\‘L‘\‘.H“HH H‘w‘“”“‘\‘l”“‘\‘l‘ e Y
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single MasdAnalysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

57 formula(e) evaluated with 1 results within limits (all results (up to 1f@@@ach mass)

Elements Used:
C:1-200 H: 1200 O: 130

Minimum: -1.5
Maximum: 50 5.0 50.0
Mass Calc. Mass mbDa PPM DBE -FIT Formula
343.1553 343.1545 08 23 95 23 C20 H23 05

231



23z

(3,4-Dimethoxyphenyl)(4(((tetrahydro -2H-pyran-4-yl)oxy)methyl)phenyl)methanol  (10c).

SBI VI 67¢

7.299
7.280
7.253
7.236
6.807
6.787
6.739
6.720
3.853
3.841
3.825
3.799
3.786
3.767
3.751
3.509
3.355
3.328
3.304

1851
1571
1.548

4.464

Current Data Parameters
IAME SB v

VI 67¢c
EXPNO
PROCNO 1

—5.630
~-1.822

N

__6.866

/
§
/
!
|

F2 ! Acquisition Parameters
1) Date_ 20130202
Time 12.47
INSTRUM spect
OMe PROBHD 5 mm PABBO BB!
PULPROG 2930

™ 65536
| SOLVENT cbci3
NS 9

o
\ 7

DS 2
OMe SWH 8012.820 Hz
FIDRES ~ 0.122266 Hz
AQ 4.0894465 sec
G 127
oW 62.400 usec
DE 6.50 Usec

D1 1.00000000 sec
1

= CHANNEL f1 =;
400.1424710 MHz
1H

P1 13.50 usec
PLW1 16.00000000 W

F2 ! Processing parameters
SI 65536

SF 400.1400000 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

10 9 8 7 6

o 4
IN
w
N
-
o

ppm

SB! VI 67¢

13758
~—136.98
__—12751
12648
—— 11801
_—110.91
~—109.82
55.85
55.77
—— 3229

Current Data Parameters
NAME SB VI 67¢c
EXPNO 2

PROCNO 1

F2 ! Acquisition Parameters
Date_ 20130202
Time 12.50
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zgpg30

536

TD 65!
SOLVENT CDCI3
NS 17

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
bW 20.800 usec
DE 6.50 usec
TE 298.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 =:
100.6253441 MHz
13C
9.00 usec
62.00000000 W
= CHANNEL 2 =:

SFO2

400.1416006 MHz
1H

NUC2
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 ! Processing parameters
L N U I— SI 32768

SF 100.6152830 MHz
WDW EM
SSB 0
L8 1.00 Hz
GB 0
T T T T T T T T T T T PC 1.40

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



80%ACN+0.5%NH40H

17:02:09 06-Feb-2013

100+ 357.1692
PN
s OMe
NS 4.261
3 OMe 554.2615
<
OH
403.1654
576.2332
0‘\""\“"‘\““‘\““\““\““‘\“‘J\l‘“"\‘“‘\““\““\““\“\“““\““\““\‘“‘\"‘“\""\""\""\""\"“\““\““\““\““\"\‘\““\“‘l‘\““\““l\“"\““‘\‘m/Z
300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

23¢

66 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)

Elements Used:
C:1-200 H: 1200 O: 130

Minimum: -1.5

Maximum: 5.0 5.0 50.0

Mass Calc. Mass mba PPM DBE i-FIT
357.1692 357.1702 -1.0 -28 95 4.0

Formula

C21 H25 O5



(3,4-dimethoxyphenyl)(4morpholinophenyl)methanol (12a).

SB! VI 102d

HoOoJToomnwn o oYL M-HD
OCNHANRDOH® O DO AN D
NNOQ@O®N N~ QOO Current Data Parameters
NNOOOOO 1 OOmMOHMm™ NAME SB V1 102d
SN NN Froch
PROCNO 1
F2 | Acquisition Parameters
O/\ Date_ 20130311
Time 22.29
INSTRUM spect
N OMe PROBHD 5 mm PABBO BB !
~ PULPROG 2930
TD 65536
SOLVENT CDCI3
NS 13
OMe 25k ek
SWH 8012.820 Hz
FIDRES 0.122266 Hz
OH AQ 4.0894465 sec
RG 28.5
DwW 62.400 usec
DE 6.50 usec
TE 294.0K
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
Sl 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
" e A
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! V! 102d
5oy 8§88 § RELES DoYInn omom
Cuw ©w N BBEoS SHQIRY SR AN
833 898 § ZoocSs RRRREE BBS

Current Data Parameters
NAME SB I'vi102d
EXPNO 2

PROCNO 1

F2 ! Acquisition Parameters
Date_ 20130311

Time 22.34
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 29

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec

RG 203

bw 20.800 usec

SFO1

100.6253441 MHz
NUC1 C
P1 9.00 usec
PLW1 62.00000000 W

CHANNEL f2 =
400.1416006 MHz
H

SFO2

NUC2 1l
CPDPRGJ[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 ! Processing parameters

Sl 32768

SF 100.6152830 MHz
DW EM

WI

SSB 0

LB 1.00 Hz
GB 0

P 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

234



23¢

diluted in 50%ACN 16:13:37 25-Mar-2013

100 330.1710

0™

oo

OH

%

‘ ‘ 641.3219
L.

0 H‘\HH‘HH{‘MHHM — m/z

100 200 300 4o s00 600 700 800 900 1000
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of sotope peaks used feFIT = 3

Monoisotopic Mass, Odd and Even Electron lons

540 formula(e) evaluated with 5 results within limits (up to 100 closest results for each mass)
Elements Used:

C:1-150 H: 1150 N: 130 O: 160

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

330.1710 330.1705 05 15 85 50 C19 H24 N O4



(4-(Bromomethyl)phenyl)(3,4dimethoxyphenyl)methanol

SB! VI 52

VOANTON O © < © ©mo o ™~ %)

OWVOOTOY ® ~ © S 9 ~ 0 N

MN—AA000 N Q@ o MANO N o S Current Data Parameters

NNNNOG©O 18 K] SR NEN] - o =} NAME SB VI 52

Ve Voo lNS T Procwo
PROCNO 1

F2 ! Acquisition Parameters

Date_ 20121212
Time 16.10
INSTRUM spect

PROBHD 5mm PABBO BB!

PULPROG 2930
Br - OMe D 65536
SOLVENT cDCI3
NS 16
DS 2
SWH 8012.820 Hz
OMe

FIDRES 0.122266 Hz
AQ 4.0894465 sec
O H RG 101

bw 62.400 usec

DE 6.50 usec

TE .

D1 1.00000000 sec

TDO 1
CHANNEL f1 =:

SFO1 400.1424710 MHz

NUC1 H

P1 13.50 usec
PLW1 16.00000000 W

F2 ! Processing parameters
SI 65536

SF 400.1400000 MHz
DW EM

WI

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

10 9 8 7 6 5 4 3 2 1 0 ppm
SB! VI 52

G388 08 8 38 gI0z 85 ¢

3338 98 I 23 NN Y 818 ®

VT DV

Current Data Parameters
NAME SB !

VI 52
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20121212
Time 16.13
INSTRUM spect

PROBHD 5 mm PABBO BB'!
PULPROG zgpg30
536

TD 65!
SOLVENT CDCI3
NS 18

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
bW 20.800 usec
DE 6.50 usec
TE 298.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

= CHANNEL f1 ===
SFO1 100.6253441 MHz
NUC1 13C

P1 9.00 usec
PLW1 62.00000000 W

= CHANNEL 2 ===;
400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 ! Processing parameters
S| 32768

SF 100.6152830 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T T T PC 1.40

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

23¢

(12b)



(3,4-dimethoxyphenyl)(4(4-methylpiperazin-1-yl)phenyl)methanol (12c)

SB! VI 104d! oil

—HOMNNMNSO-A
OO MS SN
NN NS ® w0
NNV O OO

6.800
—5.715

/
X

K/N OMe

Current Data Parameters
NAME SB !V!104d! oil
1

EXPNO

PROCNO 1

F2 | Acquisition Parameters
Date_ 20130322

Time 13.22
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2930

™D 65536
SOLVENT CDCI3
NS 8

DS 2
SWH 8012.820 Hz
FIDRES  0.122266 Hz
OMe AQ 4.0894465 sec
RG 50.8
O H bW 62.400 usec
DE 6.50 usec
TE 3
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =
SFOL  400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1  16.00000000 W
F2 ! Processing parameters
sl 65536
SF 400.1400000 MHz
WDW EM
SSB 0
B 0.30 Hz
GB 0
PC 1.00
T T T T T T
10 9 8 7 6 5
SB! V! 104d! oil
~oO T2 @ NooN
589 3% ¢ Rgey cwnra o
S8% ry ~ <SBSa SERS 8
<< ™mm o == O I~~~ ©OWn <
833 99 § doos NN Y 3

Current Data Parameters
NAME SB !V!104d! oil
EXPNO 2
PROCNO 1

F2 ! Acquisition Parameters
Date_ 20130322

Time 13.24
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG zgpg30

D 65536

SOLVENT CDCI3
NS 25

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 294.5K

D1 2.00000000 sec
D11 0.03000000 sec
TDO

== CHANNEL f1
SFO1 100.6253441 MHz
NUC1 13C

P1 9.00 usec
PLW1 62.00000000 W

== CHANNEL f2

SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters
S| 32768

SF 100.6152830 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120



23¢

(3,4-Dimethoxyphenyl)(phenyl)methanol (15a)

SB! V! 46¢

LOOVO AT ON—TMN O DO LD © o [ee] o
CQONOTOONNT TS N O ~ © < (a2}
AR R ] o @ 0 < Current Data Parameters
Ll el el el D N L el (e J(e (e (e To] mm N o NAME SB VI
Nﬂ\ V '%/ \ / EXPNO
PROCNO 1
OMe F2 ! Acquisition Parameters
Date_ 20121205
Time 14.12
INSTRUM spect
PROBHD 5 mm PABBO BB'!
OMe PULPROG 2930
TD 65536
OH SOLVENT CDCI3
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 90.5
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 ! Processing parameters
S| 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! V! 46¢
588 5 $8335 §8 Kowo o
TPH © INGC X OB Qoo 9 ©
S 3 8933 328 NN 818
Current Data Parameters
NAME SB 'V 46¢
EXPNO 2
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20121205
Time 14.15
INSTRUM spect

PROBHD 5 mm PABBO BB !
PULPROG 2gpg30
™ 65536

SOLVENT CDCI3
NS 63

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz

Al 1.3631488 sec
R 203

DwW 20.800 usec
DE 6.50 usec
TE 298.4 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

SFO1 100.6253441 MHz
NUC1 13C

P1 9.00 usec
PLW1 62.00000000 W

= CHANNEL f2

SFO 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters
S| 32768

SF  100.6152830 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T T T PC 1.40

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



90%MeOH+0.1%HCOOH 16:42:31 05-Dec-2012
100 227.1066
7 OMe
267.0993 | ~ = |
368.1566
1 2 NS
< OMe
| OH
469.1991
| l ‘ 511.2094
(O S e “‘Hw“H‘Lwt“““\‘L‘““\“"““‘w‘\H‘\L‘L“i”” T MYZ
100 200 300 400 500 600 700 800 900 1000
90%MeOH+0.1%HCOOH 16:42:31 05-Dec-2012
100., 267:0993
] 368.1566
a1
] 469.1991
437.1924
340.1492 384.13 511.2094 556.2771
415.2090 485.1712
0 \“\\\30‘\128\30‘\\‘\‘\\J \‘“‘”\"L"\"‘w"”\‘“‘w””\”‘“\”“‘\“”w”“”\‘“‘”\‘““w"”\”‘w“”\”‘w””\””\”“w””\” m/z
260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

58 formula(e) evaluated with 1 results within limits (all results (up to 1000) forreash)
Elements Used:

C:1-200 H: 1200 O:130 Na: 12

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -KIT Formula

267.0993 267.0997 -04 -15 75 1.2 C15 H16 O3 Na

23¢



(3,4-Dimethoxyphenyl)(3,4dimethoxyphenyl)methanol

SB! V! 47¢

VO NNOO O O — NO n
~NHOoOWn®m N~ D O —
NOOYWmW N~ 0 —O 10 S Current Data Parameters
~NOOOVwoOoOo W M m NN o NAME SB 1'\V1 47¢
NN vV V[ Froon
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20121212
Time 16.26
INSTRUM spect
PROBHD 5mm PABBOBB'!
MeO OMe PULPROG 2930
™D 65536
SOLVENT CDCI3
NS 10
DS 2
SWH 8012.820 Hz
MeO OMe FIDRES 0122266 Hz
AQ 4.0894465 sec
OH RG 203
bw 62.400 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
TDO 1
CHANNEL f1
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
Sl 65536
SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB
J \LL PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SBI' VI 47¢
SR
NN Y

