ABSTRACT
Synthesis, Characterization, and Biological Evaluation of Bioreductively Activatable
Prodrug Conjugates (BAPCs) of Phenstatin, KGP18, OXi6196, Combretastatin A-1, and
Combretastatin A-4
Blake A. Winn, Ph.D.

Mentor: Kevin G. Pinney, Ph.D.

Selective targeting of tumors with anticancer agents represents a universally
important strategy to improve efficacy and reduce patient side effects. Targeting tumor-
associated hypoxia (low oxygen tension) represents one type of promising therapeutic
regimen. Bioreductively activatable prodrug conjugates (BAPCSs) are designed to be
biologically inert under normoxia, however in hypoxic environments they will selectively
release their parent anticancer agent. Inhibitors of tubulin polymerization (assembly) are
promising anticancer agents for functionalization as their corresponding BAPCs. Upon
hypoxia-selective release, these compounds function biologically as antimitotic agents
with a subset demonstrating dual mechanistic capability as potent vascular disrupting
agents (VDASs), which selectively damage tumor-associated vasculature leading to
enhanced tumor necrosis. Phenstatin, OXi6196, combretastatin A-1 (CAl),
combretastatin A-4 (CA4), and KGP18 are promising anticancer agents for development
as BAPCs. These compounds are effective inhibitors of tubulin assembly and

demonstrate potent activity in vitro against human cancer cell lines.



Synthetic pathways have been identified for the preparation of nitrothienyl
prodrugs of CA1 and CA4 using the nor-methyl, mono-methyl, and gem-dimethyl
nitrothiophene-based triggers. A regioselective protecting group strategy was utilized in
order to synthesize the nitrothiophene triggers regioselectively to the C-2 and C-3
positions of CAL. Tosyl, isopropyl, and tert-butyldimethylsilyl protecting groups were
important in establishing this CA1 regioselectivity. Several series of BAPCs were also
developed based on phenstatin, KGP18, and Oxi6196 using nor-methyl, mono-methyl,
and gem-dimethyl variants of the nitrothiophene, nitrobenzyl, nitroimidazole, and
nitrofuran triggers. A selection of the CA1, CA4, and phenstatin BAPCs were evaluated
biologically for their ability to inhibit tubulin assembly as well as their stability in
aqueous conditions and their ability to undergo enzymatic cleavage in the presence of

NADPH cytochrome P450 oxidoreductase.
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CHAPTER ONE

Introduction

Healthy and structured vasculature is required to efficiently deliver nutrients to
and eliminate waste products from cells throughout the body.*™ Vasculature in healthy
tissue is a well-organized system of vessels ranging in size from capillaries to arteries and
veins (Figure 1.1)."** In contrast, tumor-associated vasculature is a disorganized system,
spread in a more random fashion and is subject to weak and inconsistent blood flow,
reducing the overall nutrient delivery to the tumor.**! Poorly structured tumor-associated
vasculature offers an effective target to neutralize the nutrient-starved tumor, reducing or

possibly eliminating blood flow to the tumor through vascular disruption or destruction.®
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Colon carcinoma Melanoma Sarcoma

Figure 1.1. Comparative Images of Vasculature in Healthy Tissue Versus Tumor-
Associated Vasculature.**



Vascular Targeting Agents
One therapeutic option to target tumor-associated vasculature is the employment
of vascular targeting agents (VTAs).1*! Vascular targeting agents are divided into two
distinct classes of compounds: angiogenesis-inhibiting agents (AlAs), which disrupt the
formation of new vasculature in the tumor, and vascular disrupting agents (VDAs), which

collapse and destroy existing tumor vasculature (Figure 1.2).%*
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Figure 1.2. The Effects of Vascular Disrupting Agents and Angiogenesis-Inhibiting
Agents on Tumor-Associated Vasculature.?

Tumor angiogenesis is the development of new vasculature within the tumor,
which can be attributed to the presence of vascular endothelial growth factor-A (VGEF-
A).21?13 A5 most of the new vasculature in the tumor is generated at the periphery, AIAs
are most active inhibiting the newly forming vessels in that region.>*?™* With fewer
overall blood vessels forming in the tumor, the remaining vasculature has less
competition for blood flow, enhancing overall blood flow and nutrient delivery in the

tumor (Figure 1.2)."*® This enhanced blood flow allows for the improved delivery of



cytotoxic agents and radiotherapy treatments.™® Thus, AlAs are most effective in
combination regimens, enhancing the efficacy of established cytotoxic agents such as

carboplatin and paclitaxel in solid tumors, a difficult therapeutic target.>***3

Vascular Disrupting Agents

Vascular disrupting agents represent another therapeutic option for targeting
blood vessels in tumors, functioning by collapsing the existing vasculature.*™ VDAs
typically target the endothelial cells lining the vessel walls, subduing or eliminating blood
flow through the damaged vessel (Figure 1.3).* One subset of VDAs contains small
molecules that act through microtubule disruption in the endothelial cells lining the vessel
walls.*™ The disruption of microtubule assembly causes the cells to lose shape and round
up, removing the structural integrity of the endothelial layer inside the vessel walls and
allowing the body’s interstitial pressure to collapse the vessel (Figure 1.4)."1 VDAs
work well in concert with AlAs, as they only act on existing vasculature and cannot
prevent vessel regrowth.**® Combinatorial therapies have shown promising results,

reducing overall tumor growth.***°

(a) (b)
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Figure 1.3. Comparison of Healthy Vasculature and Tumor-Associated Vasculature.
Effects of Vascular Disrupting Agents on Tumor-Associated Vasculature.’
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Figure 1.4. Results of Endothelial Cell Disruption by VDAs on Vasculature.**

Combretastatin A-1 and Combretastatin A-4

Combretastatin A-1 (CA1) and combretastatin A-4 (CA4), natural products
discovered by Pettit and co-workers, are two potent vascular disrupting agents that inhibit
microtubule assembly.?®® CA1 and CA4 (Figure 1.5) were first isolated and
characterized by the Pettit group from the African bush willow tree Combretum caffrum
Kuntze (Combretacae).?*?®* Combretum caffrum bark has been historically utilized by the
Zulu tribe as a charm to ward off enemies.?® The two natural products, CA1 and CA4,
have the same biological mechanism of action, interacting with the colchicine binding
site on tubulin to disrupt microtubule assembly, leading to a loss a defined cellular
structure and collapsing the vasculature.?*%> With the aid of enhanced solubility, the
phosphate salt prodrugs of CA1 (OXi4503) and CA4 (Zybrestat'™) have shown potency

in clinical trials, and Zybrestat™ has reached advanced clinical trials.*8%27-%?
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Figure 1.5. Structures of CAl, CA4, Phenstatin, KGP18, and OXi6196 and Their
Phosphate Salts
Phenstatin

Phenstatin, first synthesized by Pettit and co-workers, is a potent cytotoxic agent
and an inhibitor of tubulin polymerization, collapsing tumor vasculature (Figure 1.5).283*
Discovered serendipitously by the Pettit group during an attempt to synthesize an epoxide
at the Z-stilbenoid bridge of CA4, phenstatin was first obtained as the surprising result of
a Jacobsen epoxidation reaction (Figure 1.6).%® A diarylacetaldehyde was formed after a
phenyl shift during the epoxidation, and subsequent oxidative cleavage yielded the
silylated phenstatin.®® Phenstatin has the same biological mechanism of action as CA4,
disrupting microtubule assembly through interactions with the colchicine binding site on
tubulin.® In preliminary biological evaluations to determine the ability of phenstatin to
inhibit tubulin polymerization activities of phenstatin and its corresponding phosphate

prodrug in cell assays are very similar to those of CA4 and combretastatin A-4 phosphate

(CA4P) 283
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Figure 1.6. Proposed Mechanism for the Formation of Phenstatin from CA4
during a Jacobsen Epoxidation Reaction®
Structurally Modified Analogues of CA4

The relative simplicity of the Z-stilbenoid molecular architecture inherent to CA4
had led to many structural modifications. The Pinney Research Group (Baylor
University) has a well-established program that centers on the design and synthesis of
new small-molecule inhibitors of tubulin polymerization that are inspired by natural
products, including CA4, CAL, and colchicine. KGP18, for example, is a benzosuberene-
based CA4 analogue that functions biologically with a similar mechanism of action to
that inherent to CA1 and CA4, collapsing tumor-associated vasculature (Figure 1.5).34%
In preliminary biological testing, KGP18 and its corresponding phosphate salt have been
shown to be effective inhibitors of tubulin assembly and VDAs, displaying potent

cytotoxicity across a number of human cancer cell lines such as SK-OV-3, NCI-H460,

and DU-145,3+3%



0OXi6196, the 6-membered ring analog of KGP18, was first synthesized by the
Pinney group in 2004 (Figure 1.5).3**” Owing in part to a nearly identical structure to
KGP18, OXi6196 is also a highly active inhibitor of tubulin assembly.***” The
preliminary biological data for OXi6196 is promising, showing excellent inhibition of

tubulin assembly and potent cytotoxicity against human cancer cell lines.*

Tumor Vasculature
Tumor-associated vasculature is an attractive therapeutic target due to its distinct

differences from blood vessels feeding healthy tissue.>#¥ Due to the rapid growth of
the tumor tissue in comparison to the cellular division rate of the endothelial cells of
blood vessels, tumor-associated vasculature tends to be poorly formed.3#384° The tumor-
associated vasculature not only lacks the overall structure and organization of vasculature
feeding healthy tissue, but also can be irregularly shaped with inconsistent vessel
diameter and wall thickness. The vessels in tumors can feature blind ends, occlusions,
and bulges (Figure 1.7).383% Inconsistent vessel wall thickness, leading to thin spots in
the walls, can cause increased interstitial pressure due to fluid permeability.3®#4° Leaky
vessel walls are common due to the disjointed nature of the endothelial cells and luminal
Iayerl3,8,38—49

All of these conditions in addition to irregular branching among the vessels causes
the blood flow in tumor-associated vasculature to be inconsistent, sometimes even
flowing in opposing directions within a blood vessel.*3%39 poor blood flow in addition
to varying distances between tumor-associated vasculature leads to regions of

pronounced hypoxia, as the vessel distance becomes greater than the diffusion distance of

oxygen (Figure 1.8).>%*%49 Solid tumor microenvironments can also experience pH and



catabolite gradients as well as reduced cell proliferation. Hypoxic regions can become

3,8,38-49

more acidic in nature than standard tissue.

Figure 1.7. Microvascular Cast of Healthy Lung Tissue Versus Human Sigmoidal
Adenocarcinoma [blind ends circled, abnormal bulges noted with arrows]
as Seen Through Scanning Electron Microscopy®*°

blood vessel  /

Figure 1.8. Characterization Displaying the Difference Between Tumor Tissue Growing
Around Standard Tumor Vasculature Versus Damaged Vasculature.’



Tumor Hypoxia

Tumor heterogeneity, particularly due to hypoxia, poses a unique obstacle in the
clinical management of neoplastic disease based on traditional interventions, provided
divergent biological characteristics on which these are rationalized (Figure 1.9).23%%
Hypoxia in tumors incites a number of biological responses, ranging from increased
metastasis and partial arrest of DNA repair mechanisms to aberrant genomic regulation of
pro-apoptotic signaling, leading to suppression of apoptosis and an initiation of
autophagy.®® By convention, the underlying mechanisms traditional therapies are
targeted to cannot be relied on in normal solid tumor biology for comprehensive curative
effects.®3* Radiotherapy as well as a number of cytotoxic agents such as taxanes and
platinum-based agents have been shown to be less effective against hypoxic tissues and
solid tumors.®***° Since hypoxia diminishes traditional therapeutic efficacy, it has

become a tempting target for new anticancer agents and treatments.®¢%
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Figure 1.9. Intrinsic Features of Tumor-Associated Vasculature and the Biological
Consequences of Those Conditions.’



Hypoxia activated prodrugs (HAPS) / bioreductively activatable prodrug
conjugates (BAPCs) are a promising therapeutic option for targeting tumor hypoxia.>®
HAPs and BAPCs utilize bioreductive initiation mechanisms through enzymatic activity,
typically NADPH cytochrome P450 oxidoreductase (POR) and NAD(P)H dependent
flavoproteins, activating selectively in low oxygen environments.®*

Ideally, HAPs and BAPCs have a number of requirements to ensure maximum
effectiveness, from favored activation in low oxygen environments over normoxic
conditions to cytotoxicity against non-proliferative cells in hypoxic regions and the
capacity to diffuse to the low oxygen areas of the tumor while active.**® A number of

HAPs and BAPCs have reached the point of clinical trials, including tirapazamine, TH-

302, PR-104, and AQ4N.%*® Although several of the BAPCs have displayed promising

results in Phase | and Phase I trials, no BAPC has yet made it past Phase 111 trials.®%
? - 9 € e 2e
R-NO, m R-NO, R-NO ={R-NOH R-NHOH RNH2|:> Drug Release
“o, o,

Figure 1.10. Reduction Pathway of Nitro to Amine for Bioreductively Activatable
Prodrugs Via NADPH Cytochrome P450 Oxidoreductase®®
Tirapazamine
Tirapazamine, an aromatic N-oxide synthesized by Zeman et al., was one of the
trailblazers for the BAPC field.2*>" Activated by one electron reductases such as
cytochrome P450 oxidoreductase, tirapazamine is first radicalized by POR, which splits
into a hydroxyl radical and a benzotriazinyl radical (Figure 1.11).8%*%" Both the hydroxyl

radical and benzotriazinyl radical can oxidize DNA and damage the strand.**%

10



If tirapazamine reacts with a two electron reductase, it will be reduced into the
mono N-oxide, rendering it effectively non-toxic.? Since this reduction pathway
eliminates the tirapazamine’s toxicity, it can be viewed as a bioprotective step in the
body.? Due to promising results in cell line testing, tirapazamine has been taken into
clinical trials.® While Phase | and Phase Il trials yielded positive results, multiple Phase

111 trials showed little to no benefit or increased survival duration in several cell lines.®

N®
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®9® o ® 6(')@ / \
©: N N e ,H @[ N: N
%?/)\NHZ /\ l;l)\NHz DNA double-strand breaks
o0 ‘0, 0, o \ % /
tirapazamine ﬁ“(?‘l '

Figure 1.11. Bioreductive Activation of Tirapazamine®

TH-302, AQ4N, and PR-104
TH-302, synthesized and tested by Threshold Pharmaceuticals, is a 2-
nitroimidazole based BAPC attached to DNA alkylating agent bromo-
isophosphoramide.®*®*° The prodrug is activated by one electron reductases such as
cytochrome P450 reductase, reducing the nitro group on the nitroimidazole trigger to an
amine (Figure 1.12).8°8%°
The free electron pair on the amine can then push into the ring, causing an

electron cascade that cleaves the trigger, releasing the active drug in the hypoxic regions

of the tumor.2°3*° Highly effective in in vitro studies and early in vivo studies in mice

11



with HCR ratios as high as 600, TH-302 has been taken into Phase 111 clinical trials.®%%*
After showing promising results in Phase | and Phase |1 clinical trials, TH-302 was

unsuccessful in a Phase 111 clinical trial, displaying no statistically significant anticancer

activity against soft tissue sarcoma and pancreatic adenocarcinoma.®®%*
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Figure 1.12. Bioreductive Trigger Release from TH-302°

AQA4N, synthesized by McKeown et. al., is an aliphatic N-oxide prodrug that
upon enzymatic activation is converted to the topoisomerase 11 inhibitor AQ4.2%7"
AQ4N is first converted to the mono-N-oxide AQ4M via a two electron reduction.®%"®
A subsequent two electron reduction of AQ4M generates the active form AQ4 (Figure
1.13).8%7" The activated drug AQ4 acts in the hypoxic regions by non-covalent binding
to DNA, inhibiting topoisomerase activity as the cells attempt to replicate.®®®*7® In
aerobic conditions, AQ4N also displays some anti-angiogenic properties, targeting
endothelial cells.®® "

In terms of its anti-angiogenic properties, the mechanism of action for the drug is

currently unknown, although extensive microtubule network disruption was detected.®®>

’® The drug is only active in hypoxic regions due to its inability to compete with oxygen
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at the active site of cytochrome P450 reductase, preventing reduction in the normoxic

regions of the body.®®*"> AQ4N has progressed to Phase | and Phase 11 clinical trials, but

has not as of yet progressed to Phase 111 trials.”®"”

H3C‘N’°® |-|3,c\N/0e EH3
OH O HN" 5 CH, OH O HN" >3 CH, OH O HN" " "CHs
2 e reduction 2 e reduction
OH O HN\/\%:CH3 OH O HN__~, CH, OH O HN__~, CH,
H¢ 0O CHs CHs
AQ4N AQ4M AQ4

Figure 1.13. Bioreductive Activation of AQ4 from AQ4N?®

PR-104, synthesized and tested by Wilson et. al. at the University of Auckland is
a nitroaromatic preprodrug of PR-104A, eventually reducing to its active form PR-
104M .28 PR-104 is first hydrolyzed by phosphatases to reveal prodrug PR-104A
(Figure 1.14).288 One and two electron reductases reduce PR-104A into the active form
PR-104M, which can then interact with DNA 2%

The cytotoxicity associated with PR-104M derives from its ability to form
interstrand DNA crosslinks.®"®®° PR-104 has been taken into Phase | and 11 clinical trials,
yielding promising results in a Phase I/11 trial against leukemia.®®®®” The prodrug has
some dose-limiting toxicity issues when paired with gemcitabine and docetaxel, possibly
due to the glucuronidation of PR-104A that diminishes the clearance of the drug from the

. -87
patient’s system.&86 8
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Figure 1.14. Bioreductive Activation of PR-104 to PR-104M®

CA4-BAPCs

In an attempt to generate a cytotoxic hypoxia-selective VDA, CA4 was linked to
nitrothiophene triggers by Davis and co-workers.®#° Davis and coworkers synthesized
nor-methyl, mono-methyl, and gem-dimethyl nitrothiophene triggers (Figure 1.15) and
utilized the Mitsunobu reaction to covalently attach them to CA4.%#° The gem-dimethyl
CAA4 prodrug proved to be the most active of the trio, maintaining the highest HCR
values.®®