14903
14846
——136.56

——118.88
_—110.93
T——109.74

&£
~

55.93
~ 5587

Current Data Parameters
NAME SB v

EXPNO 2
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20121212
Time 17.02
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zgpg30
™D 536
SOLVENT CDCI3
NS 69
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 298.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1 ==
SFO1 100.6253441 MHz
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W

SFO2

CHANNEL f2
400.1416006 MHz
1H

NUC2
CPDPRG[2 waltz16

PCPD2
PLW2

PLW12
PLW13

90.00 usec
16.00000000 W
0.36000001 W
0.29159999 W

F2 | Processing parameters
S| 32768

SF 100.6152830 MHz
WDW EM

SSB
LB
GB

200 180 160 140 120 100 80

60

: PC
40 20 0 ppm

1.00 Hz
1.40

24C

(15b)



241

80%ACN+0.5%NH40H 16:55:33 06-Feb-2013
100, 303.1224
MeO l ! OMe
MeO l T l OMe
. OH
<
554.2615
343.1475
‘ 439.1577 ‘
O-rreprerrprts ”‘w”‘\””\1‘1“‘\””"“”‘ T T T e e e e e e e e MYz
300 320 340 360 380 400 420 440 460 480 500 520 540 560

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

46 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-200 H: 1200 O: 130

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula

303.1224 303.1232 -0.8 -26 85 1317 C17 H19 O5



(2,5-Dimethoxyphenyl)(3,4dimethoxyphenyl)methanol

SB! V! 48d

ANCATANIONN O OO o~ < o N
OHADONNIOM HO DN~ D DO © N I
N O QM QQQMNMN o~ O © S Current Data Parameters
IS 1N (O (O (O O O G G 6 G MMM ™ i (=] NAME SB '\ 48d
AN
PROCNO 1
OMe F2 | Acquisition Paramelers
Date_ 20121205
Time 14.22
OMe INSTRUM spect
/ PROBHD 5 mm PABBO BB!
PULPROG Zg30
TD 6553
\ SOLVENT CDC|3
NS 6
OMe DS
SWH 8012.820 Hz
FIDRES 0.122266 Hz
OMe OH AQ 4.0894465 sec
RG 90.5
DW 62.400 usec
DE 6.50 usec
TE K
D1 1.00000000 sec
TDO 1
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
Sl 65536
SF 400.1400000 MHz
WD EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T I\
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB V! 48d
orNN OB YTodNN®
L5 88 IINYRY LYNO NoOTN
Coww Wm  oENdoo MoRS  oman
BRI 88 &3IodsS NRON  Swwg
$83% 8% Soddds RRER 8888

Current Data Parameters
AME SB v

48d
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20121205
Time 14.24
INSTRUM spect

PROBHD 5 mm PABBO BB!

PULPROG 2gpg30
D 65536
SOLVENT cbci3
NS 71

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
A 1.3631488 sec
R 203

DW 20.800 usec
DE 6.50 usec
TE 298.5 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

= CHANNEL f1
100.6253441 MHz
13C
9.00 usec
62.00000000 W
= CHANNEL f2
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[Z waltz16
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 ! Processing parameters
Sl 32768

SF 100.6152830 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

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

242

(15c¢)



90%MeOH+0.1%HCOOH

245

16:51:37 05-Dec-2012

100, 2871288 327.1200
] OMe
Me
1 >
o OMe
] 368.1582 OMe OH
469.2025 556.2771
437.1927
| 42892, |340.1556 384.1389 | “485.1750 578.2540
0 ”‘w”w”‘\‘39\‘.“‘?\9‘”“‘\”"\“H‘\H”w”” ““H‘w”w‘”W‘”W”W‘wa“m‘w”‘w‘”w”‘w\”w”“w”w‘”W”W”\”wa”"wmw”‘hw”w m/z
280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Evellectron lons

85 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass)

Elements Used:
C:1-200 H: 1200 O:130 Na: 12

Minimum: -1.5

Maximum: 5.0 5.0 50.0

Mass Calc. Mass mba PPM DBE
327.1200 327.1208 -0.8 -24 75 424

i-FIT

Formula
C17 H20 O5 Na



(2,3-Dihydrobenzofuran-5-yl)(3,4-dimethoxyphenyl)methanol (15d)

SB! V! 34cR

VTN MNONIDDVOT M OO MN I~
NNNEHOMO M AT NN ogTNOWoOT ™M
N“""O@wc’omw""" NN QWO - I CurrentDataParameters
NNNNOO© © QG O T OOMmOmMm N NAME I'VI 34cR
\\\\\/K/// NV AN FROC

PROCNO 1

F2 ! Acquisition Parameters

OMe Date_ 20121113
O / Time 15.08
INSTRUM spect
| PROBHD 5mm PABBO BB!
N PULPROG zg

D 65536

OMe SOLVENT CDCI3
NS

OH %

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 64
DW 62.400 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
TDO 1

= CHANNEL f1
400.1424710 MHz
1H

13.50 usec
16.00000000 W

F2 | Processing parameters
| 65536

SF 400.1400000 MHz
W EM

WD!
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm

SB! VI 34cR

¥ Y0 YR dmomno~wo

H S O6 HONOBLEHN oNoTw© ~No ©

@ VD GO NGCMBODOD N oo~ m @ ©

B IF 83 AANGa33838 N 05 o

9 33 83 858853388 RRRRR g} N
Currem Data Parameters
ME !'VI 34cR
EXPNO
PROCNO 1
F2 ! Acqulsmon Paramelers
Date, 20121113
Time 1519

INSTRUM spect
PROBHD 5 mm PABBOBB!
PULPROG zgpg30

TD 65536

SOLVENT CDCI3
NS 147

DS
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 294.8K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

= CHANNEL f1 =:
SFO1 100.6253441 MHz
NUC1 C
Pl 9.00 usec

PLW1 62.00000000 W

= CHANNEL {2 =:
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters
SI 3276

8
SF 100.6152830 MHz
D EM

Wi
SSB 0
LB 5.00 Hz
GB 0

T T T T T T T T T T T PC 1.40

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

244
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90%ACN+0.1%HCOOH 16:24:40 14-Nov-2012

100 309.1111

269.1196 0 OMe

7\

OMe

%

OH

437.1968 595.2318

=]
O+ bt e b o i o o e e ————————— iz
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

76 formula(e) evaluated with 1 resulghin limits (all results (up to 1000) for each mass)
Elements Used:

C:1-:200 H: 1200 O:130 Na:12

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

309.1111 309.1103 08 26 85 46.0 C17 H18 O4 Na
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(2,2-Dimethyl-2H-chromen-6-yl)(phenyl)methanol (18a).

OH



(2,2-dimethyl-2H-chromen-6-yl)(4-methoxyphenyl)methanol (18®)
90%ACN 16:52:53 22-Feb-2013

o OMe
LY
OH

100~ 295.1327

%

296.1291

0 T \‘ T ™ T f T ‘ - T ™ T T T T T T T m/z
290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

44 formula(e) evaluated with 1 resultghin limits (all results (up to 1000) for each mass)
Elements Used:

C:1-150 H: 1150 O:130

Minimum: -1.5

Maximum: 50 50 50.0

Mass Calc. Mass mDa PPM DBE i-FIT
Formula

295.1327 295.1334 -0.7 -2.4 105 76.3 C19 H19 O3
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(2,2dimethyl-2H-chromen-6-yl)(3-methoxyphenyl)methanol (18c)
90%ACN 16:32:19 22-Feb-2013

100~ 295.1334
O
OMe
OH
A 248.9517
193.0423
607.2615

0 \“ L \‘ i ‘J‘u“\h‘ L\‘LL\.‘\ ‘.‘h‘ H\‘Hl‘\ ‘H ‘\“m“ ‘Jh‘ iyl ‘L‘\\ ! JJ J‘.H‘ s LL o |‘J b “L‘ i gyt et NZ
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

44 formula(e) evaluated with 1 results within limits (all results (up to 1000) forreash)
Elements Used:

C:1-150 H: 1150 O:130

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula

295.1334 2951334 0.0 0.0 105 C19 H19 O3
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(3,4-dimethoxyphenyl)(2,2dimethyl-2H-chromen-6-yl)methanone (19a)

SB! VI 100b1

ONWOYTRONANDOD T D AR T O N O o N
DOTHOIRAANTOONNOONO TN D OO 0D WO BN
NNOOOOOUITINNNNONNRNVNMMN O OO ~NOS N CurremDataParameters
NN NN N N NN N NN N N N N (6 6 6 6 6 O L6 L6 05 o) R R E  SB V1 100b1
T N1 Proch

PROCNO 1

F2 ! Acquisition Parameters
Date_ 20130320

Time 9.50

INSTRUM Spec

PROBHD 5 mm PABBO BB!

(@) OMe PULPROG 2930
™ 65536
SOLVENT cDCI3
NS 16
. DS 2
OMe SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec
(@) RG 161

DW 62.400 usec

DE 6.50 usec

TE 293.2K

D1 1.00000000 sec
TDO 1

== CHANNEL f1 ==
SFO1 400.1424710 MHz
NUC1 1H

P1 13.50 usec
PLW1 16.00000000 W

F2 | Processing parameters
Sl 65536

SF 400.1400000 MHz

WDW EM
SSB 0

LB 0.30 Hz
GB 0

PC 1.00

10 9 8 7 6 5 4 3 2 1 0 ppm
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80%MeOH 14:02:26 15-Mar-2013
100~ 325.1449
O ! OMe
X ]417.21©Me
(@]
K3
347.1284
480.8858
| 556.2771
] 388.1544
360.3367
| N | L rpms sezon |
0+ ”I"\‘H“'\“‘H\‘H”\”“H\‘Hw”“h\“ \‘H‘\w"\M“\““‘““\‘H‘\“H‘\\H‘w”H\‘“H\H“w"““‘\”H‘\H““\HH\HH\H“MHHMm/Z

) 3‘20 340 360 380 400 420 440 460 480 500 520 540 560
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

56 formula(e) evaluated with 1 results within limits (up to 100 closest results for each mass)
Elements Used:

C:1-150 H: 1150 O: 160

Minimum: -1.5

Maximum: 50 50 50.0

Mass Calc. Mass mDa PPM DBE i-FIT
Formula

325.1449 325.1440 09 28 105 10.3 C20 H21 O4
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(9)-(3,4-dimethoxyphenyl)(4(((tetrahydrofuran -3-yl)oxy)methyl)phenyl)methanone(19b)

SB! V! 101c

Current Data Parameters
NAME SB

\\/// \\\% \% o ll! VI 101¢

F2 ! Acquisition Parameters
Date_ 20130312

Time 21.15
INSTRUM spect
PROBHD 5 mm PABBO BB!

PULPROG 2930
fr. N OMe ™ 65536
(@] SOLVENT cbei3
NS 16
DS 2
SWH 8012.820 Hz
OMe

FIDRES 0.122266 Hz
AQ 4.0894465 sec
57

R

O DW 62.400 usec
DE 6.50 usec
TE 3
D1 1.00000000 sec
TDO 1

SFO1 400.1424710 MHz
NUC1 1H

Pl 13.50 usec
PLW1 16.00000000 W

F2 | Processing parameters
Sl 65536

SF 400.1400000 MHz
WDW EM
SS|

B 0
LB 0.30 Hz

GB 0
PC 1.00

SB!' V! 101c
[ el g}
288¢ cmooos® Hun
Sgrw BYHNNBS Ho
AN dorx ©o
e ~N~© o

195.28
——153.01
——148.97
——142.38
——137.50
_——112.06
——109.73
——32.60

-
~~
79
Vi
s 76
\
\
e

Current Data Parameters
NAME SB

'VI'101c
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130312
Time 21.17
INSTRUM spect

D
PROBHD 5 mm PABBO BB !
PULPROG 29pg30
536

TD 65!
SOLVENT CDCI3
2

NS

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 2943 K

D1 2.00000000 sec
D11 0.03000000 sec

SFOL  100.6253441 MHz
13C

P1 9.00 usec
PLW1 62.00000000 W

SFO2 400.1416006 MHz
1H

NUC2

CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 ! Processing parameters
32768

S|

ISF 100.6152830 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm
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80%MeOH 14:26:16 15-Mar-2013
100~ 343.1555
5]
“0 | X OMe
4
OMe
o
el 255.1067
685.3040
556.2771
OHHHH‘H\H‘\HM““H"“\LH‘\‘\“\HI“‘\H““\“H“\HH‘HHH“\“\“w””‘HH‘HHHH‘HHH“‘mlz
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks usext -FIT = 3

Monoisotopic Mass, Odd and Even Electron lons

57 formula(e) evaluated with 1 results within limits (up to 100 closest results for each mass)
Elements Used:

C:1-150 H: 1150 O: 160

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -KIT Formula

343.1555  343.1545 1.0 29 95 13 C20 H23 O5



(4-(bromomethyl)phenyl)(3,4dimethoxyphenyl)methanone (19c)

SB!' V! 78

258

VODHMN N~ 0 N~ ) © T N
MANODO®—H0NO @ © [ee] © O~
NNSSONONO S A o © oo Current Data Parameters
NSNS~ OO ™ om ™ N NAME SB 1V 78
S\ Voo =M
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130305
Time 16.20
INSTRUM spect
OMe PROBHD 5 mm PABBO BB!
Br AN = PULPROG 230
| | D 65536
/ \ SOLVENT CDCI3
NS 16
OMe oS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
(@) AQ 4.0894465 sec
RG 203
DW 62.400 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==; =
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 ! Processing parameters
Sl 65536
SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SBI VI 78
- o ngto 200 «
> 8 Sae Far s oo « ~ 3
[N SLw WA QNGO b N %)
23 288 428 NN S 8 & -
Current Data Parameters
NAME SB VI 78
EXPNO 2
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130305
Time 16.24
INSTRUM spect
PROBHD 5 mm PABBO BB !
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 200
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 294.0K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 ==
SFO1 100.6253441 MHz
NUC1
P1 9.00 usec
PLW1 62.00000000 W
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
F2 ! Processing parameters
SI 32768
SF 100.6152830 MHz
WD EM
SSB
LB 1.00 Hz
GB
\ \ \ \ \ \ \ \ \ \ \ PC 100
200 180 160 140 120 100 80 60 40 20 0 ppm
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Appendix C: Structural Characterization of Compounds from Chapter 5
"HEHWNE' | (#)*+,-1&3,1(&)#%.&'- !
|
AII commercial chemicals were reagent grade, obtained from VWR, Aldrich, and Oakwood
Chemicals and were used withiofurther purification unless otherwise indicatéd. and *°C
spectra were obtained on a Bruker 400 NMR spectrometer at 400 and 100 MHz, respectively, in
deuterated solvent with TMS as internal reference (# = 0.00 ppm). For all reactions, analytical
gradesolvent was used. Anhydrous solvents were used for all mestusative reactions.
High-resolution mass spectra were obtained by the Mass Spectrometry Facilities at Georgia State
University on a Waters MicromassTpf (ESI).
Synthesis of aldehyde compuds: Aldehydes were synthesized from either commercially
available bromides or aldehydes in 1 to 3 steps (Scheme S1). First, the phenol was alkylated with
3-chloro-3-methylbutl-yne, then the compound was cyclized at high temperature to give the

chromenemoiety. The bromide was converted to aldehyde via lithium halogen exchange,

followed by formylation with DMF.

Scheme S1. Synthesis of aldehyde compdtinds

HO\(\ a O\(\ b, c A(OJL/\ X
— X — —X > /_
Y/) ‘ ‘ Y) N Y)
S1 S2 S3

15, 17, 22, 24, 26, 28
X = bromo or aldehyde; Y = C or N. Reagents and conditions: {&)|d3o-3-methylbutl-yne,

DBU, ACN, overnight, 8C to room temperature; (b) reflux in Ngmethylaniline, 3 hours; (c)

BuLi, DMF, THF-78°C.
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Typical procedure for-alkylation 1 equivalent of phenol was dissolved in ACN and cooled to
0°C. 2 equivalents of DBU were added, theaqiivalents of &hloro-3-methylbutl-yne. The
reaction was stirred overnight fronf@ to room temperature. The reaction mixture was
concentrated, then taken up in ethyl acetatesshed 3 x 1IN HCI, 1 x saturated NaH{CQ@ x

brine, dried over MgS§ and oncentrated. Purified by column chromatography.

Typical procedure for pyran riagosing: The alkyne was refluxed 3 hours in N,N
dimethylaniline. The reaction was taken up in EA, washed 5 x 1 N HCI, 1 x saturated jjaHCO

1 x brine, dried over MgSQandconcentrated. Purified by column chromatography.

Typical procedure for formylationl equivalent of aryl bromide was dissolved in anhydrous
THF under N and cooled to78°C. 1.4 equivalents of butyl lithium were added. After 30
minutes, 1.4 equivalesitof DMF were added and then the reaction stirred for 1 hour. The
reaction was then quenched with saturated@Haken up in ethyl acetate, washed with brine,

dried over MgS@ and concentrated. Purified by column chromatography.

TO

2-((2-Methylbut -3-yn-2-yl)oxy)benzaldehyde (S2bYH NMR (400 MHz, CDCJ): # 10.57 (s,
1H), 8.067.98 (d,J = 8 Hz, 1H), 7.677.66 (m, 2H), 7.2&.25 (m, 1H), 2.76 (s, 1H), 1.87 (s,
6H) ppm.**C NMR (100 MHz, CDGJ): # 190.5, 158.5, 135.0, 128.9, 128.2, 122.9, 120.9, 85.1,
75.6, 74.0, 29.7 ppm. HRMB\/z(ESI) calculated for GH1,0-.Na [(M + Na)] 211.0735, found

211.0734.



2-Bromo-4-((2-methylbut-3-yn-2-yl)oxy)benzaldehyde (S2cYield: 12%.'H NMR (400 MHz,
CDCly): #9.79 (s, 1H), 7.88.88 (d,J = 2 Hz, 1H), 7.467.46 (d,J = 2 Hz, 1H), 6.3%.34 (d,J =
8 Hz, 1H), 5.75.73 (d,J = 8 Hz, 1H), 1.53 (s, 6H) ppmC NMR (100 MHz, CDG)): # 189.6,

155.2, 134.8, 132.1, 130.5, 126.4, 122.3, 121.1, 111.2, 69.5, 28.5 ppm.

If Z > CHO

3-Methyl-4-((2-methylbut-3-yn-2-yl)oxy)benzaldehyde (S2d)Yield: 87%. 'H NMR (400
MHz, CDCk): # 9.84 (s, 1H), 7.67.63 (m, 3H), 2.67 (s, 1H), 2.22 (s, 3H), 1.72 (s, 6H) ppm.
13C NMR (100 MHz, CDGJ): # 191.2, 159.6, 131.8, 130.0, 130.0, 129.3, 128.9, 116.5, 85.1,

74.7,72.3, 29.6, 16.6 ppm.

e

1-Bromo-2-methyl-4-((2-methylbut-3-yn-2-yl)oxy)benzene (S2e)*H NMR (400 MHz,
CDCly): # 7.487.45 (m, 1H), 7.15 (s, 1H), 7.6602 (m, 1H), 2.65 (s, 1H), 3.21 (s, 3H), 1.70 (s,

6H) ppm.

L
If Z > CHO

4-((2-Methylbut -3-yn-2-yl)oxy)benzaldehyde (S2j)Yield: 84%.H NMR (400 MHz, CDCJ):

#9.84 (s, 1H), 7.77.75 (d,J = 8 Hz, 2H), 7.367.27 (d,J = 8 Hz, 2H), 2.67 (s, 1H), 1.66 (s, 6H)
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ppm.**C NMR (100 MHz, CDGJ): # 190.9, 161.1, 131.2, 130.6, 119.4, 84.9, 75.2, 72.4, 29.5

ppm.
@) F
T \QBr
=
2-Bromo-1,3-difluoro -5-((2-methylbut-3-yn-2-yl)oxy)benzene (S2l) 'H NMR (400 MHz,
CDCl): # 6.916.82 (m, 2H), 2.68 (s, 1H), 1.58 (s, 6H) ppriC NMR (100 MHz, CDG)): #

161.0, 160.9, 158.5, 158.5, 156.4, 156.3, 156.1, 104.8, 104.8, 104.6, 104.5, 90.8, 90.6, 90.3, 84.7,

75.3, 75.2, 73.3, 29.3, 29.3 ppm.

R4
|
I >"cHo

2-fluoro-4-((2-methylbut-3-yn-2-yl)oxy)benzaldehyde (S2mYH NMR (400 MHz, CDCY): #
7.447.40 (t,J = 8 Hz, 1H), 7.167.06 (dd,J = 8, 2 Hz, 1H), 6.9%.90 (m, 1H), 2.63 (s, 1H), 1.66
(s, 6H) ppm.**C NMR (100 MHz, CDG)): # 160.1, 157.7, 156.2, 156.1, 132182.8, 118.1,

118.1, 109.1, 109.1, 101.9, 101.7, 85.2, 74.8, 73.0, 29.7, 29.4 ppm.

L
If N Br
2-Bromo-5-((2-methylbut-3-yn-2-yl)oxy)pyridine (S2n) *H NMR (400 MHz, CDCJ): # 8.24

8.24 (d,J = 2 Hz, 1H), 7.457.42 (dd,J = 8, 2 Hz, 1H), 7.37.35 (d,J = 8 Hz, 1H), 2.62 (s, 1H),

1.64 (s, 6H) ppm.

X Br X Br
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6-bromo-2,2,5trimethyl -2H-chromene with 6bromo-2,2,7trimethyl -2H-chromene (1:2)
(S3e)Yield: 70%.'H NMR (400 MHz, CDCJ): # 7.317.28 (dd,J = 8, 2 Hz, 2H), 7.14 (s, 1H),
6.71 (s, 1H), 6.6®.55 (dd,J = 8, 2 Hz, 2H), 6.24%6.25 (d,J = 10 Hz, 1H), 5.75.69 (m, 2H),

5.625.60 (d,J =10 Hz, 1H), 2.41 (s, 6H), 2.34 (s, 3H), 1.44 (s, 20H) ppm.

4-(4-bromobenzyl)morpholine (S3i) 500 mg tbromo4-(bromomethyl)benzene (2.0 mmol),
191 mg morpholine (2.2 mmolgnd 455 mg KCO; (3.3 mmol) were dissolved in ACN and
stirred overnight at room temperature. The reaction mixture was filtered through celite to give a
quantitative yield of a solid (512 mgH NMR (400 MHz, CDCJ): # 7.427.40 (d,J = 8 Hz,
2H), 7.267.18 (d,J = 8 Hz, 2H), 3.68.66 (m, 4H), 3.41 (s, 2H), 2.40 (s, 4H) ppiC NMR
(100 MHz, CDC}): # 137.0, 131.4, 130.8, 120.9, 66.9, 62.6, 53.6 ppm. HRMS(ESI)
calculated for ¢H1sNOBr [(M + H)'] 256.0337, found 256.0346.

o) F
mBr

=

6-bromo-5, 7-difluoro -2,2-dimethyl-2H-chromene (S31)'H NMR (400 MHz, CDCJ): # 6.91
6.89 (d,J = 8 Hz, 1H), 6.88 (s, 1H) 5.66.63 (d,J = 10 Hz, 1H), 1.44 (s, 6H) ppmC NMR
(100 MHz, CDC}): # 160.5, 160.5, 158.1, 158.0, 156.5, 156.5, 154.1, 154.0, 153.7, 153.6,
153.5, 130.4, 130.4, 130.4, 114.2, 114.2, 114,2 114.2, 101.2, 101.2, 100.9, 100.9, 88.5, 88.2,

88.0, 76.7, 27.8 ppm.

Ol\
XN Br
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6-bromo-2,2-dimethyl-2H-pyrano[3,2-b]pyridine (S3n) *H NMR (400 MHz, CDCJ): # 7.16
7.14 (d,J = 8 Hz, 1H), 6926.90 (d,J = 8 Hz,1H), 6.476.44 (d,J = 10 Hz, 1H), 5.8%.86 (d,J
=10 Hz, 1H), 1.46 (s, 6H) ppm.