The gem-dimethyl trigger provided the greatest resistance to cleavage under
normoxic conditions, keeping the CA4-BAPC prodrug intact while the nor-methyl and
mono-methyl trigger CA4-BAPCs underwent partial cleavage under normoxic

conditions.®® Also of note was the overall lack of activity of the CA4-gem-dimethyl
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trigger prodrug in normoxic conditions, as the compound only became active under

hypoxic conditions, displaying high selectivity for low-oxygen environments.®

H4CO H,CO N H,CO N
H3C0 HCO ‘ CHs H,CO ‘ H3C CH,
OCH3 OCH3 )\Q/ OCH3 )QQ/
OCH3 OCH,

nor-methyl BAPC mono-methyl BAPC gem-dimethyl BAPC

Figure 1.15. Nor-methyl, Mono-methyl, and Gem-dimethyl Nitrothienyl CA4-BAPCs®

Nitrothiophene Triggers

The mechanism of cleavage for the nitrothiophene triggers is similar in nature to
the cleavage of nitroimidazole triggers with a one electron reductase such as cytochrome
P450 reductase reducing the nitro group on the trigger.2°°*% Once the nitro has been
reduced, an electron cascade through the thiophene ring will lead to the trigger cleaving
from CA4, releasing the active drug (Figure 1.16).% Once released from the
nitrothiophene trigger, CA4 acts in hypoxic regions as a VDA, interacting with the
colchicine binding site on tubulin, disrupting the microtubules in endothelial cells which

leads to the collapse of the tumor vasculature.®®

H;CO O N H,CO ~
HsCO HCO O

H;C
O 3 CH3S Cyt P450 Reductase H3C CH,3
OCH; NO. OCH s
(o] 2 3 NH
ocH, L/ RS S
s OCH,
HsC H,CO

(after protonation)

Figure 1.16. Gem-dimethyl Nitrothienyl CA4-BAPC Trigger Cleavage®
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For the research described herein, inspired by the BAPC tumor targeting strategy,
we developed BAPCs for KGP18, Oxi6196, CA4, CAL, and phenstatin. The bioreductive
triggers utilized in the BAPC synthesis varied from the nitrothiophene, nitroimidazole,
nitrobenzyl, and nitrofuran. These four trigger sets were covalently linked to the
anticancer agents through the use of the Mitsunobu reaction. The newly prepared CA4,
CAl, KGP18, Oxi6196, and phenstatin BAPCs were evaluated under hypoxic and
normoxic conditions in order to determine their differential from their respective base

anticancer agent (collaboration with the Trawick Research Group, Baylor University).
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CHAPTER TWO
Bioreductively Activatable Prodrug Conjugates of Phenstatin

Designed to Target Tumor Hypoxia

This chapter published as: Blake A. Winn*, Zhe Shi*, Graham J. Carlson®, Yifan Wang,
Benson L. Nguyen', Evan M. Kelly*, R. David Ross IV, Emest Hamel”, David J.
Chaplin®®, Mary L. Trawick'", Kevin G. Pinney*” Bioreductively Activatable Prodrug
Conjugates of Phenstatin Designed to Target Tumor Hypoxia. Bioorganic and Medicinal
Chemistry Letters, 2016 (available online): http://dx.doi.org/10.1016/j.bmcl.2016.11.093

The author Blake A. Winn contributed to this manuscript through the synthesis of all
eleven final compounds including characterization, which included proton and carbon
NMRs, HPLC, and HRMS. In addition, Blake A. Winn contributed a significant amount

to the writing and editing of the manuscript, as well as the preparation of the supporting

data.

Abstract

A variety of solid tumor cancers contain significant regions of hypoxia, which
provide unique challenges for targeting by potent anticancer agents. Bioreductively
activatable prodrug conjugates (BAPCs) represent a promising strategy for therapeutic
intervention. BAPCs are designed to be biologically inert until they come into contact
with low oxygen tension, at which point reductase enzyme mediated cleavage releases
the parent anticancer agent in a tumor-specific manner. Phenstatin is a potent inhibitor of
tubulin polymerization, mimicking the chemical structure and biological activity of the
natural product combretastatin A-4. Synthetic approaches have been established for

nitrobenzyl, nitroimidazole, nitrofuranyl, and nitrothienyl prodrugs of phenstatin
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incorporating nor-methyl, mono-methyl, and gem-dimethyl variants of the attached nitro
compounds. A series of BAPCs based on phenstatin have been prepared by chemical
synthesis and evaluated against the tubulin-microtubule protein system. In a preliminary
study using anaerobic conditions, the gem-dimethyl nitrothiophene and gem-dimethyl
nitrofuran analogues were shown to undergo efficient enzymatic cleavage in the presence
of NADPH cytochrome P450 oxidoreductase. Each of the eleven BAPCs evaluated in
this study demonstrated significantly reduced inhibitory activity against tubulin in
comparison to the parent anticancer agent phenstatin (ICso = 1.0 uM). In fact, the
majority of the BAPCs (seven of the eleven analogs) were not inhibitors of tubulin
polymerization (1Cso > 20 uM), which represents an anticipated (and desirable) attribute
for these prodrugs, since they are intended to be biologically inactive prior to enzyme-

mediated cleavage to release phenstatin.

Introduction

Tumor-associated vasculature has emerged as a promising target for anticancer
therapies due to its marked differences from vasculature feeding healthy tissue.* 8%
Vasculature associated with healthy tissue forms a well-organized delivery network for
oxygen and nutrients to cells.*® |n contrast, tumor-associated vasculature is forced to
develop rapidly to meet the enhanced demand for significant amounts of nutrients and
oxygen required by tumors.#10:*

The rapid growth of tumor-associated vasculature results in compromised
structural integrity, which is characterized by weakened vessel walls, increased interstitial

pressure, blind ends, and bulges.*®% Tumor-associated vasculature is generated

rapidly, leading to groups of vessels spaced far apart from each other, and this results in
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regions of hypoxia that develop when this distance is greater than the diffusion distance
of oxygen. 8101
One promising therapeutic option for targeting tumor-associated vasculature

involves treatment with vascular targeting agents (VTAS), which include angiogenesis-
inhibiting agents (AIAs) and vascular disrupting agents (VDAs).#%!! AlAs, which
represent a fairly well investigated therapeutic strategy, act by inhibiting angiogenesis,
the formation of new tumor-associated vasculature, while leaving existing vessels
intact, #1413

Inhibition of angiogenesis limits tumor growth and also leads to increased blood
flow in the remaining vasculature, allowing for increased delivery of chemotherapy and
potentially enhanced tumor damage from radiotherapy to an otherwise difficult
therapeutic target due to hypoxia.***™* VDAs impact tumor vasculature from a
mechanistic approach that is distinct from AlAs. One subset of VDASs is comprised of
small-molecule inhibitors of tubulin polymerization that target existing tumor-associated
vasculature by causing rapid morphology changes (flat to round) of the endothelial cells
lining these vessels.* %! This leads to irreversible vessel damage and tumor necrosis.”
8,10,11

A representative clinically relevant small-molecule VDA that disrupts

microtubule formation is the natural product combretastatin A-4 (CA4) (Figure 2.1). First
isolated from the African bush willow tree Combretum caffrum Kuntze by the Pettit
group, CA4 is a potent inhibitor of tubulin polymerization, functioning through a binding

interaction at the colchicine site on tubulin.?®%* |ts corresponding water-soluble

phosphate prodrug salt [combretastatin A-4P (CA4P)] has reached advanced clinical
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trials as a promising VDA.****?42731 However, no small-molecule VDA has yet been

approved by the FDA.

H;CO SN fo) R!
H;CO R?
Ll ¢
OCHs R H,CO OCH;,

OCH;, OCH3
Combretastatin A-4 and its Prodrug Phenstatins and their Prodrugs Colchicine
Combretastatin A-4 (CA4) : R = OH Hydroxyphenstatin: R! = R? = OH

Combretastatin A-4P (CA4P) : R = OPO3Na; Hydroxyphenstatin Diphosphate : R' = R2 = OPO3Na,
Phenstatin: R" = H; R? = OH
Phenstatin Phosphate: R' = H; R = OPO3Na,

Figure 2.1. Colchicine, Phenstatin, and Combretastatin Natural Products and their
Corresponding Phosphate Salts

Phenstatin, originally synthesized by the Pettit group in 1998, is another potent
inhibitor of tubulin polymerization with pronounced anticancer activity against human
cancer cell lines (Figure 1).2% Phenstatin was discovered serendipitously by the Pettit
group during an attempt to prepare a CA4 analogue bearing an epoxide moiety as a
replacement for the ethylene bridge.® The ketone functionality of phenstatin was the
surprising result of a Jacobsen epoxidation reaction intended to form an epoxide from the
corresponding olefin.*® Phenstatin mirrors the biological mechanism of action of CA4,
disrupting microtubule assembly through a binding interaction with the colchicine site on
tubulin.?® Phenstatin and its corresponding water-soluble phosphate salt prodrug
counterpart demonstrate pronounced cytotoxicity against human cancer cell lines.?®
While hydroxyphenstatin, the diol analog of phenstatin, displays potent inhibition of

tubulin polymerization, its diphosphate salt analog is less active against in vitro cancer
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cell lines and as an inhibitor of tubulin polymerization than its phenstatin phosphate
counterpart.?®

Solid tumors represent inherently challenging therapeutic targets due, in part, to
the significant differences between vasculature feeding healthy tissue versus tumor-
associated vasculature, which is a contributing factor to the profound regions of hypoxia
that often characterize tumors.*#3#%° A combination of blind ends, leaky vessel walls,
occlusions, and kinked vessels, along with the increased average distance between
capillaries, leads to hypoxic regions where many common radiotherapies and
chemotherapeutic options are less effective.®*** The challenges created by hypoxia and
large diffusion distances offer a unique opportunity for targeted therapeutic
intervention.®*® Bioreductively activatable prodrug conjugates (BAPCs) represent a
possible hypoxia-activated treatment method.®® BAPCs are designed to be activated by
reductase enzymes, such as NADPH cytochrome P450 oxidoreductase (POR) in regions
of hypoxia in the tumor microenvironment, releasing a potent anticancer agent in a
tumor-specific manner.®

A series of BAPCs utilizing CA4 as the parent anticancer agent and incorporating
nor-, mono-, and gem-dimethyl nitrothiophene triggers was reported in 2006 by Davis
and co-workers.®® The CA4-BAPC bearing the gem-dimethyl nitrothiophene trigger
proved to be the most active of the trio, demonstrating the greatest resistance to cleavage
under normoxic conditions in vitro, in effect displaying a high selectivity for low-oxygen
tumor environments.®® While the nor-methyl nitrothiophene BAPC was only activated at
very low oxygen concentrations (<0.01% O,), the bioreductive triggers for mono-methyl

and gem-dimethyl BAPCs were cleaved over a greater range of oxygen concentrations.®
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The gem-dimethyl CA4-BAPC was significantly more effective in hypoxic environments
in vitro compared to the nor- and mono-methyl CA4-BAPCs, releasing approximately
50% CA4 at 0.5% O, with the aid of POR.*

The mechanism of cleavage (under hypoxia) for the nitrothiophene trigger begins
with a one electron reductase such as POR reducing the nitro group on the trigger (Figure
2.2).28 Once the nitro group on the trigger has been reduced, an electron cascade through
the thiophene ring leads to trigger detachment, releasing the active VDA (CA4 in this
example).®® In comparison, under normal oxygen tension, the species obtained after the
initial one-electron reduction is simply re-oxidized (by molecular oxygen) and thus does

not lead to cleavage.®®

H;CO O N H5CO \
HCO HyCO O

H;C
‘ 3 CH3S Cyt P450 Reductase H3C CH;
OCH, NO oeH s
" 2 3 SRl NHOH
OCH; OCH,
HsC

(after protonation)

Figure 2.2. Gem-dimethyl Nitrothienyl Trigger Release from CA4%®

Although no BAPC has yet been approved by the FDA, two BAPCs that have
reached advanced clinical trials are TH-302 and PR-104. TH-302 (from Threshold

Pharmaceuticals) is a 2-nitroimidazole based BAPC attached to the DNA alkylating agent
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bromo-isophosphoramide (Figure 2.3).°*** The prodrug is activated by one electron
reductases such as POR, reducing the nitro group on the nitroimidazole trigger in a
similar mechanistic pathway to the nitrothienyl trigger cleavage.® Highly effective in in
vitro studies and early in vivo studies in mice with hypoxia cytotoxicity ratios (HCR) as
high as 600, TH-302 has advanced to Phase Il clinical trials after successful Phase | and
Il studies, although the results of the first Phase Il trial were not statistically
significant.®® PR-104 (Figure 2.3), synthesized and biologically evaluated by Wilson et
al. at the University of Auckland, is a nitroaromatic preprodrug of PR-104A, eventually
being reduced to the active forms PR104H and PR-104M.%7¥ The cytotoxicity of PR-
104M derives from its ability to form interstrand DNA crosslinks.? PR-104 was taken into
Phase I and Il clinical trials, yielding promising results in Phase | trials but stalled at

Phase I1 due to dose-limiting toxicity and overall efficacy issues.®#%%’

NO, NO, NHOH NH,

Br H PO,> y OH y oM y ©oH
Brﬁ (N; ch.  ON NJ O,N NJ O,N NJ O,N NJ
/ 3 [o)

HN

Foo N N_ O N_ O N_ O N
¢ O v, L JEt JER JERN
N Br 0SO,CH,  Br 0SO,CH;  Br 0SO,CH; Br 0S0,CH,
TH-302 PR104 PR104A PR1 PR104M

04H

Figure 2.3. TH-302, PR104, PR104A, PR104H, and PR104M®

Intrigued by the concept of targeting tumor hypoxia with BAPCs, a series of such
prodrugs were prepared by chemical synthesis based on the unique tubulin-active
anticancer agent, phenstatin. Utilizing a combination of synthetic pathways previously
described in the literature along with our modifications designed to improve yield and

reaction efficiency, a selected subset of nor-, mono-, and gem-dimethy!l nitrothiophene,
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nitrobenzyl, nitroimidazole, and nitrofuran triggers were synthesized and linked to
phenstatin.®®®® Preliminary biological assessment of these phenstatin BAPCs evaluated
their ability to inhibit tubulin polymerization, and a subset were evaluated for their
suitability as substrates for enzymatic-mediated cleavage to release the parent anticancer

agent, phenstatin.

Results and Discussion
While each of the phenstatin-based BAPCs represents a new chemical entity,
phenstatin and the prodrug triggers were synthesized utilizing methodology previously
described (Scheme 2.1).3% |sovanillin was protected as its corresponding tert-
butyldimethylsilyl ether, aldehyde 2. 332 Halogen-metal exchange of aryl bromide 3,
followed by the introduction of aldehyde 2, afforded the secondary alcohol 4, which,
upon oxidation, generated phenstatin precursor 5.3 Removal of the TBS protecting

group yielded phenstatin 6.33102

1 R=H TBSCI, Et;N, DMAP,
2 R=TBS <———' CHyCl,, 90%
OR
OCH,

OH
) n-BuLi, THF,  H,CO HsCO
H.CO ocH 78 °C, 30 min O O PCC, K,CO3 CH,Cly, O O
3 3 2)cmpd 2,5h, H;CO OCH; "1, 18 h, 60% H3;CO OCH;
°°"'s -78°C to 1t, 62% OCH,  OTBS OCH,

4 5 R=TBS TBAF- 3H,0,
6 R=H —~—1THF, 87%

Phenstatin

Scheme 2.1. Synthesis of Phenstatin 6%
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The nor-methyl nitrothiophene trigger 8 was generated in excellent yield through
reduction of aldehyde 7, as reported by Davis et al. (Scheme 2.2).% The Davis route to
the gem-dimethyl nitrothiophene trigger 11 proved less effective in our hands, generating
the product but only in low yield. This motivated us to consider a modified synthetic
methodology toward the gem-dimethyl trigger 11. Methylation conditions described by
Reetz et al. provided an improved synthetic route that generated both mono- and gem-

dimethy! nitrothiophene triggers from aldehyde 7 in good yield.'*

Mono-methyl trigger 9
was synthesized through methylation of aldehyde 7 with methyllithium and titanium
tetrachloride.'®® Oxidation with Dess-Martin periodinane (DMP) generated ketone 10 in
high yield, and further methylation of ketone 10 furnished the gem-dimethyl trigger 11
(Scheme 2.2).1931% Fyrther investigation determined that trimethyl aluminum was a more
effective methylating agent for the conversion of aldehyde 7 and ketone 10 to their

corresponding mono- and gem- triggers 9 and 11, respectively, in comparison to the

methyllithium / titanium tetrachloride method (see Supplementary data).

NaBH,, MeOH, HO S
THF, 0°C to rt, /\U’NOZ
L, e
H S 8
| )—NO,

Meli, TiCly

o
7 MelLi, TiCl
H,;C S _VeEL T

-78°Ctot, DMP, CH,Cl, Hs NO N\E)fNo

EL,0, 12 h, 90% /KQ’ i, 1 h, 90% | Y 2 78°Ctort, to rt, Y/ 2

Et,0, 12 h, 45%
10

Scheme 2.2. Synthesis of Nitrothiophene Triggers®®'%%1%4

A Mitsunobu reaction was utilized to conjugate the bioreductive triggers to

phenstatin to generate the requisite BAPCs (Scheme 2.3).83:102105106 panending on the
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reactivity of the bioreductive triggers involved in each reaction, a combination of either
diethyl azodicarboxylate (DEAD), diisopropyl azodicarboxylate (DIAD), or 1,1°-
(azodicarbonyl)dipiperidine (ADDP) and triphenylphosphine or tributylphosphine were
employed to generate the ether linkage.®*'%>1% Synthesis of the phenstatin nor-methyl
nitrothiophene BAPC 12 and its corresponding mono-methyl BAPC 13 involved the
reaction of phenstatin with nitrothiophene 8 (or 9), DIAD, and triphenylphosphine.®%
The phenstatin gem-dimethyl BAPC 14 was synthesized in a Mitsunobu reaction utilizing

ADDP, tributylphosphine, phenstatin, and nitrothiophene trigger 11.%%:192

o

o
H;CO H,CO
e < o
H;CO OCH;,4 H,CO OCH,4

R! R?