CHO

o

s
2,2-Dimethyl-2H-chromene8-carbaldehyde (15b)*H NMR (400 MHz, CDCJ): # 10.48 (s,
1H), 7.677.65 (d,J = 8 Hz, 1H), 7.267.18 (d,J = 8 Hz, 1H), 6.9%.89 (t,J = 7.6 Hz, 1H), 6.38
6.36 (d,J = 8 Hz, 1H), 5.7%.71 (d,J = 8 Hz, 1H), 1.52 (s, 6H) ppn°C NMR (100 MHz,
CDCly): # 189.4, 156.2, 132.1, 131.3, 127.1, 124.2, 122.3, 121.5, 120.5, 77.6, 28.2 ppm. HRMS

m/z(ESI) calculated for GH130, [(M + H)"] 189.095, found 189.0912.
\ :o: : :Br
= CHO
5-Bromo-2,2-dimethyl-2H-chromene6-carbaldehyde (15c) Yield = 81%. *H NMR (400

MHz, CDCL): # 9.80 (s, 1H), 7.90.89 (d,J = 2 Hz, 1H), 4.484.47 (d,J = 2 Hz, 1H), 6.3%.36

(d,J =10 Hz, 1H), 5.7%.75 (d,J = 10 Hz, 1H), 1.55 (§H) ppm.

g
x CHO

2,2,8Trimethyl -2H-chromene6-carbaldehyde (15d) Yield: 87%. 'H NMR (400 MHz,
CDCly): # 9.75 (s, 1H), 7.48.48 (d,J = 2 Hz, 1H), 7.3%7.32 (d,J = 2 Hz, 1H), 6.3%.30 (d,J =
10 Hz, 1H), 5.65.63 (d,J = 10 Hz, 1H), 2.18 (s, 3H), 1.43 (s, Bppm.**C NMR (100 MHz,

CDCl): # 191.0, 156.7, 132.5, 131.0, 129.2, 126.4, 126.2, 121.7, 120.5, 77.7, 28.5, 15.4 ppm.
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5:0 : / )
X cCHO X CHO

2,2,5Trimethyl -2H-chromene6-carbaldehyde  with 2,2, 7Trimethyl -2H-chromene6-
carbaldehyde (1:2) (15e)ield: 81%.*H NMR (400 MHz,CDCly): # 10.11 (s, 2H), 10.08 (s,
1H), 7.627.60 (d,J = 8 Hz, 2H), 7.44 (s, 1H), 6.76.75 (d,J = 8 Hz, 2H), 6.64.61 (m, 3H),
6.366.33 (d,J = 8 Hz, 1H), 5.7%.73 (d,J = 8 Hz, 2H), 5.65.62 (d,J = 8 Hz, 1H), 2.62 (s,

6H), 2.59 (s, 3H), 1.45 (s8)Y ppm.

/N\
O\ —
N CHO

Benzo[][1,2,5]oxadiazole5-carbaldehyde (15h)Yield: 19%.'H NMR (400 MHz, CDGJ): #

10.15 (s, 1H), 8.44 (s, 1H), 80098 (d,J = 8 Hz, 1H), 7.967.94 (d,J = 8 Hz, 1H) ppm.

O(\\)N/\(j\CHO

4-(Morpholinomethyl)benzaldehyde (15i)'H NMR (400 MHz, CDCJ): # 996 (s, 1H), 7.82
7.80 (d,J = 7.6 Hz, 2H), 7.507.48 (d,J = 7.6 Hz, 2H), 3.68.67 (m, 4H), 3.54 (s, 2H), 2.43 (m,
4H) ppm.*C NMR (100 MHz, CDGJ): # 191.9, 145.3, 135.6, 129.8, 129.5, 129.2, 66.9, 63.0,

53.6 ppm. HRMSn/z(ES]I) calculated for GH1eNO, [(M + H)*] 206.1181, found 206.1182.

5,7-Difluoro -2,2-dimethyl-2H-chromene6-carbaldehyde (15I)*H NMR (400 MHz, CDCJ): #
10.14 (s, 1H), 6.5@.48 (d,J = 8 Hz, 1H), 6.3/6.34 (d,J = 10 Hz, 1H), 5.6&.66 (d,J = 8 Hz,

1H), 5.605.78 (d,J = 8 Hz, 1H), 1.45 (s, 6H) ppm.
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O 994
X Br X Br
F

6-Bromo-5-fluoro-2,2-dimethyl-2H-chromene  with  6Bromo-7-fluoro-2,2-dimethyl-2H-
chromene (1:1) (S3m)'H NMR (400 MHz, CDCJ): # 7.257.21 (m, 1H), 7.14.12 (d,J = 8

Hz, 1H), 6.616.51 (m, 3H), 6.2%.23 (d,J = 8 Hz, 1H) 5.725.70 (d,J = 8 Hz, 1H), 5.65.60

(d,J = 8 Hz, 1H), 1.45 (s, 6H), 1.44 (s, 6H) ppC NMR (100 MHz, CDGJ): # 160.1, 157.7,

155.8, 153.6, 153.5, 153.3, 153.2, 131.8, 131.8, 131.7, 131.6, 130.7, 129.8, 120.6, 119.2, 119.1,

114.9, 114.8, 113.5, 118 111.4, 111.2, 105.4, 105.2, 99.3, 99.0, 98.9, 76.6, 28.0, 27.8 ppm.

0 \ :o : :F
X cCHO X CHO
F

5-Fluoro-2,2-dimethyl-2H-chromene6-carbaldehyde  with  7ZFluoro-2,2-dimethyl-2H-

chromene6-carbaldehyde (1:1) (15m)

o
X CHO

2,2-Dimethyl-2H-chromene6-carbaldehyde (17)Yield: 84%.'H NMR (400 MHz, CDC}): #
9.83 (s, 1H), 7.65.63 (d,J = 8 Hz, 1H), 7.52 (s, 1H), 6.8886 (d,J = 8 Hz, 1H), 6.3%.36 (d,

J=8Hz, 1H), 5.765.68 (d,J = 8Hz, 1H), 1.47 (s, 6H) ppm.

N Br
6-Bromo-2,2-dimethyl-2H-pyrano[3,2-b]pyridine (S3n) Yield: 64%. '*H NMR (400 MHz,
CDClg): # 7.157.13 (d,J = 8 Hz, 1H), 6.946.89 (dd,J = 8, 2 Hz, 1H), 6.4%.43 (dd,J =8, 2

Hz, 1H), 5.885.85 (d,J = 8 Hz, 1H), 1.45 (s, 6H) ppm.
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2,2-Dimethyl-2H-pyranol[3,2-b]pyridine -6-carbaldehyde (28) Yield: 67%. '"H NMR (400
MHz, CDCk): # 9.88 (s, 1H), 7.#2.70 (d,J = 8 Hz, 1H), 7.097.07 (d,J = 8 Hz, 1H), 6.55.53

(d,J=10Hz, 1H), 5.98%.95 (d,J= 10 Hz, 1H), 1.48 (s, 6H) ppm.

N-((2,2-dimethyl-2H-chromen-6-yl)methyl)aniline (19) *H NMR (400 MHz, CDCJ): # 7.26
7.21 (m, 3H)6.986.96 (d,J = 8 Hz, 1H), 6.88.86 (m, 1H), 6.7%.72 (m, 3H), 6.46.38 (d,J
= 8 Hz, 1H), 5.6%.67 (d,J = 8 Hz, 1H), 4.37 (s, 2H), 4.06 (bs, 1HJC NMR (100 MHz,
CDClg): # 150.8, 148.5, 130.6, 129.2, 128.9, 126.5, 125.5, 122.5, 121.1, 1204, 113.2,
76.44, 43.11, 28.18. HRMS (ESt)/z calculated for @H2o0NO [(M + H)'] 266.1545, found

266.1548.

o

N-((2,2-dimethyl-2H-chromen-6-yl)methyl)cyclobutanamine (32) 'H NMR (400 MHz,
CDCl): # 7.047.02 (d,J = 8 Hz, 1H), 6.95 (s, 1H), 6.7871 (d,J = 8 Hz, 1H), 6.326.30 (d,J =

8 Hz, 1H), 5.615.59 (d,J = 8 Hz, 1H), 3.60 (s, 2H), 3.3226 (quintetJ = 8 Hz, 1H), 2.21 (m,
2H), 1.721.69 (m, 4H), 1.43 (s, 6H}°C NMR (100 MHz, CDGJ): # 151.9, 132.5, 130.8, 128.9,
126.2, 122.3, 121.2, 116.1, 7683.5, 50.1, 31.1, 27.9, 14.8. HRMS (E8ljz calculated for

Ci6H22NO [(M + H)*] 244.1701, found 244.1697.
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N-((2,2-Dimethylchroman-6-yl)methyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3a)

%@5@@"“

7.361
7.340
7.281

7.226
7.020
7.005
6.979
6.953
6.927
6.885
6.865
6.618
6.598

%
§

OMe

—4.627

3.972
3.914
3.786
3.769

£
X

2.701
2.685

A

-2.669
_-2.189

1.769
1.753
1.737

<

1295

0
LB
GB 0
pPC 1.00

Current Data Parameters
NAME SB

I'IV1134R
EXPNO 1
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130207
Time 12.57
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 181
DW 62.400 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
TDO 1

400.1424710 MHz
NUC1 H
P1 13.50 usec
PLW1 16.00000000 W

F2 | Processing parameters
Sl 65536

SF 400.1400000 MHz
WDW EM
SSB

0.30 Hz

10 9 8 7 6 5 4 3 2 1 ppm
SeBREARNRTEIIREISR saowq oo o s 3
BNOBBBBRNCNAS S S S SR 90 9 © 0
BHIAAIAIIIINNS ST S NN ©S o ¢
EEECRUR R PR R PR PR R B B NN NS rograr:y ® 8
Current Data Parameters
NAME SB 1IV1134R
EXPNO 3
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20130207
Time 13.04
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2gpg30
D 65536
SOLVENT CDCI3
NS 67
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 298.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 =
100.6253441 MHz
C
P1 9.00 usec
PLW1 62.00000000 W
= CHANNEL 2 =:
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
F2 ! Processing parameters
SI 32768
SF 100.6152830 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
\ \ \ \ \ \ \ \ \ PC 140
200 180 160 140 120 100 80 60 40 20 ppm
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100%MeOH+0.1%HCOOH 16:42:29 07-Feb-2012
100~ 490.1666
O © OMe
D\/N\ /©i
] S OMe
0,
-
556.2771
] 457-2151 471 2146 499.2495 5152507 531.2643 ‘ 573.3309 599.3336
0 dwwﬂﬂuJﬂwﬂwﬂﬁﬂwuwuwhﬂﬂuwwwuhﬁﬂd“ﬂh“ﬁd”wwuM”NMAJNNNJJ”NHHNNW&”NHA“JNNHLL_HMMW”HMWMMMMMrnh

440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

13307 formula(e) evaluated with 42 results within limits (all results (up to 1000) for eash mas
Elements Used:

C:1-100 H: 1100 N:115 O:130 Na: @3 S:16

Minimum: -1.5

Maximum: 50 50 500

Mass Calc. Mass mbDa PPM DBE-FITI  Formula

490.1666 490.1664 0.2 04 125 1.7 C26 H29 N O5 Na S
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N-((2,2-Dimethyl-2H-chromen-8-yl)methyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide
(3b)

SB! IV ! 58d
OCNOITNANNODMNMNDONNNMITOUNMNOMO o ™
NOITOTAONOANITINNOOTITAMAORN O © 0 Ite]
NOOANNNNQOORARVON~NANLIDN RO N e N CurrentDataParameters
MNNMNNMNMNMAMAMNMNNMNNMNNOOOOOVOOVOVOVOLLSMOMMM N - NAME SB 11V !58d
R
PROCNO 1
F2 ! Acquisition Parameters
Date. 20120522
Time 10.08
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2930
™ 65536
SOLVENT cDCI3
NS 16
DS 2
SWH 8223.685 Hz
OMe FIDRES  0.125483 Hz
AQ 3. 9846387 sec
RG
DW eo 800 usec
N DE 6.50 usec
~ S O M TE 298.1 K
e D1 1.00000000 sec
(e) 2 CHANNEL f1 ===
1H
13.50 usec
16.00000000 W
S SFO1  400.1424710 MHz
F2 ! Processing parameters
] 65536
SF 400.1400000 MHz
WD! EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! V! 58d
NI Y NAN AT D00 ®
TOoOOoONTOOOLN~NNNSTONS M oOWWO n ©
NC BSOS R BENIBENLS oSS So~® =)
FRIRR3ARINEIYIKRES NI s@
SEIGaaYNSNSSYYSSSS NN 88

——47.94
—27.82

4
7
A\
\
%
e

Current Data Parameters
NAME SB LIV 58d
2

PROCNO 1

F2 | Acquisition Paramelers
Date, 20120522
Time 10.11
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG 2gpg30

536

D 65!
SOLVENT CDCI3
NS 64

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 298.7 K

D1 2.00000000 sec
D11 0.03000000 sec

P1 9.00 usec
PLW1 62.00000000 W
SFO1 100.6253441 MHz

= CHANNEL f2 ===:
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
SFO2 400.1416006 MHz

F2 ! Processing parameters
SI 32768

ISF 100.6152830 MHz
DW EM
0

SSB

LB 1.00 Hz
GB 0

PC 1.40

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



100%MeOH 11:28:10 23-May-2012
100+ 466.1694 488.1514
] OMe
| 556.2771 N /@
] \8 OMe
o) 2
£
N
578.2638
437.1957 504.1298
Lol | h ‘ ‘ | >401263 I
Oty ‘H‘\‘\‘h‘ SRTHVNTINTH AT ‘\‘H‘H‘H ‘\‘u‘ ‘I‘M‘\‘\‘H‘H‘ ‘H‘u‘\‘h‘\ ‘u“l‘\\‘u‘\‘w‘w‘n‘\‘\“u‘\‘ sl ‘\‘\‘J‘H‘n‘ | ‘u‘\‘\‘\‘w‘ b : ‘.‘\ 1174

LSRR AR RS R R
420 440 460 480 500 520 540 560 580 600 620 640

Elemental Composition Report

Single Mass Analysis

Tolerance = 20.0 PPM / DBE: min£5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

5227 formula(e) evaluated with 71 results within limits (all results (up to 1000) for eash mas
Elements Used:

C:1-200 H: 1200 N:115 O:1100 S:650

Minimum: -1.5
Maximum: 50 20.0 50.0
Mass Calc. Mass mbDa PPM DBE -FIT Formula

466.1694 466.1688 0.6 1.3 135 24 C26 H28 N O5 S



N-((7-Bromo-2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-dimethoxy-N-

phenylbenzenesulfonamide (3c)

SB Il ! 51c
OAdNAAHONODAINWWONMNIOLDO AW NNOLD OO0 0 N
FTOANOIITIOOISIANNT TDOM— O W©IN© NI MDO o
NDONNMONNNNAONNDONONAHO OO0 NN o <tmN oo
NNNNNNNNNNOCO©OOOOOOOHWNWN S oomm NAAAAA oo
Nﬁ\“%//m//// \ \\/// \/ Current Data Parameters
E B Hin 151c
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120126
o Br Time 9.57
INSTRUM spec
PROBHD 5 mm PABBO BB!
N PULPROG 2930
™D
SOLVENT CDCI3
NS
SOZ DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 144
DW 60.800 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
‘ P1 13.50 usec
PLW1 16.00000000 W
SFO1 400.1424710 MHz
F2 ! Processing parameters
| Sl 65536
SF 400.1400000 MHz
WDW EM
U SSB
LB 0.30 Hz
\ GB
| PC 1.00
T T T T T T T T T
10 9 8 7 6 4 3 2 0 ppm
SB Il !51c
BRL3REZIIIFAIRILBBY Yoo ~oo o
NP BINLIOP BB IBNT IS SO ~NOeN S @
8333388838 893998aaS INENINGS 888 R
Current Data Parameters
E B ' 1'51c
EXPNO 2
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120
Time_ 10. 01
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2gpg30
TD 36
SOLVENT CDCI3
NS 72
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 114
Dw 20.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec

-

- . I

dil 0.03000000 sec

DELTA 1.89999998 sec

TDO 1

SFO1 100.6253441 MHz

NUC1 13C

P1 9.00 usec

PLW1 62.00000000 W

SFOZ 400. 1416006 MHz
UC2

CPDPRG[Z WaltzlG

PCPD2 90.00 usec

PLW2 16.00000000 W

PLW12 0.36000001 W

PLW13 0.29159999 W

F2 ! Processing parameters
SI 32768

SF 100.6152830 MHz
WD! EM

200

180

T
160

T
140

T
120

T
100

T
80

60

40

20

ppm

B 0
LB 1.00 Hz
0

1.40

26¢



50%ACN+0.1%HCOOH 16:51:36 27-Jan-2012

100- 251.0193

%

190.0997
371.2197 568.0624

415.1807488.0610

796.0703
R e R
50%ACN+0.1%HCOOH 16:51:36 27-Jan-2012

100+ ¢} Br 568.0624
1 X

e OMe
OMe
1 544.0790
‘ | 556.2771 563.0876 ‘
O————F 7 1T 7T 71 T T 1 \“ I A \‘ S \‘ e e e el 11174
544 546 548 550 552 554 556 558 560 562 564 566 568 570

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Odd and Even Electron lons

6479 formula(e) evaluated with 30 results within limits (all results (up to 1000a¢brraass)
Elements Used:

C:1-50 H:2100 N:115 O:130 S:16 Br:15

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mbDa PPM DBE -FIT Formula

544.0790 544.0793 -0.3 -0.6 135 n/a C26 H27 N O5 S Br
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3,4-Dimethoxy-N-phenyl-N-((2,2,8trimethyl -2H-chromen-6-yl)methyl)benzenesulfonamide
(3d)

SB I 1136¢
DAYTONNOTOONONODNTNONOTOONO I < o
DONONAAAOODINRNTAANRA0OT OO M ~ © Current Data Parameters
NMNMANOCOOSINNNIHINVONANWM AN M o ™ E B Il 1136c
NNNNNNNNNNGGCOOGOGOOOOINW0S ™00 N — EXPNO 2
\\N{%///K// / / ‘ ‘ ‘ PROCNO 1
F2 ! Acquisition Parameters
Date_ 20111019
Time 16.48
INSTRUM spect
PROBHD 5mm PABBO BB!
PULPROG 2930
D 65536
SOLVENT CDCI3
NS 16
0 OMe ot 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 203
NN N. DW 60.800 usec
S OMe DE 6.50 usec
TE 298.1 K
02 D1 1.00000000 sec
CHANNEL f1
NUC1 1H
P1 13.50 usec

PLW1 16.00000000 W
SFO1 400.1424710 MHz

F2 ! Processing parameters

si 65536
SF_ 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0

‘ PC 1.00

fri [

N )U\UJ l& ﬂ | .

10 9 8 7 6 5 4 3 2 1 ppm
SBI Il ! 136R
LONOMNMANNOTNOIONOWO
BN NSOIR8N2Y899 Saox
NOBDNOOPINNUVTNAO BSOS Mmaon~Qo Qo
OHNTOOONNNNNNNNNAAA N~ OO 00
ERIRSERENNEINNSSET NN

—28.01
—15.37

<
N
e
5428

NS\

Current Data Parameters
E SB

' r136R
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20111026
Time 17.36

INSTRUM spect

PROBHD 5 mm PABBO BB'!

PULPROG zgpg30
5536

TD 655!
SOLVENT CDCI3
NS 318

DS

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 298.4 K

D1 2.00000000 sec

dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1

SFO1 100.6253441 MHz
NUC1

P1 9.00 usec
PLW1 62.00000000 W
SFOZ 400. 1416006 MHz

uc2
CPDPRG[Z waltzlG
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters
S| 32768

SF 100.6152830 MHz
WDW EM

[s)
SSB 0
LB 1.00 Hz
GB 0
PC 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
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3,4-Dimethoxy-N-phenyl-N-((2,2,5trimethyl -2H-chromen-6-yl)methyl)benzenesulfonamide
and 3,4Dimethoxy-N-phenyl-N-((2,2, #trimethyl -2H-chromen-6-
yl)methyl)benzenesulfonamide (2:1) (3e)

SBI I '154R

Current Data Parameters
E Vi1 154R

EXPNO

PROCNO 1

F2 ! Acquisition Parameters
O Date_ 20111113
AN Time 15.15
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2930
XX = D 65536

SOLVENT cDci3
NS 15
DS 2
O OMe N. SWH 8223.685 Hz
SOZ FIDRES  0.125483 Hz
| AQ 3.9845889 sec
RG 144
- N. N DW 60.800 usec
S O M e DE 6.50 usec
TE 298.1 K
02 D1 1.00000000 sec

OMe CHANNEL f1
NUC1 1H
Pl

13.50 usec
OMe PLW1 16.00000000 W
SFOLl  400.1424710 MHz

F2 | Processing parameters
Sl 65536

SF 400.1400000 MHz

WDW EM
SSB 0
LB 0.30 Hz
GB 0

L k‘ { PC 100

T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 !1 12 ppm

SB' Il I 154R
CNDION HANONPNONONINOANNON O D QN
856 0MREORISC3NDIRNNADOCOCODMINAONN D NN wo ¥ Q9 g
NNc:io:iw'ca'mirioo'm'ch'm'u\:io:iodv\'uieiri-—io'm'w'cdnio'do"'?o.".“!Q"!Qm.Q an N A o
BRERRERnE R ARARAENNNNNRA3 80383 N dowgsny K o< =
Current Data Parameters
E SB Il 1154R
EXPNO 2
PROCNO 1
F2 ! Acqulsmon Parameters
Date_ 20111113
Time 15. 19
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG zgpg30
D 65536
SOLVENT CDCI3
NS 858
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 161
bW 20.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 100.6253441 MHz
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
F2 ! Processing parameters
SI 32768
SF 100.6152830 MHz
WL | | o O
| " | ) . ‘ SB 0
! v LB 1.00 Hz
GB 0
PC 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
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100%MeOH+0.1%HCOOH 16:57:34 07-Feb-2012
502.1657

ALO
E\ \IX
0] P OMe
N
X S OMe
o))

556.2771

1004

%

457.2067 487. ‘ 518.1497 m 585.2861 613.3018 639.3655

0 L M‘\‘ ‘M‘H“‘\ o ‘\‘H H\ ‘”H‘HH | ‘u‘xh\\\ ety H‘L\‘\M il L \‘\\‘\‘J“\“\“\“\‘\ ]l T O R O A VYT NPTV ey

440 460 480 500 520 540 560 580 600 620 640
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

14388 formula(e) evaluated with 47 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-:100 H: 1100 N:115 Q1-30 Na:@3 S:16

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mbDa PPM DBE -FIT Formula

502.1657 502.1664 -0.7 -14 135 31 C27 H29 N O5 Na S
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1)

N-(Benzo(d][1,3]dioxol-5-ylmethyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3g)

SBU Il 1 64b

- Current Data Parameters
E B L 1 64b

EXPNO 1

PROCNO 1

F2 | Acquisition Parameters
Date_ 20120204
Time 12.29

INSTRUM spect
PROBHD_5 mm PABBO BB!
PULPROG 2930
) 65536
O OMe SOLVENT cbciz
NS 7
DS 2
SWH 8223.685 Hz

N FIDRES 0.125483 Hz
~ AQ 3.9845889 sec
S OMe RG 71.8
o DW 60.800 usec
2 DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
CHANNEL f1
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
SFO1 400.1424710 MHz
F2 | Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm

SB Il ! 64b

10.00

oo ~oo
NONPOTORONNTS O N ©ooQ o9
HITIRAAIIININNESSS N SO+
A A A A A A A AAAAAAAA ~~~ www
Current Data Parameters
NAME B L 1 64b
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120209
Time 21.52
INSTRUM spect

PROBHD 5 mm PABBO BB!
PULPROG zgpg30
536

TD 65!
SOLVENT CDCI3
N: 838

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 181

DW 20.800 usec
DE 6.50 usec

TE 298.3 K

D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
TDO

SFO1 100.6253441 MHz
NUC1

P1 9.00 usec

PLW1 62.00000000 W
ISFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters
SI 32768

SF 100.6152830 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.00

200 180 160 140 120 100 80 60 40 20 0 ppm
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100%MeOH+0.1%HCOOH 14:50:25 10-Feb-2012
100- 450.0991
@) j@\? OMe
1 495.2835 < N._ /©i
3 o S OMe
5 0,
253.1078
409.1713
295.1319 556.2771 877.2120
0 ‘H‘\ “m‘m“ \‘\‘u‘ \‘n‘\‘u‘ AT fph sl ol R — \m/Z
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

10028 formula(e) evaluated with 46 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-:100 H: 1100 N:115 Q1-30 S:16 Na:03

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -KIT Formula

450.0991 450.0987 04 09 125 21 C22 H21 N O6 S Na



27¢

N-(Benzo[][1,2,5]oxadiazot5-yImethyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3h)

SB! Il 1 155! HPLC

NSO~ OANL AN 0000 00N © [Tel O 0 o
NONOONVNVWWOWOOOOTVOLOOD o~ N~ N~ N
VROVOM@HOMONNNCCC RN N o™~ 0 S Current Data Parameters
D Al Al el Dl el el e D A Ll il N (oo JiNe i N Mo — - o NAME SB !l 1155! HPLC
TTe—=\=—— | || Poco
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120614
Time 10.35
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2930
TD 65536
SOLVENT CDCI3
NS 16
N OMe DS 2
s SWH 8223.685 Hz
O FIDRES 0.125483 Hz
\N/ N Al 3.9845889 sec
~ RG 203
S OMe bw 60.800 usec
0O, DE 6.50 usec
TE .
D1 1.00000000 sec
TDO 1
CHANNEL f1
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 ! Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
J U PC 1.00
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 0 ppm