R1=R2 =
OCH;  OH s 8:R'=R"=H OCH o_ R
N
How Oz . RioH, R2=CH, s SRZ
12-14 Z

11: R'=R2=CH
6 8,9,11 3 S

(A) cmpd 12: DIAD, P(Ph)3, CH,Cl,, cmpd 8, rt, 2 d, 34% (Ry = Ry =H); NO,
cmpd 13: DIAD, P(Ph)s, CH.Cly, cmpd 9, rt, 2 d, 30% (R4 = H, Ry = CH3y);
cmpd 14: ADDP, P(Bu)s, CH,Cl,, cmpd 11, 1t, 2 d, 7% (R1 = R, = CH3);

Scheme 2.3. Synthesis of the Phenstatin Nitrothiophene BAPCs®:102105106

The phenstatin nitrobenzyl BAPCs were synthesized in a similar fashion to the
phenstatin nitrothiophene BAPCs, utilizing a Mitsunobu reaction to generate the critical
ether linkage (Scheme A.1, Appendix A).88102105106 gynthesis of the nor-methyl
nitrobenzyl BAPC 20 and the mono-methyl nitrobenzyl BAPC 21 was achieved through
the reaction of phenstatin, DIAD, and triphenylphosphine, with the appropriate trigger (4-
nitrobenzyl alcohol 19 and mono-methyl trigger 16, respectively).21% A reaction of
tributylphosphine, ADDP, phenstatin, and the gem-dimethyl nitrobenzyl trigger 18

furnished the gem-dimethyl nitrobenzyl BAPC 22.881%2 The synthetic route reported by
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Reetz and co-workers was utilized for the synthesis of the nitrobenzyl triggers 16 and 18
(Scheme A.2, Appendix A).'*

The nitroimidazole phenstatin BAPCs (Scheme A.3, Appendix A) were generated
through a Mitsunobu reaction analogous to the chemistry described previously for the
nitrobenzyl and nitrothiophene BAPCs.?81921%1% The nor-methyl nitroimidazole BAPC
31 was synthesized utilizing a Mitsunobu reaction with phenstatin, DIAD,
triphenylphosphine, and nitroimidazole 28.%%'%% Triphenylphosphine, DIAD, phenstatin,
and nitroimidazole 30 reacted to yield the mono-methyl nitroimidazole BAPC 32,2812
The synthesis of the nitroimidazole triggers followed a route developed by Conway et al.
(Scheme A.4, Appendix A).'%41971% Degpite several attempts directed towards
methylation of the nitroimidazole ketone, the gem-dimethyl nitroimidazole trigger was

not successfully synthesized in our hands (Scheme A.5, Appendix A).103:10455-63

The synthetic route for the nitrofuran bioreductive triggers (Scheme 2.4) was
based on the new route to the nitrothiophene triggers shown in Scheme 2.2,88103104.108
The nor-methyl nitrofuran trigger 34 was generated through the reduction of aldehyde
33.%8 Aldehyde 33 was methylated to yield mono-methyl nitrofuran trigger 35.2%31% The
synthesis of the gem-dimethyl nitrofuran trigger 37 was achieved in high yield by
oxidation of mono-methyl trigger 35 to its corresponding ketone 36, followed by

methylation to generate the gem-dimethyl nitrofuran trigger 37.1%1%
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Scheme 2.4. Synthesis of the Nitrofuran Triggers®10%104108

Mitsunobu chemistry was once again employed to form the requisite ether linkage
between the nitrofuran triggers and phenstatin, generating the nitrofuran BAPCs (Scheme
2.5).88102107.108 The nor-methyl nitrofuran BAPC 38 and the mono-methyl nitrofuran
BAPC 39 were generated through the reaction of phenstatin, DIAD, and
triphenylphosphine with the appropriate trigger (nor-methyl nitrofuran 34 and mono-
methyl nitrofuran 35, respectively).%8% The gem-dimethyl nitrofuran BAPC 40 was

likewise synthesized via a Mitsunobu reaction with nitrofuran 37.882

o o
H;CO H,CO
9ae : 9Ae
H,CO OCH; o1 ge H;CO OCH;
OCH, OH ° no 34:R'"=R?=H OCH, o. R
HO™ (' »""2 35:R'=H,R?=CH, R?
37:R'=R?2=CH
6 34,35,37 3 38-40 “ o

(a) cmpd 38: DIAD, P(Ph)s, CH,Cly, cmpd 34, rt, 2d, 41% (R" = R2 = H); NO;

cmpd 39: DIAD, P(Ph);, CH,Cl,, cmpd 35, 1t, 2 d, 47% (R' = H, R2 = CH3);
cmpd 40: ADDP, P(Bu)s, CH,Cl,, cmpd 37, 1t, 2 d, 8% (R' = R? = CHg);

Scheme 2.5. Synthesis of the Phenstatin Nitrofuran BAPCg®:104107108
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Figure 2.4. Phenstatin BAPCs Prepared by Chemical Synthesis

Biological Evaluation

The phenstatin BAPCs (Figure 2.4), as well as phenstatin, were evaluated for their
ability to inhibit tubulin polymerization and compete for the colchicine binding site
(Table 2.1). In addition to the mono-methyl nitrothiophene BAPC 13 and the gem-
dimethyl nitrofuran BAPC 40, the entire nitrobenzyl series (20,21,22) and the
nitroimidazole series (31,32) all proved to be inactive (ICso >20 uM) as inhibitors of
tubulin polymerization. This is an important and desirable attribute for these phenstatin-
based BAPCs, since they are designed to be biologically inactive until enzyme-mediated
prodrug cleavage releases the active anticancer agent (phenstatin), which itself is a potent
inhibitor of tubulin polymerization (ICso = 1.0 uM).

The other four BAPCs (12, 14, 38, 39) evaluated in this study demonstrated
significantly reduced (ICso range of 9-16 uM) inhibition of tubulin polymerization, in
comparison to phenstatin. The limited activity of these four BAPCs might be attributed to
partial trigger cleavage under the assay conditions, leading to generation of the tubulin-
active parent anticancer agent phenstatin. This hypothesis of partial cleavage has not been

confirmed or further investigated to date.
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Based on the pioneering work by Davis and co-workers with CA4-BAPCs, which
demonstrated the potency of the gem-dimethyl variant (in comparison to the
corresponding nor- and mono-methyl analogues), the three phenstatin-based gem-
dimethyl BAPCs prepared in this study were subjected to further initial evaluation. A
stability study carried out in pH 7.4 potassium phosphate buffer solution on the three
gem-dimethyl trigger BAPCs (14, 22, 40) demonstrated promising results, with each
BAPC remaining structurally intact over a 24 h period with no observable (by HPLC
analysis) cleavage or degradation. These same three BAPCs (14, 22, 40) were treated (in
separate experiments) with NADPH cytochrome P450 oxidoreductase (POR) to evaluate
them as substrates for this enzyme under anoxic conditions.

The gem-dimethyl furan and thiophene compounds (14 and 40, respectively) were
fully cleaved over the course of 24 h, while, interestingly, the gem-dimethyl benzyl
compound 22 did not undergo cleavage in the 24 h assay (Table 2.2). The reduction
potential for the nitrobenzyl trigger is less than the reduction potential (less electron-
philic) than that of the nitrofuran, nitroimidazole, and nitrothiophene triggers, possibly

explaining its resistance to cleavage by POR under these assay conditions.'®
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Table 2.1.
Inhibition of Tubulin Polymerization
and Percent Inhibition of Colchicine Binding

Compd Inhibition of Inhibition of
Tubulin Colchicine Binding
Assembly 1Cs % Inhibition uM
+SD

(UM)£SD S5uM

42 0.73+0.04 98+0.1

CA4
6 1.0+0.2° 85+2
Phenstatin

12 16 £0.6 19+2

13 >20 15+0.09

14 9.0+1 16+3

20 >20 1114

21 >20 58+5

22 >20 88%5

31 >20 7.1+£0.01

32 >20 11+5

38 15+1 17+0.01

39 12+05 16+3

40 >20 13+5

data from reference 23

Table 2.2

Bioreductive Trigger Hydrolysis (Untreated)
and Cleavage of POR-Treated BAPCs

Compd Hydrolysis Cleavage Percentage
Percentage in pH 7.4 of POR-treated for 24
Phosphate Buffer for h®
24 h
14 0 100
22 0 0
40 0 100

4anoxic conditions
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In conclusion, a series of eleven promising phenstatin-based BAPCs were
prepared by chemical synthesis and had little to on activity as inhibitors of tubulin
assembly or binding of colchicine to tubulin, in comparison to the parent anticancer agent
phenstatin, a potent tubulin inhibitor. In preliminary studies, the three phenstatin-based
gem-dimethyl BAPCs (14, 22, 40) demonstrated aqueous solution stability (over 24 h),
and two of the BAPCs (14, 40) were suitable substrates for POR. These BAPCs have the

potential to be therapeutic agents that target hypoxic tumor cells.

Experimental Section

Chemistry

General Materials and Methods.'®*'° CH,Cl, and tetrahydrofuran (THF) were
used in their anhydrous forms, as obtained from the chemical suppliers. Reactions were
performed under an inert atmosphere using N». Thin-layer chromatography (TLC) plates
(precoated glass plates with silica gel 60 F254, 0.25 mm thickness) were used to monitor
reactions. Purification of intermediates and products was carried out with a flash
purification system using silica gel (200-400 mesh, 60 A) or RP-18 prepacked columns.
Intermediates and products synthesized were characterized on the basis of their *H NMR
(500 MHz) and **C NMR (125 MHz) spectroscopic data. TMS was used as an internal
standard for spectra recorded in CDCls. All the chemical shifts are expressed in ppm (3),
coupling constants (J) are presented in Hz, and peak patterns are reported as broad (br),
singlet (s), doublet (d), doublet of doublets (dd) triplet (t), quartet (q), septet (sept), and
multiplet (m). HRESIMS were obtained using positive or negative electrospray ionization

(ESI) techniques using a Thermo Scientific LTQ OrbitrapDiscovery instrument. Purity of
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the final compounds was further analyzed at 25 °C using an Agilent 1200 HPLC system
with a diode-array detector (A = 190-400 nm), a Zorbax XDB-C18 HPLC column (4.6
mm x 150 mm, 5 pm), and a Zorbax reliance cartridge guard-column. Flow rate 1.0
mL/min; injection volume 20 pL; monitored at 254 nm, 300 nm, 320 nm. Two different
HPLC gradients were used for purity analysis; Method A: water/acetonitrile, gradient
10:90 to 90:10 from 0 to 25 min and isocratic 90:10 from 25 to 30 min; Method B:
water/acetonitrile, gradient 50:50 to 90:10 from 0 to 25 min and isocratic 90:10 from 25
to 30 min (note: 4-dimethylaminopyridine is abbreviated DMAP, ethyl acetate is
abbreviated EtOAc, N,N-dimethylformamide is abbreviated DMF, chloroform-d is

abbreviated CDCl3]

3-((tert-Butyldimethylsilyl)oxy)-4-methoxybenzaldehyde (2):'° Isovanillin (2.01 g,
13.2 mmol), triethylamine (4.00 mL, 28.5 mmol), and DMAP (0.045 g, 0.37 mmol) were
dissolved in dry CH,Cl, (60 mL). tert-Butyldimethylsilyl chloride (2.214 g, 14.7 mmol)
was added to the reaction mixture, which was stirred for 12 h. The reaction was quenched
with water, extracted with diethyl ether (Et,O), which was washed with water and brine,
dried with Na,SO,, and evaporated under reduced pressure. Flash chromatography of the
crude product using a prepacked 100 g silica column [eluents: solvent A, EtOAc; solvent
B, hexanes; gradient, 10% A/90% B (1 CV), 10% A/90% B - 27% A/73% B (10 CV),
27% Al73% B over (2 CV); flow rate 40.0 mL/min; monitored at 254 and 280 nm]
yielded 3-((tert-butyldimethylsilyl)oxy)-4-methoxybenzaldehyde (2) (3.17 g, 11.9 mmol,

90%) as a yellow oil.
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'H NMR (500 MHz, CDCl3) 8 9.82 (1H, s), 7.49 (1H, dd, J = 8.5 Hz, J = 2 Hz), 7.37

(1H, d, J = 2 Hz), 6.96 (1H, d, J = 8.5 Hz), 3.90 (3H, s), 1.00 (9H, s), 0.17 (6H, 3).

3C NMR (125 MHz, CDCl3) § 190.9, 156.6, 145.3, 130.2, 126.3, 120.0, 111.1, 55.6,

25.6, 18.4, -4.6.

(3-((tert-Butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-

trimethoxyphenyl)methanol (4):**® 1-Bromo-3,4,5-trimethoxybenzene (1.81 g, 7.31
mmol) was dissolved in dry THF (60 mL) in a dry ice/acetone bath (-78 °C). n-
Butyllithium (2.8 mL, 7.0 mmol, 2.5 M) was added dropwise to the reaction mixture,
which was stirred for 30 min. 3-((tert-Butyldimethylsilyl)oxy)-4-methoxybenzaldehyde
(2.00 g, 7.50 mmol) dissolved in dry THF (20 mL) was added dropwise, and the reaction
mixture was stirred for 5 h. The reaction was quenched with water, acidified to pH 7 with
3 M HCI, extracted with Et,O, washed with water and brine, dried with Na;SO,, and
evaporated under reduced pressure. Flash chromatography of the crude product using a
prepacked 100 g silica column [eluents: solvent A, EtOACc; solvent B, hexanes; gradient,
10% AJ/90% B (1 CV), 10% A/90% B > 80% A/20% B (10 CV), 80% A/20% B over (2
CV); flow rate 40.0 mL/min; monitored at 254 and 280 nm] vyielded (3-((tert-
butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-trimethoxyphenyl)methanol (4) (2.02 g,

4.65 mmol, 62%) as a pale yellow oil.

'H NMR (500 MHz, CDCl3) § 6.89 (2H, m), 6.80 (1H, d, J = 8.5 Hz), 6.57 (2H, d, J =
4.5 Hz), 5.24 (1H, d, J = 4.5 Hz), 3.81 (3H, ), 3.77 (9H, 5), 0.94 (9H, d, J = 3.5 Hz), 0.11

(6H, d, J = 2.5 Hz).
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13C NMR (125 MHz, CDCls) § 153.0, 150.3, 144.7, 140.0, 136.5, 119.9, 119.4, 111.8,

103.4, 75.5, 60.7, 55.9, 55.5, 25.7, 18.4, -4.6.

(3-((tert-Butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-

trimethoxyphenyl)methanone (5):102 (3-((tert-Butyldimethylsilyl)oxy)-4-
methoxyphenyl)(3,4,5-trimethoxyphenyl)methanol (3.00 g, 6.90 mmol), Celite (2.45 g),
and potassium carbonate [K,COs] (2.46 g, 17.8 mmol) were dissolved in dry CH,CI, (130
mL) in an ice bath (0 °C). Pyridinium chlorochromate [PCC] (1.52 g, 7.04 mmol) was
added in small increments and the reaction mixture was stirred for 18 h. The reaction
mixture was filtered with CH,Cl; in a frit funnel containing a 50/50 mixture of Celite and
silica gel and then evaporated under reduced pressure. Flash chromatography of the crude
product using a prepacked 100 g silica column [eluents: solvent A, EtOAc; solvent B,
hexanes; gradient, 10% A/90% B (1 CV), 10% A/90% B - 45% A/55% B (10 CV), 45%
A/55% B (2 CV); flow rate 40.0 mL/min; monitored at 254 and 280 nm] yielded (3-
((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-trimethoxyphenyl)methanone (5)

(1.79 g, 4.14 mmol, 60%) as a yellow oil.

'H NMR (500 MHz, CDCl3) & 7.40 (1H, d, J = 8 Hz), 7.33 (1H, s), 6.99 (2H, s), 6.87

(1H, d, J = 8.5 Hz), 3.88 (3H, 5), 3.84 (3H, ), 3,83 (6H, S), 0.96 (9H, S), 0.14 (6H, S).

3C NMR (125 MHz, CDCls) & 194.5, 154.9, 152.7, 144.6, 141.5, 133.3, 130.4, 125.3,

122.3, 110.7, 107.4, 60.9, 56.2, 55.5, 25.6, 18.4, -4.6.

Phenstatin (6):1% (3-((tert-Butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-
trimethoxyphenyl)methanone (3.59 g, 8.31 mmol) was dissolved in dry THF (100 mL).

Tetrabutylammonium fluoride trihydrate (3.93 g, 12.5 mmol) was added, and the reaction
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mixture was stirred for 18 h. The reaction was quenched with water, acidified to pH 7
with 3 M HCI, and extracted with EtOAc, which was dried with Na,SO,, and evaporated
under reduced pressure. Flash chromatography of the crude product using a prepacked
100 g silica column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 12%
A/88% B over 1.19 min (1 CV), 12% A/88% B - 99% A/1% B over 13.12 min (10 CV),
99% A/1% B over 2.38 min (2 CV); flow rate 40.0 mL/min; monitored at 254 and 280

nm] yielded phenstatin (6) (2.06 g, 6.47 mmol, 78%) as a white solid.

IH NMR (500 MHz, CDCl3) & 7.42 (1H, s), 7.37 (1H, d, J = 8.5 Hz). 7.01 (2H, s), 6.90

(1H, d, J = 8 Hz), 3.94 (3H, s), 3.90 (3H, 5), 3.85 (6H, ).

3C NMR (125 MHz, CDCls) & 194.7, 152.8, 150.2, 145.3, 141.6, 133.1, 131.0, 123.7,

116.2, 109.7, 107.5, 61.0, 56.3, 56.1.
HRMS [M+Na]": 341.0997 (calcd for [C17H1s06Na]", 341.1103).
HPLC retention time (Method A): 15.35 min.

(5-Nitrothiophen-2-yl)methanol (8):%® 5-Nitrothiophene-2-carboxaldehyde (1.00 g, 6.38
mmol) was dissolved in dry methanol (20 mL) in an ice bath (0 °C). NaBH, (0.270 g,
7.14 mmol) was added, and the reaction mixture was stirred for 2 h. Ice was added and
the solution was acidified to pH 7 with 3 M HCI. The reaction mixture was extracted with
EtOAc, dried with Na,SO4, and evaporated under reduced pressure. Flash
chromatography of the crude product using a prepacked 50 g silica column [eluents:
solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B (1 CV), 10% A/90% B ->
65% A/35% B (10 CV), 65% A/35% B (2 CV); flow rate 50.0 mL/min; monitored at 254
and 280 nm] yielded alcohol 8 (0.914 g, 5.74 mmol, 90%) as a brown oil.
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'H NMR (500 MHz, CDCl3) & 7.84 (1H, d, J = 4.1 Hz), 6.95 (1H, dt, J = 4.1, 1.0 Hz),
4.90 (2H, d, J =5.2 Hz), 2.15 (1H, t, J = 5.8 HZ).