SB!' Il I 155! HPLC

............... A58 ay
NBBOXVNPPBOHOITS O No© =
WITIOONNNAN A= No© -]
R R R N N R NN ey

/
~
4
z
~
T~121
~
~
<

e
5451

Current Data Parameters
NAME SB !l !155! HPLC
EXPNO 3

PROCNO 1

F2 ! Acquisition Parameters
Date_ 20120616

Time 9.20

INSTRUM spect
PROBHD 5 mm PABBO BB !
PULPROG jmod

TD 65536
SOLVENT CDCI3
NS 10404

DS

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

bw 20.800 usec
DE 6.50 usec
TE 300.7K

CNST2 1450000000
CNST11 _ 1.0000000
D1 2.00000000 sec

D20 0.00689655 sec
CHANNEL f1

NUC1 13C

P1 9.00 usec

P2 18.00 usec

PLW1 62.00000000 W
SFO1 100.6238353 MHz

il ) ,

CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 u:

00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
SFO2 400.1416006 MHz

F2 | Processing parameters
Sl 32768

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

SF 100.6152830 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB

PC 1.40

ppm
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100%MeOH+0.1%HCOOH 15:59:33 07-Feb-2012
100- 448.0942
426.1104 ©
1 N OMe
| N NS OMe 556.2771
0,
K
‘ 441.2009)) 4572107 471 7188 4852273 499.2336 513.2435 577 pass 541.2218
0 ML“_HH‘\‘W Mu‘u}\ H.tHLHM HJ“l“w\c‘u\H‘\‘H‘\m“m‘H‘\‘\‘\‘\‘\H“‘\H““‘L“\‘l‘\‘\‘\‘\u“Jmm‘\UJ‘\J‘\‘U“‘L“‘\“HJ\‘U“J‘I.J“".H‘A“‘\‘\‘\‘J‘LJ‘L

m/z
410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prdiction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

8255 formula(e) evaluated with 34 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-100 H: 1100 N:115 O:130 Na: @3 S:16

Minimum: -1.5
Maximum: 50 5.0 50.0
Mass Calc. Mass mDa PPM DBE -KIT Formula

426.1104 426.1124 -20 -47 135 1221 C21 H20 N3 O5 S



3,4-Dimethoxy-N-(4-(morpholinomethyl)benzyl)-N-phenylbenzenesulfonamide (3i)

SB! IV ! 54d

NOOMN~NOMN~NONSN~0 -0 0 MN~OMN~NO© b [ee]
OUOITNOAHOOMNANLO M I ~NOO0M o —
MMOONN—THOQ OO N oONOoOoY N = CurrentDataParameters
NSNS~ O OO < mmmmm 3V o NAME 11V 1 54d
—\ = | \\/ |
PROCNO 1
F2 ! Acquisition Parameters
Date, 20120522
Time_ 10.25
INSTRUM spect
OMe PROBHD 5 mm PABBO BB'!
N AN PULPROG 2930
| ™ 65536
SOLVENT CDCI3
O J = N. NS 16
S OMe DS 2
SWH 8223.685 Hz
02 FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 181
Dw 60.800 usec
DE 6.50 usec
TE 298.1K
D1 1.00000000 sec
P1 13.50 usec
PLW1 16.00000000 W
SFO1 400.1424710 MHz
F2 ! Processing parameters
Sl 65536
SF 400.1400000 MHz
WD! EM
SSB
LB 0.30 Hz
GB
J PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB IV ! 54d
DONANNDDHORM MO
BRNONNORINISL T YNO oo~ @O
NCAWODDBBNIS S S MO~ @00 mn
HIFNBAINITNAS NNG GGG Em
PR puRcpeps PR R R R R pa g NRR 833350
Current Data Parameters
AME 11V 54d
EXPNO 2
PROCNO 1
F2 ! Acquisition Parameters
Date 20120522
Time 10.29
INSTRUM spec
PROBHD 5mm PABBO BB!
PULPROG zgpg30
D 6
SOLVENT CDCI3
NS
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bW 20.800 usec
DE 6.50 usec
TE 298.7 K
D1 2.00000000 sec
D11 0.03000000 sec
P1 9.00 usec
PLW1 62.00000000 W
SFO1 100.6253441 MHz
= = CHANNEL f2 ==;
CPDPRGZ waltz16
NUC2 1H
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
[ SFO2 400.1416006 MHz
Ll L j ‘i \ N | F2 | Processin
o " o " 4 " ! g parameters
" e A ' " " S| 30768
SF 100.6152830 MHz
WD EM
SSB 0
LB 1.00 Hz
GB
PC 1.20
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



27¢

100%MeOH 11:09:27 23-May-2012
100+ 488.1523
483.1956
(\ N«(j\? OMe
O\) ¥z N.
Ra S OMe
02
556.2771
504.1300
511.2262
‘ ‘ 518.1524 551.3508 ‘
o IR RV 1 1 W W WS IR ‘\ Lhy - L E O L A P A RS ‘H‘w‘m A B .y
480 490 500 510 520 530 540 550 560

Elemental Composition Report

Single Mass Analysis

Tolerance = 20.0 PPM / DBE: min£5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

6053 formula(e) evaluated with 64 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-200 H: 1200 N:115 O:1100 S:650

Minimum: -1.5
Maximum: 50 20.0 50.0
Mass Calc. Mass mDa PPM DBE -KIT Formula

483.1956 483.1954 02 04 125 124 C26 H31 N2 O5 S



27¢

N-((2,3-dihydrobenzofuran-5-yl)methyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3j)

SB I 1'126d! HPLC

DONANTINNLTDNOOANNNINONONINOOONNODNNIMO © o
STOROOUITOANAAOO NN ORI NANNIDADI IO M AN O S N~ N
OORANNNNNNNTOOQORNANANROROOOUNWANSTAAON e Current Data Parameters
NNENNNNNNNNNNNNNOCOCOCOCOCOCOCOCOCOOFETFLMNM MM o NAME SB 11l I126d! HPLC
—ee——————r | EXPNO 1
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120615
Time 21.08
INSTRUM spec
PROBHD 5 mm PABBO BB!
OMe PULPROG 2930
O ™ 65536
SOLVENT CDCI3
NS 16
N Ds 2
~ SWH 8223.685 Hz
S OMe FIDRES  0.125483 Hz
AQ 3.9845889 sec
2 RG 203
bW 60.800 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
TDO 1
SFO1 400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
U PC 1.00
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 0 ppm
SB Il 1126d! HPLC
8 BRIBERBERIBIISR dooo o~ ©
S NBSOBBBRNNIBS S S meeN  HSy ]
g 8338398958599 338 KRR BB3 &

- T 1

Current Data Parameters
NAME SB !l !126d! HPLC
2

EXPNO
PROCNO 1
F2 | Acquisition Parameters
Date_ 20120615

Time 21.10
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG 2gpg30

TD 65536
SOLVENT CDCI3
NS 547

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 299.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

== CHANNEL f1 =:
SFO1 100.6253441 MHz
NUC1 13C
P1 9.00 usec

PLW1 62.00000000 W

== CHANNEL f2 =:
400. 1416006 MHz

CPDPRG[Z wallzlG

PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters
32768

SF 100.6152830 MHz
WD! EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120 100 80 60

ppm



28C

100%MeOH+0.1%HCOOH 16:51:34 22-Jun-2012
1004 448.1198
o) © OMe
</\©VN\ /©: 873.2387
S OMe
O,

%

245.0794

306.0795 556.2771 670.2111

349.1823 595.3713 785.‘4469 u 981.3759
0 i . ‘M“ gy Jl uepupiateparaatury M7
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5,max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

3015 formula(e) evaluated with 10 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-:200 H: 1200 N: 115 O:1100 Na:11 S: 150

Minimum: -1.5
Maximum: 50 5.0 50.0
Mass Calc. Mass mDa PPM DBE -KIT Formula

448.1198 448.11% 03 0.7 125 10.2 C23 H23 N O5 Na S



N-(2-bromobenzyl)-3,4-dimethoxy-N-phenylbenzenesulfonamide (3k)

SB Il !148d
NN AT HTONNDOWMNO vos o < ~
NOSNOIN~NOTMADOLNO T O O W~ QO ™~ I
VOINMMNANNAIOOROR SaN~ 0 N o
NN NNSNNSNNSNNSNNNOOOS <t mm — - o
\k\m % / \ / / ‘ ‘ Current Data Parameters
NAME 148d
EXPNO 1
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120327
Time 10.41
OMe INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG 2930
TD 65536
N SOLVENT CDCI3
~ NS 16
S OMe DS 2
O SWH 8223.685 Hz
Br 2 FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 64
DW 60.800 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
CHANNEL f1
1H
13.50 usec
16.00000000 W
SFO1 400.1424710 MHz
F2 ! Processing parameters
| 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
WA Jt A 1
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm

SB! Il !148d

N4

56.18
56.10

<i
~
T>~—54.09

Current Data Parameters
NAME 148d

EXPNO 2
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120327
Time 18.10
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG 2gpg30

36
SOLVENT CDCI3
NS
DS
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 161
DW 20.800 usec
DE 6.50 usec
TE 298.3 K
D1 2.00000000 sec

di1 0.03000000 sec

DELTA 1.89999998 sec
TDO 1

SFO1 100.6253441 MHz
NUC1 13C

P1 9.00 usec
PLW1 62.00000000 W
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W

PLW12
PLW13

0.36000001 W
0.29159999 W

F2 | Processing parameters
SI 32768

SF 100.6152830 MHz
[ ] WDW EM
R " SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T
200 180 160 140 120

T
100 80 60 40 20 0 ppm

281



282

100%MeOH+0.1%HCOOH 15:43:49 28-Mar-2012
100 464.0337
© OMe
| N. /@
8 OMe
S
7 Br 2 556.2771
486.0160
| 4153215 ||| 501-‘9914
Ot \‘“w““‘\J“”w””\“““\””\”‘“\L‘”“\””\””\”l”w”‘w‘””\””\””‘\””\””\””\”‘L“\‘”w”” m/z
450 460 470 480 490 500 510 520 530 540 550 560
100%MeOH+0.1%HCOOH 15:43:49 28-Mar-2012
100~ 464.0337
462.0375

%

463.0397 | 465.0359

466.“:)281

T T T — T T T T T T { T T T ! T T /.
456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473mZ

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

2971 formula(e) evaluated with 8 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-100 H: 1100 N:115 O:120 S:16 Br: 15

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

462.03B 462.0375 0.0 00 115 6.1 C21 H21 N O4 S Br



28

N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3,4-dimethoxy-N-(oxetan3-

ylmethyl)benzenesulfonamide (4a)

SB! IV ! 70c
ONINNAOONNONANNOMNPDONOODNONMOAMIONMNNMMN I~
ONTONORDIOMONINAOROMNORNRDNNOMAAONOTNNDD WO D
mwmvmNHommmvmwwnwovvqmmwaﬁoommmmmwwmowwmqchmwmmm
NNNNNNNNCOCOO I IITITIITITIISITN OO mmNNNA = NAME 11V 1 70¢
e T e ee—— % !
PROCNO 1

F2 ! Acquisition Parameters

Date 20120521
Time 14.23
O INSTRUM spec
PROBHD 5 mm PABBO BB!
O PULPROG 2930
D 5536
SOLVENT CDCI3
NS 16
. N DS 2
~ SWH 8223.685 Hz
SOZ FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 40.3
DW 60.800 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
OMe
P1 13.50 usec
OMe PLW1 16.00000000 W
SFO1 400.1424710 MHz
FZ ! Processmg parameters
6553
SF 400. 1400000 MHz
EM
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB V! 70c
885 BRGRAIZRIBRY TNHENO dYvEo oo
NNG ddooONddd©8o o QMOVMN O O ® @
85Y SRNNSNENNSS RRRCCE 888HE B8R
Current Data Parameters
NAME IV !170c
EXPNO
PROCNO 1
F2 | Acquisition Parameters
Date 20120521
Time 14.30
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zgpg30
™D 65536
SOLVENT CDCI3
NS 102
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 298.9 K
D1 2.00000000 sec
d1i1 0.03000000 sec
DELTA 1.89999998 sec
TDO
SFO1 100.6253441 MHz
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
F2 | Processing parameters
S| 32768
SF 100.6152830 MHz
WD! EM
" " . i Lol L SSB
i v LB 1.00 Hz
GB
PC 2.00
T 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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100%MeOH+0.1%HCOOH 10:25:00 23-May-2012
100- 460.1801
@]
m
N N.
S0,
K3
OMe
173.0998 OMe 941.3447
“ 632.2732 hh h
O A O R e ‘L”‘\HH\‘H‘w””w“”w”” TRy MYZ
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance =20.0 PPM / DBE: min =1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

5060 formula(e) evaluated with 66 results within limits (all results (up to 1000) for each mass)
ElementdJsed:

C:1-200 H: 1200 N:115 O:1100 S:650

Minimum: -1.5
Maximum: 50 20.0 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

460.1801 460.1794 0.7 15 105 44 C24 H30 N O6 S



28¢

N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-3-methoxy-N-phenylbenzenesulfonamide (5a)