13C NMR (126 MHz, CDCl3) § 154.0, 150.6, 129.0, 123.5, 60.2.
1-(5-Nitrothiophen-2-yl)ethan-1-ol (9):'* TiCl, (7.84 g, 41.3 mmol) was added slowly
dropwise into Et,O (80 mL) at -78 °C, after which methyllithium (1.6 M, 25.8 mL, 41
mmol) was added drop-wise, and the reaction mixture was stirred for 1.5 h. 5-Nitro-2-
thiophenecarboxaldehyde (5.00g, 31.8 mmol) was dissolved in Et,O (120 mL) and added
dropwise to the reaction mixture, which was stirred (12 h). H,O (50 mL) was used to
quench the reaction. The layers were partitioned, and the residue was extracted with
EtOAc (6 x 40 mL). The combined extracts were washed with brine, dried over Na;SOy,
filtered, and concentrated under reduced pressure. The crude product was purified by
flash column chromatography using a pre-packed 100 g silica column [solvent A: EtOACc;
solvent B: hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 73%A / 27%B
(13 CV), 73%A | 27%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm]

affording alcohol 9 (4.95 g, 28.6 mmol, 90%) as a dark brown oil.

IH NMR (600 MHz, CDCl3) & 7.82 (1H, d, J = 4.2 Hz), 6.91 (1H, dd, J = 4.2, 1.0 Hz),

5.14 (1H, qd, J = 6.4, 1.0 Hz), 2.14 (1H, s), 1.64 (3H, d, J = 6.5 Hz).
13C NMR (125 MHz, CDCls) § 160.0, 149.9, 129.1, 122.2, 66.3, 25.1.

1-(5-Nitrothiophen-2-yl)ethan-1-ol (9) [Alternate Route]: 5-Nitro-2-
thiophenecarboxaldehyde (1.00 g, 6.36 mmol) was dissolved in CH,Cl, (50 mL) at 0 °C.
Trimethylaluminum (2 M, 5.30 mL, 10.6 mmol) was added dropwise, and the reaction

mixture was stirred for 2 h. The reaction was quenched with HCI (1 M, 40 mL) and the
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layers were partitioned. The residue was extracted with CH,Cl, (3 x 30 mL), and the
combined organic phase was washed with brine (40 mL), dried over Na,SQO4, and
evaporated under reduced pressure. The crude product was purified by flash column
chromatography using a pre-packed 100 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 70%A / 30%B (13 CV),
70%A / 30%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] affording

alcohol 11 (1.01 g, 5.85 mmol, 92%) as yellow-orange crystals.

1-(5-Nitrothiophen-2-yl)ethan-1-one (10): 2-(1-Hydroxyethyl)-5-nitrothiophene (1.04
g, 6.00 mmol) was dissolved in 70 mL CH,Cl; at rt. Dess-Martin periodinane (3.82 g,
9.00mmol) was added in portions to the solution, and the reaction mixture was stirred (1
h). Saturated solutions of sodium thiosulfate (50 mL) and NaHCO3 (50 mL) were used to
quench the reaction mixture. The layers were partitioned, and the residue was extracted
with EtOAc (4 x 30 mL). The combined extracts were washed with brine, dried over
Na,SOy, filtered, and concentrated under reduced pressure. The crude product was
purified by flash chromatography using a pre-packed 100 g silica column [solvent A:
EtOAc; solvent B: hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 80%A /
20%B (13 CV), 80%A / 20%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280

nm] affording ketone 10 (0.873 g, 5.10 mmol, 90%) as yellow-orange crystals.

'H NMR (600 MHz, CDCls) & 7.89 (1H, d, J=4.3 Hz), 7.58 (1H, d, J=4.3 Hz), 2.60 (3H,

S).

B3C NMR (151 MHz, CDCls) 6 190.35, 156.47, 148.16, 130.06, 128.28, 26.61.
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2-(5-Nitrothiophen-2-yl)propan-2-ol (11):'*® TiCl, (3.62 g, 19.1 mmol) was slowly
added dropwise into Et,O (80 mL) at -78 °C, after which methyllithium (1.6 M, 11.9 mL,
19 mmol) was added dropwise, and the reaction mixture was stirred for 1.5 h. 2-Acetyl-5-
nitrothiophene (2.50 g, 14.7 mmol) was dissolved in Et,O (140 mL) and added dropwise
to the reaction mixture, which was stirred (12 h). H,O (50 mL) was used to quench the
reaction mixture. The layers were partitioned, and the residue was extracted with

EtOAc (6 x 40 mL). The combined extracts were washed with brine, dried over Na,SOy,
filtered, and concentrated under reduced pressure. The crude product was purified by
flash column chromatography using a pre-packed 100 g silica column [solvent A: EtOACc;
solvent B: hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 70%A / 30%B
(13 CV), 70%A / 30%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm]

affording alcohol 11 (1.61 g, 8.60 mmol, 45%) as a dark orange oil.

'H NMR (600 MHz, CDCl3) & 7.80 (1H, d, J = 4.2 Hz), 6.89 (1H, d, J = 4.2 Hz), 1.69

(6H, s).
3C NMR (151 MHz, CDCl3) & 163.46, 150.04, 128.76, 121.26, 71.92, 32.08.

2-(5-Nitrothiophen-2-yl)propan-2-ol (11) [Alternate Route]: 2-Acetyl-5-
nitrothiophene (0.500 g, 2.92 mmol) was dissolved in CH,Cl, (20 mL) at 0 °C.
Trimethylaluminum (2 M, 2.42 mL, 4.85 mmol) was added dropwise, and the reaction
mixture was stirred for 2 h. The reaction was quenched with HCI (1 M, 30 mL), and the
layers were partitioned. The residue was extracted with CH,Cl; (3 x 20 mL), and the
combined organic extracts were washed with brine (20 mL), dried over Na,SQO,, and

evaporated under reduced pressure. The crude product was purified by flash column
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chromatography using a pre-packed 50 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 70%A / 30%B (13 CV),
70%A / 30%B (2 CV); flow rate: 50 mL/min; monitored at 254 and 280 nm] affording

alcohol 11 (0.365 g, 2.13 mmol, 73%) as bright orange crystals.

(4-Methoxy-3-((5-nitrothiophen-2-yl)methoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (12):28% pPhenstatin (0.405 g, 1.27 mmol), DIAD (0.289
g, 1.43 mmol), and (5-nitrothiophen-2-yl)methanol (0.454 g, 2.85 mmol) were dissolved
in dry CH,Cl, (40 mL). Triphenylphosphine (0.574 g, 2.19 mmol) was added, and the
reaction mixture was stirred for 2 d. The reaction was quenched with water (30 mL) and
extracted with EtOAc (3 x 30 mL), which was dried with Na,SO,4 and evaporated under
reduced pressure. Flash chromatography of the crude product using a prepacked 50 g
silica column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 17% A/83% B (1
CV), 17% A/83% B - 100% A/0% B (10 CV), 100% A/0% B (2 CV); flow rate 35.0
mL/min; monitored at 254 and 280 nm] vyielded (4-methoxy-3-((5-nitrothiophen-2-
yl)methoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (12) (0.198 g, 0.431 mmol, 34%)

as a brown solid.

'H NMR (500 MHz, CDCls) & 7.83 (1H, d, J = 4.5 Hz), 7.51 (1H, d, J = 1.5 Hz), 7.49
(1H, dd, J = 8 Hz, J = 1.5 Hz), 7.06 (1H, d, J = 4.5), 6.99 (2H, s), 6.97 (1H, d, J = 8.5

Hz), 5.33 (2H, s), 3.98 (3H, s), 3.93 (3H, s), 3.87 (6H, 3).

3C NMR (125 MHz, CDCls) & 194.3, 153.7, 152.8, 147.7, 146.9, 141.7, 133.0, 130.2,

128.4,126.6, 125.2, 115.5, 110.6, 107.4, 66.3, 61.0, 56.3, 56.2.
HRMS [M+Na]": 482.0880 (calcd for [C2,H.:NNaOgS]", 482.0880).
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HPLC retention time (Method B): 9.10 min.

(4-Methoxy-3-(1-(5-nitrothiophen-2-yl)ethoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (13):%3% Phenstatin (0.407 g, 1.28 mmol), DIAD (0.294
g, 1.45 mmol), and 1-(5-nitrothiophen-2-yl)ethanol (0.505 g, 2.92 mmol) were dissolved
in dry CH,Cl, (40 mL). Triphenylphosphine (0.558 g, 2.13 mmol) was added, and the
reaction mixture was stirred for 2 d. The reaction was quenched with water and extracted
with EtOAc, which was dried with Na,SO,4 and evaporated under reduced pressure. Flash
chromatography of the crude product using a prepacked 25 g silica column [eluents:
solvent A, EtOAc; solvent B, hexanes; gradient, 15% A/85% B (1 CV), 15% A/85% B -
100% A/0% B (10 CV), 100% A/0% B (2 CV); flow rate 20.0 mL/min; monitored at 254
and 280 nm] vyielded (4-methoxy-3-(1-(5-nitrothiophen-2-yl)ethoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (13) (0.179 g, 0.378 mmol, 30%) as a tan yellow solid.

'H NMR (500 MHz, CDCls) § 7.77 (1H, d, J = 4.2 Hz), 7.48 (1H, dd, J = 8.4, 2.0 Hz),
7.45 (1H, d, J = 2.0 Hz), 6.99 — 6.92 (4H, m), 5.60 (1H, g, J = 6.4 Hz), 3.96 (3H, s), 3.91

(3H, s), 3.84 (6H, s), 1.77 (3H, d, J = 6.4 Hz).

3C NMR (125 MHz, CDCl3) & 194.2, 154.8, 154.4, 152.8, 151.0, 145.9, 141.7, 133.0,

130.2, 128.4, 126.8, 123.4, 118.4, 110.9, 107.4, 73.6, 61.0, 56.3, 56.1, 23.2.
HRMS [M+Na]*: 496.1038 (calcd for [C2sH2sNNaOgS]*, 496.1037).

HPLC retention time (Method B): 10.33 min.

(4-Methoxy-3-((2-(5-nitrothiophen-2-yl)propan-2-yl)oxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (14):%1%? phenstatin (0.581 g, 1.83 mmol), ADDP (0.597
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g, 2.38 mmol), and 2-(5-nitrothiophen-2-yl)propan-2-ol (0.410 g, 2.19 mmol) were
dissolved in dry CH,Cl, (80 mL). Tributylphosphine (0.752 mL, 3.06 mmol) was added
dropwise, and the reaction mixture was stirred for 2 d. The reaction mixture was dried
under reduced pressure. Flash chromatography of the crude product using a prepacked 25
g silica column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B
(1 CV), 10% A/90% B - 80% A/20% B (10 CV), 80% A/20% B (2 CV); flow rate 50.0
mL/min; monitored at 254 and 280 nm] vyielded (4-methoxy-3-((2-(5-nitrothiophen-2-
yl)propan-2-yl)oxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (14) (0.062 g, 0.128

mmol, 7%) as an orange gum.

IH NMR (600 MHz, acetone-dg) 5 7.93 (1H, d, J = 4.3 Hz), 7.67 (1H, dd, J = 8.5, 2.2
Hz), 7.41 (1H, d, J = 2.1 Hz), 7.22 (1H, d, J = 8.5 Hz), 7.19 (1H, d, J = 4.3 Hz), 7.02 (2H,

s), 3.95 (3H, s), 3.87 (6H, s), 3.84 (3H, 5), 1.79 (6H, 3).

3C NMR (151 MHz, acetone-ds) & 192.94, 161.01, 157.41, 153.10, 150.43, 142.93,
141.89, 133.12, 129.98, 128.83, 127.80, 125.38, 123.07, 111.83, 107.31, 80.82, 59.80,

55.74, 55.44, 28.16.
HRMS [M+Na]": 510.1190 (calcd for [C,4H2sNNaOgS]", 510.1193).
HPLC retention time (Method B): 11.49 min.

1-(4-Nitrophenyl)ethan-1-ol (16):'® TiCl, (2.72 mL, 24.8 mmol) was added dropwise
slowly to dry Et,O (100 mL) in an acetone / dry ice bath (-78 °C). Methyllithium (15.5
mL, 25 mmol, 1.6 M) was then added dropwise slowly to the reaction mixture which was
stirred for 1.5 h. 4-Nitrobenzaldehyde (2.88g, 19.1 mmol) dissolved in Et,O (140 mL)
was added dropwise to the reaction mixture, which was stirred for 18 h. The reaction was
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guenched with water and extracted with CH,Cl, (3 x 50 mL), which was washed with
water and brine and dried over Na,SO., and evaporated under reduced pressure. Flash
chromatography of the crude product using a prepacked 100 g silica column [eluents:
solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B (1 CV), 10% A/90% B -
80% A/20% B over (10 CV), 80% A/20% B (2 CV); flow rate 100.0 mL/min; monitored
at 254 and 280 nm] yielded 1-(4-nitrophenyl)ethan-1-ol (16) (2.49 g, 14.9 mmol, 78%) as

a yellow-orange oil.

IH NMR (600 MHz, CDCls) & 8.17 (2H, d, J = 8.7 Hz), 7.53 (2H, d, J = 8.6 Hz), 5.01

(1H, g, J = 6.5 Hz), 1.51 (3H, d, J = 6.6 Hz).
3C NMR (151 MHz, CDCls) & 153.22, 147.09, 126.13, 123.71, 69.43, 25.44.

2-(4-Nitrophenyl)propan-2-ol (18):'®  TiCl, (3.02 mL, 27.6 mmol) was added
dropwise slowly to dry Et,O (100 mL) in an acetone / dry ice bath (-78 °C).
Methyllithium (17.2 mL, 28 mmol, 1.6 M) was then added dropwise slowly to the
reaction mixture, which was stirred for 1.5 h. 4-Nitroacetophenone (3.50g, 21.2 mmol)
dissolved in Et,O (150 mL) was added dropwise to the reaction mixture, which was
stirred for 18 h. The reaction was quenched with water, and the mixture was extracted
with CH,Cl; (3 x 50 mL), which was washed with water and brine, dried over Na;SOs,
and evaporated under reduced pressure. Flash chromatography of the crude product using
a prepacked 100 g silica column [eluents: solvent A, EtOAc; solvent B, hexanes;
gradient, 10% A/90% B (1 CV), 10% A/90% B = 60% A/40% B (10 CV), 60% A/40%
B (2 CV); flow rate 100.0 mL/min; monitored at 254 and 280 nm] vyielded 2-(4-

nitrophenyl)propan-2-ol (18) (1.42 g, 7.84 mmol, 37%) as an orange oil.
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'H NMR (600 MHz, CDCls) § 8.16 (2H, d, J = 8.9 Hz), 7.65 (2H, d, J = 8.9 Hz), 1.61

(7TH, s).
13C NMR (151 MHz, CDCl3) § 156.52, 146.64, 125.51, 123.45, 72.49, 31.69.

(4-methoxy-3-((4-nitrobenzyl)oxy)phenyl)(3,4,5-trimethoxyphenyl)methanone

(20);88:102105.106 phangtatin (0.500 g, 1.57 mmol), DIAD (0.35 mL, 1.9 mmol), and 4-
nitrobenzyl alcohol (0.481 g, 3.14 mmol) were dissolved in dry CH,Cl, (60 mL).
Triphenylphosphine (0.700 g, 2.67 mmol) was added, and the reaction mixture was
stirred for 2 d. The reaction was quenched with water, and the reaction mixture was
extracted with EtOAc, which was dried with Na,SO, and evaporated under reduced
pressure. Flash chromatography of the crude product using a prepacked 100 g silica
column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B (1 CV),
10% A/90% B -> 80% A/20% B (10 CV), 80% A/20% B (2 CV); flow rate 100.0
mL/min; monitored at 254 and 280 nm] vyielded (4-methoxy-3-((4-
nitrobenzyl)oxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (20) (0.462 g, 1.02 mmol,

65%) as a yellow solid.

'H NMR (600 MHz, acetone-dg) & 8.31 (2H, d, J = 8.7 Hz), 7.84 (2H, d, J = 9.0 Hz),
7.54 (1H, d, J = 2.0 Hz), 7.52 (1H, dd, J = 8.3, 2.0 Hz), 7.18 (1H, d, J = 8.4 Hz), 7.04

(2H, s), 5.40 (2H, s), 4.00 (3H, s), 3.87 (6H, s), 3.84 (3H, s).

3C NMR (151 MHz, acetone-ds) & 193.21, 153.71, 153.10, 147.67, 145.12, 141.81,
133.24, 130.25, 128.06, 125.41, 123.49, 114.93, 110.99, 107.37, 99.99, 69.45, 59.80,

55.70, 55.54. HRMS [M+Na]": 476.1315 (calcd for [C24H2sNNaOg]”*, 476.1316).

HPLC retention time (Method B): 9.55 min.
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(4-Methoxy-3-(1-(4-nitrophenyl)ethoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone

(21);88102105106 phenstatin (0.500 g, 1.57 mmol), DIAD (0.348 mL, 1.88 mmol), and 1-
(4-nitrophenyl)ethan-1-ol (0.525 g, 3.14 mmol) were dissolved in dry CH,Cl, (60 mL).
Triphenylphosphine (0.700 g, 2.67 mmol) was added to the reaction mixture, which was
stirred for 2 d. The reaction was quenched with water, and the reaction mixture was
extracted with CH,Cl, (3 x 40 mL), which was dried with Na,SO, and evaporated under
reduced pressure. Flash chromatography of the crude product using a prepacked 100 g
silica column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B (1
CV), 10% A/90% B > 80% A/20% B over (10 CV), 80% A/20% B (2 CV); flow rate
100.0 mL/min; monitored at 254 and 280 nm] yielded (4-methoxy-3-(1-(4-
nitrophenyl)ethoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (21) (0.315 g, 0.675

mmol, 43%) as white solid.

IH NMR (600 MHz, acetone-dg) & 8.26 (2H, d, J = 8.8 Hz), 7.78 (2H, d, J = 8.4 Hz),
7.46 (1H, dd, J = 8.4, 2.0 Hz), 7.34 (1H, d, J = 2.0 Hz), 7.15 (1H, d, J = 8.4 Hz), 6.93
(2H, s), 5.72 (1H, g, J = 6.4 Hz), 4.00 (3H, s), 3.83 (3H, s), 3.81 (6H, 5), 1.69 (3H, d, J =

6.5 Hz).

3C NMR (151 MHz, CDCl3) & 194.27, 153.96, 152.80, 150.05, 147.48, 146.57, 141.76,
133.04, 130.14, 126.53, 125.83, 124.01, 116.93, 110.61, 107.50, 60.98, 56.36, 56.14,

23.86, 21.95. HRMS [M+Na]": 490.1471 (calcd for [C2sH2sNNaOg]*, 490.1472).
HPLC retention time (Method B): 10.05 min.

(4-Methoxy-3-((2-(4-nitrophenyl)propan-2-yl)oxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (22):88102105106  phenstatin (0.500 g, 1.57 mmol), ADDP

45



(0.475 g, 1.88 mmol), and 2-(4-nitrophenyl)propan-2-ol (0.569 g, 3.14 mmol) were
dissolved in dry CH,Cl, (70 mL). Tributylphosphine (0.66 mL, 2.67 mmol) was added
dropwise to the reaction mixture, which was stirred for 2 d. The reaction was quenched
with water, and the mixture was extracted with EtOAc, which was washed with water and
brine, dried with Na,SO4, and evaporated under reduced pressure. Flash chromatography
of the crude product using a prepacked 100 g silica column [eluents: solvent A, EtOACc;
solvent B, hexanes; gradient, 10% A/90% B (1 CV), 10% A/90% B - 80% A/20% B (10
CV), 80% A/20% B (2 CV); flow rate 100.0 mL/min; monitored at 254 and 280 nm]
yielded (4-methoxy-3-((2-(4-nitrophenyl)propan-2-yl)oxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (22) (0.174 g, 0.361 mmol, 23%) as tan solid,

'H NMR (600 MHz, acetone-dg) & 8.25 (2H, d, J = 8.9 Hz), 7.91 (2H, d, J = 8.9 Hz),
7.57 (1H, dd, J = 8.5, 2.1 Hz), 7.18 (1H, d, J = 8.5 Hz), 7.12 (1H, d, J = 2.1 Hz), 6.92

(2H, s), 3.96 (3H, s), 3.84 (6H, s), 3.83 (3H, 5), 1.76 (6H, ).

3C NMR (151 MHz, acetone-ds) & 193.05, 156.74, 154.53, 153.03, 147.02, 143.92,
141.76, 133.21, 129.72, 126.62, 126.34, 123.48, 123.30, 111.62, 107.16, 81.28, 59.77,

55.73, 55.43, 27.99.
HRMS [M+Na]": 504.1629 (calcd for [C,6H27NNaOg]”*, 504.1629).
HPLC retention time (Method B): 10.82 min.

Ethyl 2-amino-1-methyl-1H-imidazole-5-carboxylate (26):'** To a suspension of
sarcosine ethyl ester (4.00 g, 0.026 mol) in THF (90 mL) and ethyl formate (90 mL) was
added NaH (60 % dispersion in mineral oil, 10.0 g, 0.25 mol) in several portions at room
temperature. The reaction mixture was stirred for 3 h, and, during this time, a yellow
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suspension formed. The reaction mixture was concentrated and triturated with hexane (2
x 150 mL). The hexane was decanted, and the resulting light tan solid was dried in vacuo.
Ethanol (80 mL) and concentrated aqueous HCI (16 mL) were added to the solid, and the
suspension was heated to reflux for 2 h. The reaction mixture was then filtered while hot,
and the filter was rinsed with boiling ethanol (2 x 50 mL). The combined filtrate was
concentrated to yield a brown oil. The oil was diluted with ethanol (140 mL) and water
(60 mL), and the pH of the solution was adjusted to 3 by using NaOH solution (2 M).
Cyanamide (2.18 g, 0.052 mol) was added, and the resulting solution was heated to reflux
for 1.5 h. After being cooled to room temperature, the reaction mixture was concentrated
to approximately 1/8 of its original volume. Solid K,CO3; was added to adjust the pH of
the concentrated reaction mixture to 8-9, resulting in the formation of a yellow
precipitate. The solid was removed by filtration, washed with a K,COj3 solution (1 M, 1 x
20 mL) and water (2 x 20 mL) and dried to afford a pale yellow solid (1.97 g, 12.0 mmol,

45%).

IH NMR (600 MHz, CDCl3) & 7.45 (1H, s), 4.27 (2H, g, J = 7.1 Hz), 4.25 (2H, s), 3.68

(3H, s), 1.34 (3H, t, I = 7.1 Hz).
3C NMR (151 MHz, CDCl3) § 160.67, 151.89, 135.50, 119.05, 59.82, 30.55, 14.41.

Ethyl 1-methyl-2-nitro-1H-imidazole-5-carboxylate (27):'°***" Aminoimidazole
(0.700 g, 4.14 mmol) in acetic acid (7.3 mL) was added dropwise to an aqueous solution
of sodium nitrite (3.6 mL, 11 M). The solution was stirred at room temperature for 4 h
until no more N, was formed. The reaction mixture was extracted with CH,Cl, (1 x 20

mL), washed with brine (1 x 20 mL) and a saturated aqueous solution of Na,SO3 (1 x 20
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mL). The organic layer was then dried over Na,SO,, filtered and concentrated to afford a
crude yellow solid. Purification by flash chromatography using a prepacked 25 g silica
column [solvent A: EtOAc; solvent B: hexanes; gradient: 7%A / 93%B (4 CV), 7%A /
93%B — 60%A / 40%B (10 CV), 60%A / 40%B (2 CV); flow rate: 70 mL/min;
monitored at 254 and 280 nm] afforded the nitroimidazole analogue 27 (0.510 g, 2.60

mmol, 63%) as a yellow solid.

'H NMR (600 MHz, CDCl3) & 7.74 (1H, s), 4.40 (2H, g, J = 7.1 Hz), 4.35 (3H, s), 1.41

(3H,t,J = 7.1 Hz).
13C NMR (151 MHz, CDCl3) § 159.08, 147.46, 134.67, 126.29, 61.84, 35.39, 14.18.

(1-Methyl-2-nitro-1H-imidazol-5-yl)methanol (28):*°*!%" A suspension of the
nitroimidazole ethyl ester (0.796 g, 4.00 mmol) in 0.75 M NaOH solution (16 mL) was
stirred at room temperature overnight to give a clear light yellow solution. The pH of the
reaction mixture was adjusted to 1 by adding concentrated HCI. The resulting solution
was extracted with EtOAc (5 x 20 mL). The combined organic layer was dried over
Na,SO, and concentrated to afford a light yellow solid. The solid was dissolved in THF
(8 mL) with triethylamine (0.880 mL, 6.30 mmol). Isobutylchloroformate (0.820 mL,
6.30 mmol) was added dropwise at -40 °C, and the reaction mixture was stirred at room
temperature for 1 h. NaBH, (0.794 g, 21.0 mmol) was added to the solution, followed by
dropwise addition of water (7 mL) over 1 h while maintaining the temperature around 0
°C. The reaction mixture was extracted with Et,O (3 x 20 mL), which was dried over
Na,SO,4and concentrated under reduced pressure. Purification by flash chromatography

using a prepacked 25 g silica column [solvent A: methanol; solvent B: CH,Cl,; gradient:
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1%A /1 99%B (4 CV), 1%A / 99%B — 15%A / 85%B (10 CV), 15%A / 85%B (2 CV);
flow rate: 75 mL/min; monitored at 254 and 280 nm] afforded the normethyl

nitroimidazole trigger (28) (0.449 g, 2.86 mmol, 71%) as a pale yellow solid.
'H NMR (600 MHz, Methanol-ds) 5 7.11 (1H, s), 4.68 (2H, s), 4.06 (3H, ).
13C NMR (151 MHz, MeOD) § 145.82, 137.93, 126.02, 53.16, 33.40.

1-Methyl-2-nitro-1H-imidazole-5-carbaldehyde (29): Normethyl nitroimidazole trigger
28 (359 mg, 2.28 mmol) was dissolved in CH,Cl, (10 mL). Dess—Martin periodinane
(1.16 g, 2.74 mmol) was added and the reaction mixture was stirred for 1 h at room
temperature. Saturated solutions of NaHCOj3 (20 mL) and sodium thiosulfate (20 mL)
were added to the reaction mixture, which was extracted with EtOAc (3 x 25 mL). The
combined organic layers were dried over Na,SO, and filtered, and the solvent was
removed under reduced pressure. Purification by flash chromatography using a prepacked
25 g silica column [solvent A: EtOAc; solvent B: hexanes; gradient: 12%A / 88%B (1
CV), 12%A / 88%B — 100%A / 0%B (10 CV), 100%A / 0%B (2 CV); flow rate: 75
mL/min; monitored at 254 and 280 nm] afforded imidazole analogue (346 mg, 2.23

mmol, 98%) as a yellow solid.
'H NMR (600 MHz, CDCl3) § 9.94 (1H, s), 7.82 (1H, ), 4.36 (3H, s).
3C NMR (151 MHz, CDCl3) & 180.39, 148.35, 139.38, 132.38, 35.57.

1-(1-Methyl-2-nitro-1H-imidazol-5-yl)ethan-1-ol (30):'* TiCl, (1.3 mL, 11 mmol) in
Et,O (60 mL) was treated with methyllithium (7.1 mL, 1.6M, 11 mmol) at -78 °C, and the

resulting solution was stirred for 1 h. A THF (15 mL) solution of imidazole aldehyde
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analogue (0.884 g, 5.70 mmol) was added dropwise and the reaction mixture was stirred
for 24 h. Water (50 mL) was added and the resulting solution was extracted with EtOAc
(3 x 50 mL), which was dried over Na,SO, and concentrated to afford a crude brown oil.
Purification by flash chromatography using a prepacked 50 g silica column [solvent A:
EtOAc; solvent B: hexanes; gradient: 17%A / 83%B (1 CV), 17%A / 83%B — 100%A /
0%B (7 CV), 100%A / 0%B (5 CV); flow rate: 100 mL/min; monitored at 254 and 280
nm] afforded the monomethyl nitroimidazole trigger (30) (400 mg, 2.34 mmol, 41%) as a

yellow solid.

IH NMR (600 MHz, acetone-dg) & 7.07 (1H, ), 5.01 (1H, p, J = 6.2 Hz), 4.64 (1H, d, J =

6.0 Hz), 4.09 (3H, s), 1.63 (3H, d, J = 6.6 Hz).
13C NMR (151 MHz, acetone-dg) & 146.4, 141.6, 124.7, 60.4, 33.9, 21.1

(4-Methoxy-3-((1-methyl-2-nitro-1H-imidazol-5-yl)methoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (31):%81%%191% phenstatin (0.500 g, 1.57 mmol), (1-
methyl-2-nitro-1H-imidazol-5-yl)methanol (0.296 g, 1.89 mmol), and DIAD (0.40 mL,
2.04 mmol) were dissolved in CH,Cl,. Triphenylphosphine (0.825 g, 3.14 mmol) was
added to the mixture, and the reaction mixture was stirred for 24 h. The reaction mixture
was then evaporated under reduced pressure. Flash chromatography of the crude product
using a prepacked 100 g silica column [eluents: solvent A: EtOAc; solvent B: hexanes;
gradient, 17%A/83%B over 1.19 min (1 CV), 17%A/83%B - 100%A/0%B over 8.33
min (7 CV), 100%A / 0%B over 5.95 min (5 CV); flow rate 100 mL/min; monitored at

254 and 280 nm] vyielded (4-methoxy-3-((1-methyl-2-nitro-1H-imidazol-5-
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yl)methoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (31) (0.346 g, 0.757 mmol, 48%)

as a pale yellow-white solid.

'H NMR (600 MHz, CDCl3) § 7.62 (1H, d, J = 1.7 Hz), 7.52 (1H, dd, J = 8.3, 1.7 Hz),
7.24 (1H, s), 7.04 (2H, s), 6.97 (1H, d, J = 8.4 Hz), 5.18 (2H, s), 4.16 (3H, s), 3.97 (3H,

s), 3.96 (3H, s), 3.91 (6H, s).

3C NMR (151 MHz, CDCl3) & 194.16, 153.97, 152.91, 146.74, 141.88, 132.92, 132.30,

130.43, 129.31, 127.00, 116.43, 110.61, 107.52, 99.98, 61.24, 61.01, 56.39, 56.05, 34.54.
HRMS [M+Na]": 480.1376 (calcd for [C22H23N3NaOg]*,480.1377).
HPLC retention time (Method B): 4.66 min.

(4-methoxy-3-(1-(1-methyl-2-nitro-1H-imidazol-5-yl)ethoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (32):381921921% phenstatin (0.250 g, 0.786 mmol), DIAD
(0.19 mL, 1.02 mmol), and 1-(1-methyl-2-nitro-1H-imidazol-5-yl)ethan-1-ol (0.161 g,
0.943 mmol) were added to dry CH,Cl, (50 mL). Triphenylphosphine (0.412 g, 1.57
mmol) was added, and the reaction mixture was stirred for 2 d. The reaction solvent was
evaporated under reduced pressure. Flash chromatography of the crude product using a
prepacked 100 g silica column [eluents: solvent A: EtOAc; solvent B: hexanes; gradient,
15%A/85%B over 1.19 min (1 CV), 15%A/85%B —-> 100%A/0%B over 8.33 min (7
CV), 100%A / 0%B over 14.28 min (12 CV); flow rate 100 mL/min; monitored at 254
and 280 nm] yielded (4-methoxy-3-(1-(1-methyl-2-nitro-1H-imidazol-5-
yl)ethoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (32) (0.119 g, 0.252 mmol, 32%)

as a pale yellow-white solid.
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'H NMR (600 MHz, CDCly) § 7.57 (1H, d, J = 2.0 Hz), 7.55 (1H, dd, J = 8.3, 2.0 Hz),
7.21 (1H, s), 7.02 (2H, s), 6.99 (1H, d, J = 8.4 Hz), 5.59 (1H, g, J = 6.5 Hz), 4.13 (3H, s),

3.97 (3H, s), 3.96 (3H, 5), 3.91 (6H, 5), 1.81 (3H, d, J = 6.5 H2).

3C NMR (151 MHz, CDCl3) & 194.09, 154.63, 152.90, 145.23, 141.89, 137.09, 132.88,

130.47, 127.15, 118.90, 110.95, 107.51, 99.98, 68.42, 61.01, 56.39, 56.04, 34.70, 18.55.
HRMS [M+Na]*: 494.1533 (calcd for [CasHasNsNaOg]* 494.1534).
HPLC retention time (Method B): 5.17 min.

(5-Nitrofuran-2-yl)methanol (34):%® 5-Nitrofuran-2-carbaldehyde (4.00 g, 28 mmol)
was dissolved in anhydrous methanol (80 mL) and cooled to 0 °C. NaBH, (1.17 g, 31
mmol) was added to the reaction mixture, which was stirred for 2.5 h. The reaction was
guenched with an HCI solution (1 M, 40 mL) and extracted with EtOAc (3 x 50 mL). The
combined organic layer was dried over Na,SO,4 and concentrated under reduced pressure
to afford a crude yellow oil. Purification by flash chromatography using a prepacked 100
g silica column [solvent A: EtOAc; solvent B: hexanes; gradient: 7%A / 93%B (1 CV),
7%A / 93%B — 60%A / 40%B (10 CV), 60%A / 40%B (2 CV); flow rate: 100 mL/min;
monitored at 254 and 280 nm] afforded (5-nitrofuran-2-yl)methanol (34) (3.23 g, 22.6

mmol, 80%) as a pale yellow oil.

'H NMR (600 MHz, CDCl3) & 7.31 (1H, d, J = 3.6 Hz), 6.58 (1H, d, J = 3.6 Hz), 4.74

(2H, s), 2.09 (1H, s).

13C NMR (151 MHz, CDCl3) § 157.37, 151.92, 112.40, 110.61, 57.45.
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1-(5-Nitrofuran-2-yl)ethan-1-ol (35):*®® TiCl, (0.78 mL, 7.1 mmol) in Et,0 (35 mL)
was treated with methyllithium (4.4 mL, 1.6 M, 7.1 mmol) at -78 °C. The resulting
solution was stirred for 1 h. A THF (10 mL) solution of 5-nitrofuran-2-carbaldehyde
(0.500 g, 3.5 mmol) was added dropwise, and the reaction mixture was stirred for 24 h.
Water (30 mL) was added and the resulting solution was extracted with EtOAc (3 x 30
mL), which was dried over Na,SO, and concentrated to afford a crude brown oil.
Purification by flash chromatography using a prepacked 25 g silica column [solvent A:
EtOAc; solvent B: hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 93%B — 60%A /
40%B (10 CV), 60%A / 40%B (2 CV); flow rate: 75 mL/min; monitored at 254 and 280
nm] afforded 1-(5-nitrofuran-2-yl)ethan-1-ol (35) (449 mg, 2.86 mmol, 81%) as a brown

oil.

IH NMR (600 MHz, CDCls) § 7.29 (1H, d, J = 4.1 Hz), 6.52 (1H, d, J = 4.6 Hz), 4.96

(1H, g, J = 7.1 Hz), 2.57 (1H, s), 1.61 (3H, d, J = 6.8 Hz).
3C NMR (151 MHz, CDClg) § 161.27, 151.59, 112.51, 108.57, 63.66, 21.38.

1-(5-Nitrofuran-2-yl)ethan-1-one (36): Dess-Martin periodinane (8.62 g, 20.4 mmol)
was added to 1-(5-nitrofuran-2-yl)ethan-1-ol (3.20 g, 20.4 mmol) dissolved in CH,Cl,
(250 mL), and the reaction mixture was stirred for 1 h. The reaction was quenched with
saturated solutions of sodium thiosulfate and NaHCO3, then extracted with CH,Cl, (3 x
50 mL), which was washed with water and brine, dried with Na,SO,4, and evaporated
under reduced pressure. Flash chromatography of the crude product using a prepacked
100 g silica column [eluents: solvent A, EtOACc; solvent B, hexanes; gradient, 7% A/93%

B over 1.19 min (1 CV), 7% A/93% B - 50% A/50% B over 13.12 min (10 CV), 50%
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A/50% B over 2.38 min (2 CV); flow rate 100.0 mL/min; monitored at 254 and 280 nm]

yielded 1-(5-nitrofuran-2-yl)ethan-1-one (36) (2.98 g, 19.2 mmol, 94%) as yellow solid.

'H NMR (600 MHz, CDCls) § 7.38 (1H, d, J = 3.8 Hz), 7.28 (1H, d, J = 3.7 Hz), 2.61

(3H, s).
3C NMR (151 MHz, CDCl3) 6 186.73, 151.91, 151.48, 116.79, 111.94, 26.27.

2-(5-Nitrofuran-2-yl)propan-2-ol (37): 1-(5-Nitrofuran-2-yl)ethan-1-one (3.00 g, 19.3
mmol) in CH,Cl, (120 mL) was treated dropwise at 0 °C with trimethylaluminium (16.0
mL, 2.0 M, 32 mmol), and the resulting yellow solution was stirred for 90 min at 0 °C.
Sat. ag. NH4Cl was added to the reaction mixture, which was extracted with CH,Cl, (3 x
50 mL). The combined organic layers were dried over Na,;SO, and filtered, and the
solvent was removed under reduced pressure to give a yellow oil. Purification by flash
chromatography using a prepacked 100 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 93%B — 60%A / 40%B (10 CV), 60%A
/ 40%B (2 CV); flow rate: 1000mL/min; monitored at 254 and 280 nm] afforded 2-(5-

nitrofuran-2-yl)propan-2-ol (37) (2.75 g, 16.1 mmol, 83%) as a yellow oil.