SB! IV ! 43c2

OOCdULONOHONONNEAILTODOH0WMO®DOL) — D NOWOITON~NO -
NDHIOTONTONNAOODONDO AR N N S © ONOANN—HO
NLONONNNNAAAHO NN NRQR O NN QN dusSSNoa O CurrenlDalaParameuers
NNNNNNNNNNNNNG G ©(© 0060011610 m Nrdddoo o E IV 143c2
T\ e———— NP EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date 2012051
Time 14.45
INSTRUM spect
PROBHD 5mm PABBO BB!
PULPROG 2930
O TD 65536
\ SOLVENT CDCI3
NS 16
| DS 2
S N A B, T
.. ra
*g OMe AQ 3.9846387 sec
RG 203
DW 60.800 usec
2 DE 6.50 usec
TE 299.1 K
D1 1.00000000 sec
== CHANNEL f1
1H
P1 13.50 usec
PLW1 16.00000000 W
SFO1 400.1424710 MHz
F2 | Processing parameters
Sl 65536
SF 400.1400000 MHz
WD EM
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T
10 8 7 6 5 4 3 2 1 0 ppm
SB! IV ! 43c2
8L88885IIS8INNIBES oddon ~o orr @ =
DNPLODPIBINONTDD O N mNQoo s ~ua 3 =)
£883838388839338044d INNNSS B3 &R 2 e
Currem Data Parameters
E LIV!43c2
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date 2012052
Time 23.04
INSTRUM spect
PROBHD 5mm PABBO BB!
PULPROG zgpg30
TD 5536
SOLVENT CDCI3
NS 975
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 298.8 K
D1 2.00000000 sec
D11 0.03000000 sec
CHANNEL f1 =:
13C
9.00 usec
62.00000000 W
SFO1 100.6253441 MHz
CHANNEL f2 =
2 waltz16
NUC2 1H
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
SFO2 400.1416006 MHz
F2 ! Processing parameters
N T JL I L § ' Tt
'SF 100.6152830 MHz
WDW EM
SSB
LB 1.00 Hz
GB
PC 1.20
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



28¢

100%MeOH+0.1%HCOOH 17:02:08 29-May-2012
100 517.3735
556.2771
{Q\Q O\ 893.3008
] 458.1409
NN N.
) S OMe
] 173.0963 O, 345.1841
=
991.4331
391.2322
276.0671 683.4413 7734998
vt ‘\“‘HN“ ‘n‘.“‘n“‘ ‘\.‘ ‘h‘.‘ ) ‘i‘l: “h‘ ‘\‘h‘ ‘Hl‘ J ‘J\‘“ m/z
100 200 300 400 500 600 700 800 900 1000
100%MeOH+0.1%HCOOH 17:02:08 29-May-2012
100- 517.3735
556.2771
458.1409
N 475.3255
547.3858
485.3457 539.3553
569.3707
NV T e TN i Y \
o-Hul) JJW “H\ Lt ‘\“‘\M JJM " N m“‘ | “‘\"M"w“‘“‘\‘I‘l‘l‘\‘\‘J‘\H‘““H“‘J\‘\ ‘\u‘.‘\‘x‘\ ‘\"““_N‘\H\,‘u;’u“‘\m\‘\‘\MM | ‘M«m\ﬂ‘H"u‘“‘u ‘\H‘\‘L‘ u‘muMMUMMM‘ miz

450 460 470 480 490 500 510 520 530 540 550 560 570 580
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBEin =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

9185 formula(e) evaluated with 36 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-200 H: 1200 N:115 O: 1100 Na:€1 S:050

Minimum: -1.5
Maximum: 50 5.0 50.0
Mass Calc. Mass mDa PPM DBE -KIT Formula

458.1409 458.1402 07 15 135 876.2 C25 H25 N O4 Na S



N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-N-phenyl-4-
(trifluoromethoxy)benzenesulfonamide (5b)
ZD 1133

8.143
8.121
7.718
7.697
7.470
7.449
7.326
7.305
7.290
7.278
7.255
7.247
7.240
6.981
6.972
6.896
6.891
6.869
6.621
6.601
6.246
6.222
5.600
5.575
4.647
—2.188
—1.398

S e

0 © OCF,
X °S
R

0.018

Current Data Parameters
NAME zD !

11133
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120719
Time 10.17
INSTRUM spec
PROBHD 5 mm PABBO BB!
PULPROG 2930

TD 65536
SOLVENT CDCI3
NS 16

Ds 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 32

DwW 62.400 usec

DE 6.50 usec

TE K

D1 1.00000000 sec
TDO 1

======== CHANNEL f1 ========
SFO1 400.1424710 MHz
NUC1 1H

P1 13.50 usec

PLW1 16.00000000 W
F2 | Processing parameters
65536

S| 5.
SF 400.1400000 MHz
W EM

0
LB 0.30 Hz

Sg 0 1.00
Lﬂuh |

10 9 8 7 6



28¢

100%MeOH+0.1%HCOOH 13:53:44 31-Aug-2012
100~ 512.1106
o) © OCF,
N N. /©/
507.1550 8 556.2771
2
N
528.0762
1 500.3664 | 523,151 5351844 | 546.1189 H ’ 573.1879
0Ll gt ‘\“J b ‘1“‘ — ‘l” “HJ “ . ‘n‘.‘u‘]‘l gt J I P . ‘J“‘\l‘ ‘i“H““ - ‘L‘LJ‘J m/z

500 505 510 515 520 525 530 535 540 545 550 555 560 565 570
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

29508 formula(e) evaluated with 118 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-:200 H: 1200 N: 115 O:1100 F:16 S:150 Na:?2

Minimum: -1.5

Maximum: 5.0 5.0 50.0

Mass Calc. Mass mba PPM DBE -KIT Formuh

512.1106 512.1119 -1.3 -25 135 164 C25 H22 N O4 F3

S Na



2-(4-(N-((2,2-Dimethyl-2H-chromen-6-yl)methyl)-N-phenylsulfamoyl)phenyl)acetic
(5¢)

SB! 1! 102d
H1
CDCI3 Yoo dTTODITOW O o © n ©
04/12/11 NNNNOMONDOOMS H © 0~ V] o
ONNADONNNM M NN N~ o (32} S
MNNNMNNOOOOOOOL < m o™ — o
‘\‘\,\\\/// / ‘ ‘ ‘ Current Data Parameters
NAME SB r1r102d
EXPNO
PROCNO 1
F2 | Acquisition Parameters
Date_ 20110412
Time 9.21
COOH INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG 2930
O TD 65536
SOLVENT CDCI3
NS 16
DS 2
SWH 8223.685 Hz
\ N ~ FIDRES 0.125483 Hz
S AQ 3.9846387 sec
O RG 144
2 DW 60.800 usec
DE 6.50 usec
TE 295.9K
D1 1.00000000 sec
= CHANNEL f1
1H
13.50 usec
16.00000000 W
400.1424710 MHz
F2 | Processing parameters
SI 65536
SF 400.1400054 MHz
WDW EM
! SSB 0
I I | LB 0.30 Hz
I | [ GB 0
Jd PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! 1! 102d
C13
CDCIB & & & 8333593339848 T T 8% 83 2 .
04/12/11 3 3 = $ISISHBAIZL]RY N < S ox o @
[N Vo vy

Current Data Parameters
NAME SB (AN

102d
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20110412
Time 10.10

INSTRUM spect

PROBHD 5 mm PABBO BB'!

PULPROG zgpg30
6553

TD
SOLVENT CDCI3
NS 837

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203

DW 20.800 usec
DE 6.50 usec

TE 296.5 K

D1 2.00000000 sec
di1l 0.03000000 sec
DELTA 1.89999998 sec
TDO 1

SFO1 100.6253441 MHz
NUC1 13C

Pl 9.00 usec

PLW1 62.00000000 W
SFO2 400.1416006 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W

F2 | Processing parameters
SI 32768

SF 100.6152830 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 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

28¢

acid



COOH

29C
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N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-3,4-difluoro -N-phenylbenzenesulfonamide (5d)

ZD'1'!38

O NWLITNOONNAAMINTOOHNDAANO VDD )
AONYINAOONODONNODOMADDO XM ~Q
DITYITNANNNNDNNDNADDOONNG O © < Current Data Parameters
NNENNNMNNNNNNNN OGO OGOOOO OO0 — NAME ZD 11138
\N %/r///w/&// \/ EXPNO

PROCNO 1

F2 ! Acquisition Parameters

Date_ 20120830
Time 13.36
INSTRUM spect
PROBHD 5 mm PABBO BB !
PULPROG 2930
) 65536
SOLVENT cDCi3
o = NS 16
DS 2
SWH 8012.820 Hz
FIDRES ~ 0.122266 Hz
AQ 4.0894465 sec
N N RG 128
~S F DW 62.400 usec
DE 6.50 usec
O TE
D1

1.00000000 sec
1

SFOL

400.1424710 MHz
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
F2 | Processing parameters
SI 65536
SF 400.1400000 MHz
WD EM
SSB
LB 0.30 Hz
GB
PC 1.00

10 9 8 7 6 5 4 2 1 ppm
ZD'| ! 38
o4 HOHNONNONO AN ®
5 85438 EOR3RI Yaow ® ~
N BAPD DB O NGNS O R ~ @
g 2833339383953 NN 3 N
Current Data Parameters
NAME zD 11138
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120830
Time 13.40
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG zgpg30
D 65536
SOLVENT CDCI3
NS 42
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DwW 20.800 usec
DE 6.50 usec
TE 298.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TD 1
SFO1 100.6253441 MHz
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W
= CHANNEL f2 ==;
400.1416006 MHz
NUC2 1
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
F2 | Processing parameters
S| 32768
SF 100.6152830 MHz
WDW EM
SSB
LB 1.00 Hz
GB
T T T T T T T T T T PC 140
200 180 160 140 120 100 80 60 40 20 ppm




29z

100%MeOH+0.1%HCOOH 13:45:26 31-Aug-2012
100 464.1007
e
{_ X
X “S F
O,
-
556.2771
480.0858
547.1125
L | 499.2952 517.2872 530.1618 | |
Ot R e T o T e e e R e e e MY Z
460 470 480 490 500 510 520 530 540 550 560

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

18747 formula(e) evaluated with 66 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-:200 H: 1200 N: 115 O:1100 F:16 S:150 Na:?12

Minimum: -1.5
Maximum: 50 5.0 50.0
Mass Calc. Mass mDa PPM DBE -KIT Formula

464.1097 464.1108 -1.1 -24 135 5.7 C24 H21 N O3 F2 S Na



29¢

N-((2,2-dimethyl-2H-chromen-6-yl)methyl)-4-methoxy-N-phenylbenzenesulfonamide (5e)

(7
N g
0O,
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N-((2,2-dimethylchroman-6-yl)methyl)-4-methoxy-N-phenylbenzenesulfonamide (6a)

SB! IV! 84a

- Current Data Parameters
IAME SB

Tree——a\— \/ \V N \\/ﬂ////m// Eég’éﬁo 11!|V!34a

F2 ! Acquisition Parameters

Date_ 20120605
Time 10.03
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zg
D 65536
(0] OMe SOLVENT CDCI3
NS 16
DS 2
SWH 8223.685 Hz
N N FIDRES 0.125483 Hz

S AQ 3.9846387 sec
RG 718

02 DW 60.800 usec
DE 6.50 usec
TE 297.2 K
D1 1.00000000 sec
======== CHANNEL f1 ====:
NUC1 1H
P1 13.50 usec

PLW1 16.00000000 W
SFO1 400.1424710 MHz

F2 | Processing parameters
SI 65536

SF 400.1400000 MHz
WDW E
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB!I IV! 84a
D TOTDORMNPIOWOWLO WV
8 IVOHRACAARBBOIRR S S Qoo QW Qowo Y
N NOOCIPIRBNNCHSOTM noro oo SeRa® 3
© BARIIIINNNNNR A~ NN O 0 Yoo
SR PR R R RE RN PR PR s s a ~NRN B5H HONNN ©
Current Data Parameters
NAME SB V! 84a
EXPNO
PROCNO 1
F2 ! Acquisition Parameiers
Date_ 120605
Time_ 10.06
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2gpg30

TD
SOLVENT CDCI3
NS 30

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631988 sec

RG 203

bW 20.800 usec

DE 6.50 usec

TE 297.5K

D1 2.00000000 sec

D11 0.03000000 sec
CHANNEL f1

NUC1 13C

P1 9.00 usec

PLW1 62.00000000 W
SFO1 100.6253441 MHz

CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec

PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
SFO2 400.1416006 MHz

F2 ! Processing parameters
Sl 32768

ISF 100.6152830 MHz
DW EM

WI

SSB 0

LB 1.00 Hz
GB 0

PC 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



29¢

100%MeOH+0.1%HCOOH 09:16:24 08-Feb-2012
100+ 460.1537
O © OMe
] N <
Sa 0,

539.2924 ©556.2771

450.1672

‘ 476.1313 523,?233
1

fhe b L o P PN B |

w“w‘”ww“mww“‘w

\ it trrpree MYZ
530 540 550 560

T T
580 590

4é0 440 450 460 4%0 4é0 4§O 5(50
Elemental Composition Report

A AR
510 520 570

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element predictionOff

Monoisotopic Mass, Even Electron lons

10789 formula(e) evaluated with 35 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-100 H: 1100 N:115 O:130 Na: @3 S:16