IH NMR (600 MHz, CDCls) 8 7.27 (1H, d, J = 3.7 Hz), 6.49 (1H, d, J = 3.7 Hz), 2.36

(1H, s), 1.65 (7H, s).
13C NMR (151 MHz, CDCls) & 164.05, 151.36, 112.55, 107.37, 69.30, 28.67.

(4-Methoxy-3-((5-nitrofuran-2-yl)methoxy)phenyl)(3,4,5-
trimethoxyphenyl)methanone (38):1%21951% phenstatin (0.250 g, 0.786 mmol), DEAD

(0.16 mL, 1.02 mmol), and (5-nitrofuran-2-yl)methanol (0.135 g, 0.943 mmol) were
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dissolved in dry CH,CI, (60 mL). Triphenylphosphine (0.412 g, 1.57 mmol) was added,
and the reaction mixture was stirred for 2 d. The solvent was evaporated under reduced
pressure. Flash chromatography of the crude product using a prepacked 50 g silica
column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B over
1.19 min (1 CV), 10% A/90% B - 80% A/20% B over 13.12 min (10 CV), 80% A/20%
B over 2.38 min (2 CV); flow rate 100.0 mL/min; monitored at 254 and 280 nm] yielded
(4-methoxy-3-((5-nitrofuran-2-yl)methoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone

(38) (0.143 g, 0.322 mmol, 41%) as a white solid.

IH NMR (600 MHz, acetone-dg) 3 7.59 (1H, d, J = 2.0 Hz), 7.56 — 7.52 (2H, m), 7.17
(1H, d, J = 8.4 Hz), 7.06 (2H, 5), 6.95 (1H, d, J = 3.7 Hz), 5.32 (2H, 5), 3.96 (3H, s), 3.88

(6H, s), 3.85 (3H, s).

3C NMR (151 MHz, acetone-dg) & 193.12, 154.11, 153.89, 153.12, 147.13, 141.85,
133.19, 130.26, 126.00, 124.87, 116.00, 113.41, 112.45, 111.18, 107.39, 63.08, 59.80,

55.72, 55.47. HRMS [M+Na]": 466.1107 (calcd for [C22H21NNaOg]”*, 466.1109).
HPLC retention time (Method B): 6.81 min.

(4-Methoxy-3-(1-(5-nitrofuran-2-yl)ethoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (39):81021051%6 phenstatin (0.250 g, 0.786 mmol), DIAD
(0.20 mL, 1.02 mmol), and 1-(5-nitrofuran-2-yl)ethan-1-ol (0.148 g, 0.943 mmol) were
dissolved in dry CH,CI, (60 mL). Triphenylphosphine (0.412 g, 1.57 mmol) was added,
and the reaction mixture was stirred for 2 d. The solvent was evaporated under reduced
pressure. Flash chromatography of the crude product using a prepacked 50 g silica

column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B over
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1.19 min (1 CV), 10% A/90% B - 80% A/20% B over 13.12 min (10 CV), 80% A/20%
B over 2.38 min (2 CV); flow rate 100.0 mL/min; monitored at 254 and 280 nm] yielded
(4-methoxy-3-(1-(5-nitrofuran-2-yl)ethoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone

(39) (0.169 g, 0.369 mmol, 47%) as a white solid.

'H NMR (600 MHz, acetone-dg) 5 7.55 (1H, dd, J = 8.4, 2.1 Hz), 7.51 (1H, d, J = 2.1
Hz), 7.49 (1H, d, J = 3.7 Hz), 7.17 (1H, d, J = 8.4 Hz), 7.02 (2H, ), 6.83 (1H, d, J = 3.5
Hz), 5.65 (1H, g, J = 6.5 Hz), 3.97 (3H, s), 3.87 (6H, s), 3.84 (3H, 5), 1.77 (3H, d, J = 6.6

Hz).

3C NMR (151 MHz, acetone-dg) & 193.05, 158.26, 154.84, 153.11, 151.79, 146.11,
141.89, 133.16, 130.29, 126.49, 119.30, 112.44, 111.54, 111.02, 107.39, 70.96, 59.80,

55.73, 55.52, 18.82.
HRMS [M+Na]": 480.1263 (calcd for [C,3H23NNaOg]”, 480.1265).
HPLC retention time (Method B): 7.86 min.

(4-Methoxy-3-((2-(5-nitrofuran-2-yl)propan-2-yl)oxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (40):281%21951% phenstatin (1.00 g, 3.14 mmol), ADDP
(1.03 g, 4.08 mmol), and 2-(5-nitrofuran-2-yl)propan-2-ol (0.646 g, 3.77 mmol) were
dissolved in dry THF (80 mL). Tributylphosphine (1.55 mL, 6.28 mmol) was added
dropwise, and the reaction mixture was stirred for 2 d. The solvent was evaporated under
reduced pressure. Flash chromatography of the crude product using a prepacked 100 g
silica column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B (1
CV), 10% A/90% B > 80% A/20% B (10 CV), 80% A/20% B (0.2 CV); flow rate 100.0
mL/min; monitored at 254 and 280 nm] yielded (4-methoxy-3-((2-(5-nitrofuran-2-
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yl)propan-2-yl)oxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (40) (0.118 g, 0.251

mmol, 8%) as a colorless solid.

'H NMR (600 MHz, acetone-d6) & 7.58 (1H, dd, J = 8.5, 2.1 Hz), 7.40 (1H, d, J = 3.7
Hz), 7.14 — 7.06 (2H, m), 6.94 (2H, s), 6.69 (1H, d, J = 3.7 Hz), 3.83 (6H, s), 3.81 (3H,

s), 3.80 (3H, s), 1.75 (6H, s).

3C NMR (151 MHz, acetone-dg) & 192.97, 160.47, 157.53, 153.09, 151.48, 143.09,
141.85, 133.15, 129.94, 127.80, 125.96, 112.31, 111.61, 110.81, 107.25, 77.40, 59.80,

55.74, 55.38, 25.03.
HRMS [M+Na]": 494.1422 (calcd for [Cp4H2sNNaOg]* 494.1422).
HPLC retention time (Method B): 8.26 min

Biological Evaluations

Colchicine Binding Assay. Inhibition of [*H]colchicine binding to tubulin was determined
using 0.1 mL reaction mixtures. Each reaction mixture contained 1.0 uM tubulin, 5.0 uM
[*H]colchicine (from Perkin-Elmer), 5% (v/v) dimethyl sulfoxide, potential inhibitors at
5.0 UM and components that were previously demonstrated to stabilize the colchicine

binding activity of tubulin'*!

(2.0 M monosodium glutamate [adjusted to pH 6.6 with HCI
in a 2.0 M stock solution], 0.5 mg/mL bovine serum albumin, 0.1 M glucose-1-
phosphate, 1.0 mM MgCl,, and 1.0 mM GTP). Incubation was for 10 min at 37°C, a time
point at which the binding reaction in the control is 40-60% complete. Reactions were
stopped by adding 2.0 mL of ice-cold water and placing the samples on ice. Each sample
was poured onto a stack of two DEAE-cellulose filters, followed immediately by 6 mL of

ice-cold water, and the water was aspirated under reduced vacuum. The filters were
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washed with 2 mL water X 3 and, following removal of excess water under a strong
vacuum, placed into vials containing 5 mL of Biosafe Il scintillation cocktail. Samples
were counted the next day in a Beckman scintillation counter. Samples with potential
inhibitors were compared to controls with no inhibitor to determine percent inhibition.
All samples were corrected for the amount of colchicine that bound to the filters in the

absence of tubulin.

Inhibition of Tubulin Polymerization'** Tubulin assembly experiments were performed
using 0.25 mL reaction mixtures (final volume).'*? The mixtures contained 1 mg/mL (10
M) purified bovine brain tubulin, 0.8 M monosodium glutamate (pH 6.6, as above), 4%
(v/v) dimethyl sulfoxide, 0.4 mM GTP, and varying compound concentrations. Initially,
all components except GTP were preincubated for 15 min at 30 °C in 0.24 mL. After
chilling the mixtures on ice, 10 pL of 10 mM GTP was added. The reaction mixtures
were then transferred to cuvettes held at 0 °C in Beckman DU-7400 and DU-7500
spectrophotometers equipped with electronic temperature controllers. The temperature
was jumped to 30 °C over about 30 s, and polymerization was followed turbidimetrically
at 350 nm for 20 min. Each reaction set included a reaction mixture without compound,
and the 1C50 was defined as the compound concentration that inhibited extent of

assembly by 50% after 20 min at 30 °C.

NADPH Cytochrome P450 Oxidoreductase Cleavage Assay***'*® Rat NADPH
cytochrome P450 oxidoreductase (POR) and protocatechuate 3,4-dioxygenase (PCD)

were purchased from Corning® and Sigma-Aldrich, respectively, and their enzymatic
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activities were determined in terms of enzyme units (U). All bioreductive prodrugs were

dissolved in DMSO as 10 mM stock solutions.

An aliquot (5 pL) of the 10 mM compound DMSO stock solution along with 0.5
ML 0.1% Triton X-100 were added to 395.5 pl 200 mM pH 7.4 potassium phosphate
buffer containing 400 uM freshly made protocatechuic acid (PCA). The components
were fully mixed in a microvessel capped with a rubber septum stopper and subjected to
three cycles of evacuation and flushing with N, using a manifold, followed by sparging
with N, for an additional 20 min. PCD (0.08 units) was added by Hamilton syringe, and
the solution was scrubbed for 10 min to allow for sufficient O, digestion by PCA/PCD.
POR stock (0.006 units) was introduced followed by NADPH (0.8 mM final
concentration) into the vial followed by an additional round of N, sparging. The reaction
mixture was incubated for 24 h at 37 °C, cooled on ice and treated with an equal volume
of acetonitrile. After centrifugation and filtration, the samples were analyzed by HPLC.

Solutions without POR were used as controls.
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CHAPTER THREE
Bioreductively Activatable Prodrug Conjugates of Combretastatin A-1 and

Combretastatin A-4 as Anticancer Agents Targeted towards Tumor Hypoxia

This chapter will be submitted to a peer reviewed journal with the following author list
and title: Blake A. Winn'", Laxman Devkota'?, Bunnarack Kuch', Matthew T.
MacDonough®, Yifan Wang®, Tracy E. Strecker*, Zhe Shi*, Jeni Gerberich?, Deboprosad
Mondal®, Rajeswari Mukherjee!, Ernest Hamel®, David J. Chaplin**, Peter Davis, Ralph
Mason,? Mary L. Trawick'", Kevin G. Pinney*” Bioreductively Activatable Prodrug
Conjugates of Combretastatin A-1 and Combretastatin A-4 as Anticancer Agents Targeted
towards Tumor Hypoxia
The author Blake A. Winn contributed to this manuscript through the synthesis of six of

the final compounds including full characterization, which included proton and carbon
NMRs, HPLC, and HRMS. In addition, Blake A. Winn significantly contributed to the

writing and editing of the manuscript, as well as the preparation of the supporting data.

Abstract
Targeting tumor-associated hypoxia with small-molecule anticancer agents represents a
promising strategy to potentially improve treatment efficacy and reduce patient side-
effect profiles. Bioreductively activatable prodrug conjugates (BAPCs), which
incorporate a potent anticancer agent with a bioreductive trigger, are designed to be
substrates for reductase enzymes operating in regions of tumor hypoxia. While inert
under normoxic conditions, these BAPCs are intended to be cleaved in low oxygen
environments (hypoxia) to release their parent anticancer agent. Synthetic pathways have
been identified for the preparation of nitrothienyl prodrugs of the natural product

combretastatin A-1 (CA1) that incorporate nor-methyl, mono-methyl, and gem-dimethyl
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nitrothiophene triggers. A regioselective protecting group strategy (tosyl, isopropyl, and
tert-butyldimethylsilyl) was utilized to establish regioselective control around the
catechol functionality inherent to CA1, thus facilitating incorporation of these
nitrothiophene triggers at the C-2 and C-3 positions of CAL. A related series of BAPCs
based on the natural product combretastatin A-4 (CA4), which was originally reported by
Davis and co-workers, were synthesized as comparison standards. CA4 and CA1 function
biologically as potent inhibitors of tubulin polymerization and effective vascular
disrupting agents (VDAS). These series of CA1 and CA4 BAPCs (15 compounds in total)
were evaluated biologically for their ability to inhibit tubulin polymerization and for their
differential cytotoxicity (normoxia versus hypoxia) against the A549 human lung cancer
cell line. In addition, they were evaluated as substrates for the reductase enzyme NADPH
cytochrome P450 oxidoreductase (POR). The CA4-gem-dimethylnitrothiophene BAPC
(45) proved exemplary in comparison to its nor-methyl and mono-methyl CA4-BAPC
cogeners (43 and 44, respectively). It was stable to hydrolysis conditions (24 h), was
cleaved by POR (25% at 90 min), was inactive (desirable prodrug attribute) as an
inhibitor of tubulin polymerization (ICso > 20 uM), and demonstrated hypoxia-selective
activation in the A549 cell line [hypoxia cytotoxicity ratio (HCR) = 40]. The related
CAl-gem-dimethylnitrothiophene BAPC (41) was also promising with HCR = 30 and
complete cleavage observed upon treatment with POR. However, BAPC 41 was also
labile under hydrolysis conditions, suggesting that pharmacokinetic (PK) considerations
may prove crucial for the successful future development of these (and related) BAPCs as

therapeutic agents.
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Introduction

The tumor microenvironment exemplifies a number of unique attributes that
distinguish it from the microenvironment associated with healthy tissue. One of these key
differences centers on vascular architecture and associated blood flow dynamics.’? Solid
tumors, once they reach approximately 2-5 mm? in size, must establish their own vascular
network in order to meet their rapidly accelerating demand for oxygen and nutrients.***
128 This rapid angiogenic development of tumor-associated vasculature results in
disorganized, fragile, and leaky vessels, thus providing a target for therapeutic
intervention.>41% v/ascular disrupting agents (VDASs) are compounds that selectively
damage established tumor-associated vasculature, thus denying necessary oxygen and
nutrients, and ultimately resulting in necrosis.»*° The natural products combretastatin A-
1 (CAL1, Figure 3.1) and combretastatin A-4 (CA4, Figure 3.1), isolated from the bark of
the African bush willow tree Combretum caffrum Kuntze (Combretacae) by Pettit and co-
workers, are potent inhibitors of tubulin polymerization (binding at the colchicine site)
and function biologically as VDAs.?2%?>3 As tubulin binding inhibitors, they cause
rapid morphological changes to the endothelial cells lining tumor-associated blood
vessels, causing vascular collapse, which leads to starvation of tumor cells from oxygen
and nutrient depravation.?****® The corresponding water-soluble phosphate prodrugs of
CAl and CA4 [referred to as CA1P (also known as OXi4503) and CA4P (also known as
Zybrestat™™) respectively, Fig. 1] have advanced through preclinical and clinical

tria|S.4'18'19'27_32
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Colchicine Combretastatins Natural Products and their Prodrugs
Combretastatin A-1 (CA1) : Ry =R =0H
Combretastatin A-1P (OXi4503) : Ry = R, = OPO3Na,
Combretastatin A-4 (CA4) : Ry =H; R, = OH
Combretastatin A-4P (CA4P) : Ry = H; R, = OPO3Na,

Figure 3.1. Colchicine and Combretastatin Natural Products and their Corresponding
Phosphate Prodrug Salts

In addition to an aberrant vascular network and elevated interstitial pressure due
to immature and leaky vasculature, the tumor microenvironment is further characterized
by a pH gradient, with cells distant from blood vessels being acidic in nature.*® The high
probability for existing tumor-associated capillaries to be kinked and distant leads to an
increased average diffusion distance for oxygen and nutrients to reach tumor cells as well
as poor blood flow in the central mass of the tumor.*® Furthermore, there is a distinct
oxygen concentration gradient inherent to a significant percentage of solid tumors,
varying from normoxic to hypoxic to anoxic.® Tumor hypoxia is believed to be one of the
significant contributing factors to treatment failure and relapse of solid tumors in cancer
patients, as the tumor cells in the hypoxic region are considered to be resistant to many

conventional anticancer therapies.>**

Importantly, the presence of low oxygen concentrations and cell necrosis are
unique features of solid tumors, not naturally occurring in normal tissue.® The presence of
pronounced regions of hypoxia in tumors offers an opportunity for targeting through the
selective delivery of potent anticancer agents utilizing appropriate prodrug
strategies.>*®“ These conjugates activate under hypoxic conditions, similar to those in

the tumor microenvironment, releasing their accompanying potent anticancer agent in a
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selective fashion. Such compounds include hypoxia-activated agents as well as

3,38,43,44

prodrugs, which are also referred as bioreductively activated prodrug conjugates
(BAPCs)."*” These hypoxia-selective agents undergo activation through either one- or
two-electron enzymes, principally NAD(P)H-dependent flavoproteins for one-electron

processes and cytochrome P450s for two-electron processes.>*®

Tirapazamine represents one type of hypoxia-selective therapeutic agent.
Reduction of its triazine moiety to a free radical leads to DNA damage and poisoning of
topoisomerase 11 (Figure 3.2).°°* While Phase | and Phase I1 clinical trials for
tirapazamine had positive results, a Phase 111 clinical trial utilizing the combination of
tirapazamine with the conventional anticancer agent cisplatin to treat advanced non-
small-cell lung cancer was unsuccessful,® displaying dose-limiting toxicity.*?>** The
high degree of hypoxia-selective activation coupled with its performance in early clinical
trials resulted in tirapazamine being viewed as a promising positive control against which
new hypoxia-selective therapeutic agents are compared.® TH-302,%* a 2-nitroimidazole-
based nitrogen mustard prodrug (Figure 3.2. B) that releases its parent drug
bromoisophosphoramide mustard under hypoxic conditions, advanced to Phase 111 human
clinical trials.****® Unlike the Phase | and 11 studies, the results of the Phase 111 clinical
trial showed no statistical significance for TH-302 against pancreatic adenocarcinoma

and soft tissue sarcoma.?%%2
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Figure 3.2. A. The Mechanism by which Tirapazamine Selectively Kills Hypoxic Cells.
B. Structure of TH-302. C. Structure of PR-104.>">

Another class of BAPCs incorporates a bioreductive trigger, which can be cleaved
to selectively release the active anticancer agent in hypoxic conditions. Once cleaved, the
therapeutic agents are released and diffuse into the tumor microenvironment (Fig. 3.3).
Since hypoxia is a condition that is commonly associated with solid tumors, it provides

an excellent opportunity for selective targeting.>*

Drug  <Bioreductive

CA4 :
BAPC Trigser Drug__ Bioreductive
CA4 Trigger

Bioreductive
Cleavage \\' Trigger

Diffusion to nearb 4 ‘E
endothelial cells & CYTOTOXIC
vascular disruptio

HYPOXIC CANCER CELL

Diffusion to
nearby
cancer cells

Figure 3.3. Selective Release of Cytotoxic Agent (CA4) from Non-Toxic BAPC under
Tumor Hypoxia. BAPCs are designed to activate selectively in the hypoxic tumor
microenvironment, thereby releasing their cytotoxic anticancer agent (payload).*
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Davis and co-workers prepared a series of nor-, mono-, and gem-dimethyl-
nitrothienyl BAPCs that incorporate CA4, and demonstrated their ability to release CA4

from the bioreductive triggers in A549 cells under hypoxic conditions.®

Normethyl; R1=R,=H
Monomethyl; Ry=H, R;=CH3;
Gem-dimethyl; R{=R,=CHj3

Figure Bég. Combretastatin A-4 (CA4 ) Incorporating Nitrothiophene-Based Bioreductive
Triggers

The efficacy of these BAPCs was evaluated by determining their cytotoxicity in

normoxia and CA4 release under normoxia versus hypoxia, in the A549 human cancer

.88
cell line.
H,CO O N
H;CO H3C CH3S H
OCH; o NO, NADPH-Cytochrome- ‘N
don, ﬂ \ P450 Reductase OH
Cleavable

Drug release
after fragmentation

ether linkage

H,CO
CH, H N
S. . .
H;CTXx —=N® H,CO O
_ OH
OCH
3 OH
OCH,

(after protonation)

Scheme. 3.1. Biological Reduction and Cleavage of CA4 gem-Dimethyl Nitrothiophene
Trigger Releasing CA4%®
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It was determined that the gem-dimethyl-nitrothiophene trigger CA4 prodrug
(Scheme 1) was the most resistant to aerobic metabolism (in comparison to the nor- and
mono-methyl-nitrothiophene trigger CA4 prodrugs) and the gem-dimethyl CA4-BAPC
remained intact in high oxygen environments.?® While the gem- and mono-substituted
CA4-BAPCs were effective across a range of oxygen concentrations, the unsubstituted

(nor-methyl) was specifically effective under extreme hypoxia (<0.01% O,).%

Inspired by the promise of targeting tumor hypoxia for the selective delivery of
tubulin-active VDAS, and building on the encouraging results reported for the CA4-
BAPCs, we have designed and synthesized a series of BAPCs that incorporate the natural
product CAl, and evaluated them in preliminary studies to access their efficacy as a new
anticancer therapeutic regimen. A regioselective protecting group strategy (incorporating
tert-butyldimethylsilyl, isopropyl, and tosyl groups) that we previously developed for
another application was utilized to differentiate the catechol functionality (C-2 and C-3
positions) inherent to CA1.33128129140 The nitrothiophene triggers previously described by
Davis and co-workers were synthesized using a new synthetic strategy.®® The resultant
CA1 BAPCs were evaluated for their ability to inhibit tubulin polymerization and to
function as substrates for the reductase enzyme cytochrome P450 oxidoreductase (POR).
In addition, differential cytotoxicity studies (normoxia versus hypoxia) suggested which

BAPCs held the most promise for the targeting of tumor hypoxia.
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Results and Discussion

Synthesis

The CA1-BAPCs were synthesized by utilizing two key reactions- a Wittig
olefination to generate regioselectively protected CAL, and a Mitsunobu reaction between
the tosyl, isopropyl, and tert-butyldimethylsilyl protected CA1 analogues (20, 21, 27, and
28 respectively, Schemes 3.4 and 3.6) and the nitrothienyl triggers (16, 17 and 19,
Scheme 3.3).2? Synthesis of the regioselectively protected Z-CA1 analogues (11-13,
Scheme 3.2) was successfully executed utilizing the Wittig olefination reaction between
aldehydes 5-7 (Scheme 3.2) and the requisite triphenyl phosphonium salt 10.! The Wittig
reaction produced both the Z- and E- isomers of the stilbene, but favored the Z- isomer

(Scheme 3.2).141%

Selective demethoxylation of aldehyde 1 using boron trichloride yielded catechol
2, which generated selectively protected aldehydes 3-7 (Scheme 3.2) using a previously
reported synthetic strategy.™*** Phosphonium salt 10 was generated after bromination of
benzyl alcohol 8 using phosphorous tribromide followed by a reaction with triphenyl
phosphine. A Wittig reaction between the suitably protected aldehydes (5-7) with Wittig
salt 10 yielded both Z- and E- stilbene isomers (11-13, favoring the Z- isomer), which
were separated using flash column chromatography. Synthesis of the three nitrothiophene

triggers utilized in the Mitsunobu reactions is detailed in Scheme 3.3.
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Scheme 3.2. Synthesis of Regioselectively Protected CA1 Analogues 11-13'281%°

The synthetic route reported by Davis and co-workers highlights the synthesis of
the nor- and mono-methyl nitrothiophene triggers 16 and 17 in good yield through the
reduction of aldehyde 14 and ketone 15 respectively (Scheme 3.3).>® However, in our
hands (Scheme 3.3), the synthesis of the gem-dimethyl nitrothiophene trigger 19 suffered
with two consecutive low yielding steps, which included methylation of the carbonyl
group followed by nitration at the C5 position. In order to scale up the production of
compound 19, it was imperative for us to develop an improved synthetic route. The new
synthetic route provided all three triggers (nor-, mono- and gem-) from a single starting
material 14. Methylation of aldehyde 14 furnished mono-methyl trigger 17, which on
subsequent oxidation and methylation yielded gem-dimethyl trigger 19 in good yield

(Scheme 3.3).
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Scheme 3.3. Synthesis of Nitrothiophene Triggers Using Old Route (Proposed by Peter
Davis and Co-Workers) and New Routes®®

Deprotection of regioselective CA1 analogues 11 and 12 using TBAF yielded
their corresponding phenols 20 and 21 respectively, which were subjected to Mitsunobu
conditions that further incorporated nitrothiophene triggers (16, 17 and 19), phosphine
reagents (PPhs or PBu3) and azo compounds (diethylazodicarboxylate [DEAD],
diisopropylazodicarboxylate [DIAD] or 1,1’-(azodicarbonyl)-dipiperidine [ADDP]) to

generate BAPCs 22-26 (Scheme 3.4).

H;CO O N H,CO “ H,CO ~
OR O OR
H,CO O " _TBARTHE | o OR, CH,Cly, rt, 24 h HACO O O o
OCH, ores 2M . 90% OCH, oH trigger phosphine azo OCHj,4 0 ] NO
oc 16 PPh;  DEAD | 2
H; OCH; 17 PPh;  DIAD OCH,
11.R;=Ts -
12 R1 = iPr 20.Ry = Ts, 70% Compd Ry R; R; %Yield
™ 21. Ry = iPr, 90% 22. Ts H H 47%
23. Ts H CH; 61%
24. iPr H H 17%
25. iPr H CH; 47%
26. Pr CH; CHs 13%

Scheme 3.4. Synthesis of Regioselectively Protected CA1-BAPCs 22-26%143
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The attempted deprotection of compounds 22 and 23 with NaOH (2M) under
either microwave or reflux conditions did not yield the desired product, but instead
cleaved the nitrothiophene trigger from the starting material, regenerating compound 20
(see Appendix B). Similarly, compound 24 regenerated compound 21 upon attempted
deprotection using AICI; (see Appendix B). In an effort to solve this problem, we
attempted to partially cleave the bis-TBS protected CA1 13 using a deficiency of TBAF,
which resulted in a mixture of regioisomers 27 and 28 (Scheme 3.5), which proved
inseparable, in our hands, by flash column chromatography. While the mixture of
regioisomers 27 and 28 produced their respective Mitsunobu products 30-34, CAl
analogue 29 was unreactive under these conditions. The protected CA1-BAPC 32 proved
difficult to purify, in our hands, through column chromatography, so the crude product
was taken to the next step. Interestingly, the conventional TBS-deprotection of
compounds 30 and 31 using TBAF yielded ring-cyclized products 35 and 36 (proposed
structures based on analysis of NMR and HRMS data) without producing any other

discernable side products (Scheme 3.6).
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Scheme 3.5. Synthesis of TBS-Protected CA1-BAPCs 30-34
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However, upon modification of the deprotection conditions [HCI (2M)/AcOH,
instead of TBAF], the desired CA1-BAPCs 37-40 were obtained (regiochemistry was
determined through 1D NOE NMR) (Scheme 3.7). Intrigued by this unusual cyclization
(that produced 35 and 36), we investigated whether exposure of phenolic compounds 30
and 31 to strong base would facilitate a similar cyclization reaction and this indeed

proved to be the case (Scheme 3.8).

NO, NO,
H;CO
J e 1D Y 1
(o} N
H;CO ‘ R, H,CO rRO<R
OCH;, OCH 2
OH 3 OH

OCH;,4 OCH;
30.R;=R;=H 37.Ry{=R;=H,17%
31.R;=H, R, =CH,4 38.R; = H, R, = CH,, 60%

HCI (2M), AcOH
+ +
THF, 8 h, rt

3C0 O N 3C° N
OH O 0|.|
H;CO R2 H;CO R,
OCHs OCH3
\ /

33.Ry=R;=H 39.R1=R;=H,12%
34.Ry=H,R,=CH; 40. Ry =H, R, = CH3, 33%

Scheme 3.7. Synthesis of Nor- and Mono- Methyl CA1-BAPCs 37-40

NO,
H;CO O N s { H;CO N
H.CO o A 2M NaOH H.CO O OR s NO,
3 R1 R I N > 3 |
OCH, oH 2 THF, 5 min OCH, G \

OCHj,4 OCH;,3
30.R;=R,=H 35.R=H, 23%
31.R; =H, R, =CH,4 36. R = CHj3, 93%

Scheme 3.8. Base Generating Ring-Cyclized Products 35 and 36

Since purification of the TBS-protected gem-dimethyl CA1 BAPC 32 by column

chromatography proved to be unsuccessful, it was taken directly to the deprotection step
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(Scheme 3.9) to generate gem-dimethyl CA1 BAPC 41. As opposed to the previous use
of HCI (2M)/AcOH in the deprotection of the silyl group (Scheme 3.7), TBAF was used
as the reagent for the deprotection (regiochemistry was determined through 1D NOE
NMR). While the overall yield for this deprotection was quite low, the remaining
material balance included only starting material, and no cyclized byproducts or E- isomer

were detected.

NO, NO,
e ) ﬁ e ) ﬁ
O o TBAF . 3H,0 O o
HsCO ~ 2P o R
ocH I\ AT SHs 2% AN
32 OCH;, 41 OCH;,

Scheme 3.9. Synthesis of Gem-Dimethyl CA1-BAPC 41

A series of CA4-BAPCs were synthesized under conditions similar to those
previously reported® by Davis et al but with some modifications (Scheme 3.10).2% CA4-
BAPC 43 was synthesized through a Mitsunobu reaction heated to 50 °C with
nitrothiophene 16.%® CA4 and nitrothiophene 17 were reacted with DIAD and
triphenylphosphine to generate BAPC 44.% The gem-dimethyl CA4-BAPC 45 was
synthesized from CA4, ADDP, nitrothiophene 19, and tributylphosphine.® In order to
improve the yield for the gem-dimethyl CA4-BAPC, subsequent Mitsunobu reactions
were performed in toluene.® While the overall yield was improved, the new method
required a more intensive purification procedure to remove the remaining CA4 and gem-
dimethyl thiophene trigger which had nearly identical chromatographic retention times to
the desired CA4-BAPC. The reaction mixture was subjected to chemical modification to
facilitate chromatographic separation during purification. The phenolic moiety of CA4

was converted to its corresponding silyl ether (TBS) and the unreacted gem-dimethyl
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trigger was subsequently acetylated, allowing both of these compounds to be successfully
separated chromatographically from the desired CA4 gem-dimethyl-nitrothiophene

BAPC.

H,CO
s O x H,CO N
H,CO O

- H,CO

R
OCH O R
3 OH 16, DEAD, PPhj, THF, 50 °C, 13 h OCH, O o 2 S
\ / NO,

OCH, 17, DIAD, PPh;, THF, r.t., 2d
19, ADDP, PBu3, benzene or toluene, r.t., 1d OCH;3
43. Ry =R, =H; 50%
44. Ry =H, R, = CH3; 26%
45. Ry = R, = CHj; 23% (benzene), 31% (toluene)

42

Scheme 3.10. Synthesis of CA4-BAPCs®®
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Figure 3.5. A. Compilation of Parent Anticancer Agents and their Corresponding BAPCs
Utilized in this Study B. Parent CAl and CA4 Anticancer Agents
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Biological Evaluation

Table 3.1.
Inhibition of Tubulin Polymerization
and Percent Inhibition of Colchicine Binding

Compound  Inhibition of Inhibition of Colchicine
Tubulin Binding
Polymerization % Inhibition uM £SD
ICso
(UM)£SD 1 uM SuM

29 (CA1)® 1.9° ND 99.6+0.7

CA4° 0.64 842 97+0.7

20 0.84+0.1 5045 84+1

KGP439

21 0.82+0.04 7214 94+0.7

KGP400

22 >20 ND ND

KGP440

23 >20 ND ND

KGP441

25 12+1 ND ND

KGP442

26 >20 ND ND

KGP443

27 9.5+0.9 ND ND

KGP444

35 1.7£0.2 ND 253

KGP445

36 >20 ND ND

KGP446

37 1.7+£0.01 53+3 92+0.5

KGP455

38 0.84+0.1 34+3 90+0.7

KGP457
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39 4.3+0.4 ND 58+4

KGP454
40 6.2+0.3 ND 72+3
KGP456
41 1.3+0.08 ND 43+4
KGP461
43 >20 ND 261
KGP 370
44 >20 ND 15+5
KGP 371
45 >20 ND 33+3
KGP 372

& Average of n > 3 independent determinations

b Data from ref. 110, see ref. 27 for additional data
¢ Data from ref. 32, see ref. 27 for additional data
9 For additionl data, see ref. 27

ND= Data not available

The BAPCs and their parent anticancer agents (CA4 and CA1) were evaluated for
their ability to inhibit tubulin polymerization and colchicine binding (Table 3.1). The
parent anticancer agents [CA4, CAL, tosyl protected CAL (20), and isopropyl protected
CAL1 (21)] utilized in this study were potent inhibitors of tubulin polymerization (ICso =
1.9, 0.64, 0.84 and 0.82 uM respectively) and strongly inhibited colchicine binding. The
TBS-protected CA1 analogue 27 was only moderate as an inhibitor of tubulin
polymerization (ICso = 9.5 uM). Ideally, the BAPCs prepared from these parent
anticancer agents would be protected from binding to tubulin until cleaved (in vivo) to
generate their corresponding anticancer agents. Considering the collective group of
fifteen BAPCs synthesized for this study, seven BAPCs (22, 23, 26, 36, 43, 44, 45) were

inactive (ICso > 20 uM) as inhibitors of tubulin polymerization while three BAPCs (25,
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39, 40) were moderate inhibitors (ICso > 3 UM but < 20 uM) and four BAPCs (35, 37, 38,
41) proved to be potent inhibitors (ICso < 3 uM). It is important to note that the BAPCs
that proved active as inhibitors of tubulin polymerization might have undergone partial
cleavage to the parent anticancer agent in the buffered (cell-free) assay conditions,
although a hydrolysis experiment (Table 3.2) demonstrated that only BAPC 41

underwent significant cleavage (100% after 48 h).

Table 3.2.
Bioreductive Trigger Hydrolysis (Untreated)
and Cleavage of Cytochrome P450 Reductase Treated BAPCs
Compound  Hydrolysis Percentage ~ Cleavage Percentage
in pH 7.4 phosphate of POR-treated for 90

buffer for 48 hrs min

20 ND ND

KGP439

21 ND ND

KGP400

22 0.25 NC

KGP440

23 0.84 135

KGP441

25 1.59 1.1

KGP442

26 0.69 3.8

KGP443

27 4.03 7.6

KGP444

35 0 NC

KGP445

36 0 NC

KGP446

37 0 14.2

KGP455 (23.8% cyclization of 455 to
445)

38 ND 5.6

KGP457 (47.8% cyclization of 457 to
446)

39 0 17.9

KGP454 (45.9% cyclization of 454 to
445)
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40 0 25.5

KGP456 (34.8% cyclization of 456 to
446)

41 100 100

KGP461

43 0.35 2.7

KGP 370

44 ND 4.1

KGP 371

45 0.69 25.4

KGP 372

ND= Data not available
NC= No cleavage

In preliminary studies, the previously described CA4-BAPCs were treated with
POR (Table 3.2). After incubation (90 min) in the presence of a PCA/PCD oxygen
scrubbing system, 43 and 44 underwent minimal cleavage (2.7% and 4.1% respectively)
while 45 was more efficiently cleaved (25.4%). These results are in accordance with the
previously reported results from Davis and co-workers that utilized supersomal POR with
compounds 43, 44, and 45, and demonstrated that 45 cleaved more readily (to release
CA4) than 43 and 44.%° This trend of increased cleavage (from gem-dimethyl to mono-
methyl to nor-methyl) to generate the corresponding parent anticancer agent (CA4 in this
case) was also observed in the POR treated CA1-BAPCs. The gem-dimethyl CA1-BAPC
41 and the isopropyl-protected gem-dimethyl BAPC (27) were cleaved more extensively
in comparison to their corresponding mono-methyl and nor-methyl BAPCs. The mono-
methyl and nor-methyl CA1-BAPCs (37, 38, 39, 40) were cleaved by POR to differential
extents, depending on the position of the nitrothiophene side chain (bioreductive trigger)
and the hydroxyl group. It should be noted that under these assay conditions, these four
BAPCs (37, 38, 39, 40) underwent cyclization to generate their corresponding cyclized

analogues 35 or 36. While the mechanism of this cyclization is unknown, it appears to
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depend, at least to some extent, on the pH of the buffer solution, and under these assay
conditions cyclization that incorporates the bioreductive trigger was more favorable than
the desired cleavage of the prodrug trigger. BAPC 41 was the only gem-dimethyl BAPC
that was fully cleaved (100%) by POR (90 min) in this study, thus its hydrolytic stability
was further evaluated in the pH 7.4 buffer. The BAPC 41 showed no apparent
spontaneous hydrolysis at different time intervals for the first 150 min, but it was mostly
decomposed if incubated in the buffer for 24-48 h. Therefore, the cleavage (100%) of

BAPC 41 by POR (90 min) was not due to spontaneous hydrolysis in buffer.