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mbDa PPM DBE Formula

460.1537 460.1559 -22 -48 125 C25 H27 N O4 Na S



29¢

N-((2,2-dimethylchroman-6-yl)methyl)-3,4-dimethoxy-N-(oxetan3-
ylmethyl)benzenesulfonamide (6b)

SB IV ! 76b
NN T IFTHONUNONNMNMOINODINOVTAOON—TNNDONEAITMOLW N~
NOOOTONMNMAdMAONOTNOONLULMNTOOONLLMNMANNTD AT N~NN
TYXYNATPONONNYELLIINAAAANNINOOONNNOONOMNO  cyrent Data Parameters
NNNNNOCOCOOC OIS MO O moNNN—ATdA = NAME a5 TCIN 1760
\\N\/ \\ﬂ//%/f%/ EXPNO
PROCNO 1

F2 | Acquisition Parameters
Date_ 20120531

Time 15.38

INSTRUM spect
PROBHD 5 mm PABBO BB !
PULPROG 2930

TD 65536
SOLVENT CDCI3
NS 16

(@) DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
N RG 101
~ bw 60.800 usec
SO2 DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
= CHANNEL f1
1H
13.50 usec
16.00000000 W

SFO1 400.1424710 MHz

OMe F2 ! Processing parameters
Sl 65536
OMe SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB! V! 76b
W LOAINDODIMON
0 © N OHONOMSS I~ MmNOWBnN —w< =g N
Moo doNdHdoONC o MONHY N~ ©© o<
nw< MOANNNN—AA—THO ~~ons ©ON— TN © N
aaS JERRRRRR RN a1 NRRRS B0 b RELIRRN
Current Data Parameters
NAME SB 1IvV!176b
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120601
Time 14.19
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG 2gpg30
TD
SOLVENT CDCI3
NS 440
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 114
bW 20.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
P1 9.00 usec
PLW1 62.00000000 W
SFO1 100.6253441 MHz
= CHANNEL 2 =
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
J J L‘ l L PLW13 0.29159999 W
" " i bbbl Lo [ \ SFO2  400.1416006 MHz

F2 | Processing parameters
Sl 32768

SF 100.6152830 MHz
WDW EM

SSB 0

LB 5.00 Hz

GB 0

PC 1.00

T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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100%MeOH+0.1%HCOOH 15:37:58 08-Jun-2012
100 484.1769
0]
@)
N.
S0,
556.2771
S
OMe
462.1959 OMe
479.2238 500.1524
457.2779 ‘ 1 473, 2507 ‘ ‘ 507.2768 517 3445 527.3005 537.3792  551.3224
O b b Hw SN ERTETT H g At i i ‘m“h““““h‘w“‘NJ"_H‘ m/z

450 | 460 470 | 480 490 500 510 520 530 540 550 560
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisobpic Mass, Even Electron lons

4033 formula(e) evaluated with 8 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-200 H: 1200 N:115 O:1100 S:150

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

462.1959 462.1950 0.9 1.9 95 1379 C24 H32 N O6 S



N-Cyclobutyl-N-((2,2-dimethylchroman-6-yl)methyl)-3,4-dimethoxybenzenesulfonamide
(6c)

SB IV! 79a

N.
EXPNO

- Current Data Parameters
AME SB

1IV179a

PROCNO 1

F2 | Acquisition Parameters

Date_ 20120601
Time 10.36
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG zg30
O OMe ™ 65536
SOLVENT CDCI3
NS 16
DS 2
N N SWH 8223.685 Hz
S OMe FIDRES 0.125483 Hz
AQ 3.9846387 sec
2 RG 128
bw 60.800 usec
DE 6.50 usec
TE 298.
D1 1.00000000 sec
P1 13.50 usec
PLW1 16.00000000 W
SFO1 400.1424710 MHz
F2 | Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SBI IV ! 79a
Soms o ~NON~NOOWO SN
JARSR RATRBINHO YomHn NDON© ~o0o @ =
NGO dwHdoccoo RIS NN~ M ~ooo o <
nLIIT ST MOANNNAAO NN VONOOD o © © L < o
A3333 S385444A SERRN B853S HSAAQ S 2
Current Data Parameters
NAME SB LIV!79a
EXPNO
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120601
Time 10.53
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 711
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 298.4K
D1 2.00000000 sec
D11 0.03000000 sec
======== CHANNEL f1 ==
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W
SFO1 100.6253441 MHz
======== CHANNEL f2 ==
CPDPRG2 waltz16
UCc2 1H
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
SFO2 400.1416006 MHz
F2 | Processing parameters
bl | ol S
. SF 100.6152830 MHz
WDW EM
SSB
LB 1.00 Hz
GB
PC 1.20
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



29¢

100%MeOH+0.1%HCOOH 15:34:36 08-Jun-2012
100+ 447.1958
@) <> OMe
X
S OMe
S Oz
275.1773 556.2771
183.0670
0 Lkl ad 3372267 bl ‘L | . 6633969 818.2002 9153450 miz
L A L L B L L L B AL L L L L B N LA
100 200 300 400 500 600 700 800 900 1000

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Ean Electron lons

3713 formula(e) evaluated with 7 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-200 H: 1200 N:115 O:1100 S:150

Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE -FIT Formula

447.1958 447.1954 0.4 09 95 54 C23 H31 N2 O5 S



30C

4-(N-Benzy}3,4-dimethoxyphenylsulfonamido)phenyl3,4-dimethoxybenzenesulfonate (7a)

SB! IV! 27f2R
OCNNDMT N T DO o MmN~ md o o
OFTNONNIOMO S © OO ~ —
NNNN—H0 00K X © XX 0 S Current Data Parameters
NNNNNG GO OO < Hmmom — S NAME  SB  1IV!27f2R
&\ /(// ‘ \\ V EXPNO 1
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120509
Time 12.30
INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2930
OMe ™ 65536
SOLVENT CDCI3
NS 16
DS 2
N_ SWH 8223.685 Hz
S OMe FIDRES 0.125483 Hz
O, o) AQ 3.9846387 sec
MeO s 2 RG 203
€ N DW 60.800 usec
O DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
MeO = CHANNEL f1 =
1H
P1 13.50 usec
PLW1  16.00000000 W
SFO1  400.1424710 MHz
F2 ! Processing parameters
] 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB IV! 27f2R
NPT ANNNOOMMONO =T oW
SRISEHRIBIINEBBHIA ox N ~owa
NG BB IO BB CNOS SO @an NS0
BHRILLHBIRREREITSSSS N © PEp% pr g
933393388 83388d3ag NN B8B83

N

e
Y

N\

<«
S~
<

Current Data Parameters
E B

LIV 2712R
EXPNO 2
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120515
Time 16.51
INSTRUM spect

PROBHD 5 mm PABBO BB!
PULPROG zgpg30
TD

65536
SOLVENT CDCI3
NS 220

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
Al

Q 1.3631988 sec
RG 144
bW 20.800 usec
DE 6.50 usec
TE 298.4 K
D1 2.00000000 sec

D11 0.03000000 sec

CHANNEL f1 ==
13C

9.00 usec
62.00000000 W
SFO1 100.6253441 MHz

CHANNEL 2 ==:
waltz16
1H

90.00 usec
16.00000000 W
0.36000001 W
0.29159999 W
SFO2 400.1416006 MHz

F2 ! Processing parameters
S 32768

SF 100.6152830 MHz

WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 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



301

diluted in 100%MeOH 11:57:11 04-May-2012

100+ 600.1365

%
z =z
® @
o ©O
/
o
4

556.2771
595.3797

575.4017 617.1668
‘ 561.3944 567.3083 579.3008 590.4130 605.4025611 3325

0 H‘\‘MH\‘\‘H“H‘\‘\‘ “\‘1\‘\‘\\4‘\“\‘\“\h\‘u ‘\‘\‘\‘\\H\ miz
550 555 560 565 570 575 580 585 590 595 600 605 610 615
Elemental Composition Report

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Even Electron lons

9247 formula(e) evaluated with 53 resultshm limits (all results (up to 1000) for each mass)
Elements Used:

C:1-100 H: 1100 N: 115 O:1100 S:66

Minimum: -1.5
Maximum: 50 5.0 50.0
Mass Calc. Mass mbDa PPM DBE Formula

600.1365 600.1362 0.3 05 155 C29 H30 N 09 S2



30z

N-((2,3-Dihydrobenzofuran-5-yl)methyl)-2,4-dimethoxy-N-phenylbenzenesulfonamide (8a)

SB Il 1128d

CNONOANMTONNMNANOMNMODAOMOONMDAOON M ~ o
NTOAODVOTNNOONOMMANTONOMAMUON0OMO I~ N
CONNAAATOONNOONTIITIONMINORAAAO © N o
MNNSNSNSNNSNNNNNNOOOOOOOOOSTITITONOMMMON o o
l\l\m\ \/ %/%/ v%// % ’ ‘ ‘ Current Data Parameters

NAME SB i1 128d
EXPNO 1
PROCNO 1
F2 | Acquisition Parameters
Date_ 20120309
O M e Time 13.41
(@) INSTRUM spect
PROBHD 5 mm PABBO BB!
PULPROG 2930
N TD 65536
~ SOLVENT CDCI3
S NS 16
DS 2
SWH 8223.685 Hz
2 O Me FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 144
DW 60.800 usec
DE 6.50 usec
TE .
D1 1.00000000 sec
CHANNEL f1
NUC1 1H
P1 13.50 usec
PLW1 16.00000000 W
SFO1 400.1424710 MHz
F2 | Processing parameters
SI 65536
SF 400.1400000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
SB I 1128d
8¢N HBBENBERIBCB § » oo ©mo o
fow© POFBBBNNIOS B o N LS A~ © ©
S Bn S3IIXIINNRIS S @ N 01518 o
S99 RERCR R R R R R R R R R NN N 8115 Q
Current Data Parameters
NAME SB i 1128d
EXPNO 2
PROCNO 1
F2 ! Acquisition Parameters
Date_ 20120309
Time 13.44
INSTRUM spect
PROBHD 5 mm PABBO BB'!
PULPROG 2gpg30
™D 65536
SOLVENT CDCI3
NS 146
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bW 20.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
CHANNEL f1
NUC1 13C
P1 9.00 usec
PLW1 62.00000000 W
SFO1 100.6253441 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.36000001 W
PLW13 0.29159999 W
l l J SFO2  400.1416006 MHz
o e o ' " ¢ . y . " " ’ 2 | Processing parameters
S| 32768
SF 100.6152830 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

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



30¢

in 50%ACN+0.1%HCOOH 14:07:04 14-Mar-2012
100~ 448.1
e} © OMe
< </\©\/ N \S/Q/
] 92 OMe
227.0 267.1
306.1 355.1 426.1
332.0 556.3
376.9 464.1 501.2 5313 502.9
0 Hg L e L0100 0 e . s ‘-‘ e a0 11174
250 300 350 400 450 500 550 600 650 700
in 50%ACN+0.1%HCOOH ITSD=556.2771 14:31:26 14-Mar-2012
100+ 448.1180
556.2771
D\O,
1 464.0922
0 "‘J“\"“‘ ‘\“‘“"‘\“““‘\““‘\‘“‘l“‘\“““\“‘“\‘““"\“""\““\“““\““\““““\“"“‘\““‘\““\““\““\“““\““‘\““\““\““1"\“‘ m/z
450 460 470 480 490 500 510 520 530 540 550 560

Elemental Composition Report

SingleMass Analysis

Tolerance = 5.0 PPM / DBE: min-£.5, max = 50.0
Element prediction: Off

Number of isotope peaks used fdflil = 3

Monoisotopic Mass, Even Electron lons

5917 formula(e) evaluated with 27 results within limits (all results (up to ¥60@pach mass)
Elements Used:

C:1-100 H: 1100 N: 115 O:120 S:16 23Na: 6l

Minimum: -1.5
Maximum: 50 5.0 50.0
Mass Calc. Mass mDa PPM DBE -KIT Formula

448.1180 448.1195 -15 -33 125 95 C23 H23 N O5 S Na



304

4-(N-benzykN-phenylsulfamoyl)phenyl 2bromoacetate (8b)

o Loy








































































































































































































































































































































