Table 3.3.
In Vitro Potency and Hypoxia Cytotoxicity Ratio (HCR) of the CA4 and CA1-BAPCs in
the A549 Human Cancer Cell Line

Compound ICso [0xic]® ICso [anoxic]* HCR
(UM)£SD (UM)£SD

RB6145 >89.1 9.5+8.2 >9.4

Tirapazamine 66.5+41.3 7.7+2.2 8.6

29 1.2+£1.9 0.8+0.5 15

CAl

CA4 0.005+0.0004 0.006x0.0008 0.8

22 0.4+0.05 0.5+0.1 0.8

KGP440

23 4.6+0.3 3.3x0.9 14

KGP441

25 3.7£4.7 0.6+£0.1 6.2

KGP442

26 2.9+0.7 1.2+0.6 2.4

KGP443
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27 1.6+1.5 0.5+0.1 3.2

KGP444

35 ND ND ND
KGP445

36 0.6+0.06 0.7+0.4 0.9
KGP446

37 0.2+0.2 0.3+0.3 0.7
KGP455

38 0.2+0.2 0.3+0.3 0.7
KGP457

39 0.3+0.03 0.7+0.08 0.4
KGP454

40 ND ND ND
KGP456

41 6.0+11.1 0.2+0.1 30
KGP461

43 0.1+0.1 0.03+0.02 3.3
KGP 370

44 0.2+0.1 0.03+0.01 6.7
KGP 371

45 2.1+3.0 0.05+0.04 42
KGP 372

# Average of n > 3 independent determinations

The initial cytotoxicity data for the CA1 and CA4 BAPCs showed promise for
differential activity between oxic and hypoxic environments, with several BAPCs
demonstrating a positive hypoxia cytotoxicity ratio (HCR). Utilizing an HCR of 6.0 as a
benchmark to rank effective versus less effective BAPCs, a number of prodrugs stood
out, notably compounds 25, 41, 44, and 45. The most active prodrugs in the series were
the gem-dimethyl BAPCs of CA1 (41) and CA4 (45) with HCRs of 30 and 42

respectively, which was consistent with previous studies by Davis and co-workers that
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demonstrated the gem-dimethyl CA4-BAPC had greater resistance to cleavage in oxic
environments, releasing the parent anticancer agent (CA4) selectively under hypoxic

conditions.%®

Materials and Methods

General Materials and Methods

Acetic acid (AcOH), acetic anhydride, acetonitrile, dichloromethane,
dimethylformamide (DMF), ethanol, methanol, nitric acid, sulfuric acid, and
tetrahydrofuran (THF) were used in their anhydrous forms or as obtained from the
chemical suppliers. Reactions were performed under nitrogen gas. Thin-layer
chromatography (TLC) plates (precoated glass plates with silica gel 60 F254, 0.25 mm
thickness) were used to monitor reactions. Purification of intermediates and products was
carried out with a Biotage Isolera or Teledyne Combiflash flash purification system using
silica gel (200—400 mesh, 60 A) or RP-18 pre-packed columns or manually in glass

columns.

Intermediates and products synthesized were characterized on the basis of their *H
NMR (600 or 500 MHz), *C NMR (150, 125 or 90 MHz) and **P NMR (240 MHz)
spectroscopic data using a Varian VNMRS 500 MHz or a Bruker DRX 600 MHz or a
Bruker DPX 360 MHz instrument. Spectra were recorded in CDCls, (CD3),CO. All
chemical shifts are expressed in ppm (8), and peak patterns are reported as broad (br),
singlet (s), doublet (d), triplet (t), quartet (g), pentet (p), sextet (sext), septet (sept), double

doublet (dd), double double doublet (ddd), and multiplet (m).
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Purity of the final compounds was further analyzed at 25 °C using an Agilent
1200 HPLC system with a diode-array detector (A = 190—400 nm), a Zorbax XDB-C18
HPLC column (4.6 mm A~ 150 mm, 5 um), and a Zorbax reliance cartridge guard-
column; solvent A acetonitrile, solvent B H,O; Method A: H,0; gradient, 10% A/90% B
to 100% A/0% B over 0 to 40 min; post-time 10 min, Method B: H,0O; gradient, 50%
A/50% B to 90% A/10% B over 0 to 30 min; post-time 10 min; flow rate 1.0 mL/min;
injection volume 20 pL; monitored at wavelengths of 210, 230, 254, 280, and 320 nm.
Mass spectrometry was carried out under either positive or negative ESI (electrospray
ionization) or positive or negative atmospheric pressure photoionization using a Thermo

Scientific LTQ OrbitrapDiscovery instrument.

Experimental Section

2,3-Dihydroxy-4-methoxybenzaldehyde (2)!%812°

2,3,4-Trimethoxybenzaldehyde (4.00 g, 20.4 mmol) was added to dry CH,Cl, (80 mL) in
an ice bath (0 °C). Boron trichloride (45 mL, 45 mmol, 1.0 M) was added dropwise to the
reaction and it was stirred for 18 hours. The reaction was then quenched with NaHCO3
and acidified to pH 2 with conc. HCI, The product was then extracted with ethyl acetate,
dried with sodium sulfate, and evaporated under reduced pressure. The crude mixture was
then filtered through silica gel in a frit funnel with CH,Cl, and evaporated under reduced
pressure. Flash chromatography of the crude product using a prepacked 100 g silica
column [eluents: solvent A, EtOACc; solvent B, hexanes; gradient, 10% A/90% B over

1.19 min (1 CV), 10% A/90% B - 69% A/31% B over 13.12 min (10 CV), 69% A/31%
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B over 2.38 min (2 CV); flow rate 50.0 mL/min; monitored at 1 254 and 280 nm] yielded
2,3-dihydroxy-4-methoxybenzaldehyde (2) (2.64 g, 15.7 mmol, 77%) as a yellow solid.
'H NMR (500 MHz, CDCl3) § 11.12 (1H, s), 9.76 (1H, s), 7.15 (1H, d, J = 8.5 Hz), 6.63
(1H, d, J=8.5Hz), 5.46 (1H, s), 3.99 (3H, s).

3C NMR (125 MHz, CDCls) § 195.2, 153.0, 149.0, 133.0, 126.1, 116.1, 103.6, 56.4.
6-formyl-2-hydroxy-3-methoxyphenyl 4-methylbenzenesulfonate (3)%1%

To a solution of aldehyde 2 (1.15 g, 6.76 mmol), and DIPEA (2.50 mL, 14.3 mmol) in
anhydrous DMF (10 mL) at, p-TSCI (1.29g , 6.73 mmol) was added in portions while
stirring at room temperature. After stirring for 5 h, the reaction mixture was quenched
with H20 (20 mL), and extracted with EtOAc (3 x 25 mL). The combined organic phase
was washed with brine, dried over MgSO4, filtered, and evaporated under reduced
pressure. Flash chromatography of the crude product using a prepacked 50 g silica
column [eluents; solvent A, EtOAc, solvent B, hexanes; gradient, 40% A/60% B over
1.19 min (1 CV), 40% A/60% B —100% A/0% B over 16.3 min (10 CV), 100% A/0% B
over 3.18 min (2 CV); flow rate 40.0 mL/min; monitored at A 254 and 280 nm] afforded
aldehyde 3 (1.33 g, 4.3 mmol, 61% yield) as a white solid.

'H NMR (600 MHz, CDCls) 6 9.85 (1H, s), 7.87 (2H, d, J = 8.3 Hz), 7.50 (1H, d, J = 8.6
Hz), 7.36 (2H, d, J = 8.0 Hz), 6.90 (1H, d, J = 8.6 Hz), 5.91 (1H, s), 3.97 (3H, ), 2.47
(3H, s).

3C NMR (151 MHz, CDCls3) § 187.0, 153.2, 146.2, 139.2, 138.2, 132.0, 130.0, 128.7,

124.1, 120.6, 109.2, 56.7, 21.8.
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3-Hydroxy-2-isopropoxy-4-methoxybenzaldehyde (4)
2,3-Dihydroxy-4-methoxybenzaldehyde (0.400 g, 2.34 mmol), potassium carbonate
[K2COs] (0.330 g, 2.38 mmol), and 2-bromopropane (0.21 mL, 2.3 mmol) were dissolved
in dry DMF (5mL) in a 5 mL Biotage microwave vial. The reaction was run in a Biotage
microwave reactor (2h, 90 °C, normal absorbance). The reaction was then quenched with
water, then extracted with ethyl acetate, washed with water and brine, dried with sodium
sulfate, and evaporated under reduced pressure. Flash column chromatography of the
crude product using a prepacked 50 g silica column [eluents: solvent A, EtOAc; solvent
B, hexanes; gradient, 10% A/90% B over 1.19 min (1 CV), 10% A/90% B - 54%
AJ/46% B over 13.12 min (10 CV), 54% A/46% B over 2.38 min (2 CV); flow rate 40.0
mL/min; monitored at A 254 and 280 nm] yielded 3-hydroxy-2-isopropoxy-4-
methoxybenzaldehyde (4) (0.220 g, 1.05 mmol, 44%) as a tan solid.

'H NMR (CDCl3, 500 MHz) & 10.25 (1H, s), 7.44 (1H, d, J = 8.7 Hz), 6.74 (1H, d, J =
8.7 Hz), 5.65 (1H, s), 4.70 (1H, hept, J = 6.1 Hz), 3.96 (3H, s), 1.36 (7H, d, J = 6.1 Hz)
3C NMR (151 MHz, CDCl3) 6 189.7, 152.8, 147.9, 138.6, 124.3, 120.4, 106.2, 77.0,

56.4,22.4.

2,3-bis((tert-butyldimethylsilyl)oxy)-4-methoxybenzaldehyde (5)*%1?°

To a solution of 2,3-dihydroxy-4-methoxybenzaldehyde (1.00 g, 5.95 mmol), Et;N (2.00
mL, 14.3 mmol), and DMAP (0.025 g, 0.200 mmol) in CH,Cl, (30 mL), TBSCI (2.10 g,
13.9 mmol) was dissolved in DMF and added drop-wise. The reaction was allowed to stir
for 12 h at room temperature. H,O was used to quench the reaction and the residue was

extracted with CH,Cl; (3 x 20 mL). The combined extracts were washed with brine, dried

87



over Na,SO,, filtered, and concentrated under reduced pressure. The crude product was
purified by flash chromatography using a pre-packed 25 g silica column [solvent A:
EtOAC; solvent B: hexanes; gradient: 5%A / 95%B (1 CV), 5%A / 95%B — 40%A /
60%B (10 CV), 40%A / 60%B (2 CV); flow rate: 75 mL/min; monitored at 254 and 280
nm] affording 2,3-bis((tert-butyldimethylsilyl)oxy)-4-methoxybenzaldehyde (0.650 g,
1.64 mmol, 65%) as a white solid.

'H NMR (600 MHz, CDCl3) & 10.22 (1H, s), 7.48 (1H, d, J = 8.8 Hz), 6.62 (1H, d, J =
8.8 Hz), 3.84 (3H, s), 1.04 (9H, s), 0.99 (9H, s), 0.13 (12H, s).

3C NMR (151 MHz, CDCl3) 6 189.6, 157.9, 151.3, 137.1, 123.6, 121.7, 105.7, 55.5,

26.5, 26.4,19.1, 18.9, -3.5.

2-((tert-butyldimethylsilyl)oxy)-6-formyl-3-methoxyphenyl 4-
methylbenzenesulfonate (6)'22*%

Aldehyde 3 (0.501 g, 1.77 mmol), EtzN (2.00 mL, 14.3 mmol), and DMAP (0.035 g, 0.28
mmol) were dissolved in dry CH,Cl, (45 mL). TBSCI (0.327 g, 2.17 mmol) was added
and the reaction was stirred for 18 hours. The reaction was quenched with water,
extracted with diethyl ether, washed with water and brine, dried with sodium sulfate, and
evaporated under reduced pressure flash column chromatography of the crude product
using a prepacked 50 g silica column [eluents: solvent A, EtOAc; solvent B, hexanes;
gradient, 12% A/88% B over 1.19 min (1 CV), 12% A/88% B - 54% A/46% B over
13.12 min (10 CV), 54% A/46% B over 2.38 min (2 CV); flow rate 35.0 mL/min;
monitored at A 254 and 280 nm] yielded aldehyde 6 (0.610 g, 1.40 mmol, 79%) as a white

solid.
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'H NMR (500 MHz, CDCl3) § 9.60 (1H, d, J = 0.47 Hz), 7.71 (2H, d, J = 8.34 Hz), 7.52
(1H, d, J=8.70 Hz), 7.32 (2H, d, J = 8.05 Hz), 6.87 (1H, d, J = 8.63 Hz), 3.87 (3H, s),
2.45 (3H, s), 0.97 (9H, s), 0.10 (6H, 3).

13C NMR (126 MHz, CDCls3) 5 186.7, 157.3, 145.9, 143.0, 138.9, 132.1, 129.9, 128.5,
124.0,121.3, 109.8, 55.6, 25.7, 21.7, 18.6, -4.4.
3-((tert-butyldimethylsilyl)oxy)-2-isopropoxy-4-methoxybenzaldehyde (7)*%'%
Aldehyde 4 (1.39 g, 6.61 mmol), EtzN (1.40 mL, 9.91 mmol), and DMAP (0.050 g, 0.40
mmol) were dissolved in dry CH,Cl, (50 mL). TBSCI (1.50 g, 9.95 mmol) was added and
the reaction was stirred for 18 hours. The reaction was quenched with water, extracted
with diethyl ether, washed with water and brine, dried with sodium sulfate, and
evaporated under reduced pressure. Flash column chromatography of the crude product
using a prepacked 50 g silica column [eluents: solvent A, EtOAc; solvent B, hexanes;
gradient, 12% A/88% B over 1.19 min (1 CV), 12% A/88% B - 54% A/46% B over
13.12 min (10 CV), 54% A/46% B over 2.38 min (2 CV); flow rate 35.0 mL/min;
monitored at A 254 and 280 nm] yielded aldehyde 7 (1.53 g, 4.71 mmol, 71%) as a white
solid.

'H NMR (600 MHz, CDCl3) 5 10.11 (1H, s), 7.35 (1H, d, J = 8.7 Hz), 6.56 (1H, d, J =
8.7 Hz), 4.60 — 4.45 (1H, m), 3.71 (3H, s), 1.11 (3H, s), 1.10 (3H, s), 0.86 (9H, d, J = 2.0
Hz), 0.00 (6H, s).

3C NMR (151 MHz, CDCl3) 6 190.0, 157.4, 152.7, 138.4, 125.2, 121.4, 106.9, 75.5,

555, 25.9,22.3,18.7, -4.3.
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3,4,5-Trimethoxybenzylbromide (9)
The mixture of 3,4,5-trimethoxybenzylalcolol (20.1g, 101.4 mmol) and PBr3 (4.8 mL,
50.7 mmol) in anhydrous CH,Cl, was stirred for 1 h at 0 °C under nitrogen. Water (10
mL) was added, and the organic layer was separated and extracted with CH,Cl, (2 x 100
mL). The combined organic layer was washed with brine, dried over Na,SO,, filtered,
and evaporated under reduced pressure. After the recrystallization of the crude solid with
10% (EtOAc/hexane), the off-white solid of bromide 9 (23.6 g, 90.3 mmol, 89% yield)
was obtained, which needed no further purification.

'H NMR (500 MHz, CDCls) § 6.62 (2H, s, H-2, H-6), 4.47 (2H, s, benzylic CH,), 3.87
(6H, s, C-3, C-5 OCHj3), 3.85 (3H, s, C-4 OCHy).

3C NMR (125 MHz, CDCls) 6 153.3 (C, C-3, C-5), 138.2 (C, C-4), 133.2 (C, C-1),
106.1 (CH, C-2, C-6), 60.9 (CH3, OCHs-4), 56.1 (CH3, OCHj3-3, -5), 34.3 (CH_, -CH_Br).
3,4,5-Trimethoxybenzyltriphenylphosphonium Bromide (10)*%!%

A mixture of bromide 9 (11.00 g, 42.1 mmol), and PPh3 (12.1 g, 46.3 mmol) in acetone
(100 mL, anhydrous) was stirred in a flask under N,. After 5 h, the resulting suspension
was filtered through a Buchner funnel, and the solid was washed with acetone (100 mL)
and hexanes (50 mL) to afford an off-white solid. The solid was dried in vacuo to obtain
the phosphonium salt 10 (20.3 g, 38.2 mmol, 92% yield) as a white solid.

'H NMR (600 MHz, CDCl3) & 7.74 — 7.64 (9H, m, ArH), 7.58 — 7.50 (6H, m, ArH), 6.43
(2H, d, J = 2.6 Hz), 5.29 (2H, d, J = 14.1 Hz, benzylic CH, ), 3.70 (3H, d, J = 3.4 Hz),

3.43 (6H, d, J = 3.7 Hz)
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13C NMR (125 MHz, CDCls): 6 153.0 (C, C-3, C-5), 137.6 (C, C-4), 134.8 [CH, Ph(C-
4)], 134.6 [CH, Ph(C-3, C-5)], 130.0 [CH, Ph(C-2, C-6)], 122.4 (C, C-1), 117.8 [C, Ph(C-
1)], 108.8 (CH, C-2, C-6), 60.8 (CH3, OCHg3-4), 56.2 (CH3, OCHj3-3, -5), 30.8 (CHj, -

CH.P). *'P NMR (243 MHz, CDCls) § 23.2.

(Z2)-2-((tert-butyldimethylsilyl)oxy)-3-methoxy-6-(3,4,5-trimethoxystyryl)phenyl 4-
methylbenzenesulfonate (11)"%1%°

Triphenyl(3,4,5-trimethoxybenzyl)phosphonium bromide (3.25 g, 6.20 mmol) was
dissolved in dry THF (90 mL) in an ice/salt bath (-10 °C). n-Butyllithium (2.4 mL, 6.0
mmol, 2.5 M) was added dropwise and the reaction was stirred for 30 minutes. The
aldehyde 6 (2.01 g, 4.60 mmol) was dissolved in dry THF (30 mL), added dropwise to
the reaction mixture, and stirred for 5 hours. The reaction was quenched with water, and
the THF was evaporated under reduced pressure. The mixture was extracted with ethyl
acetate, washed with water and brine, dried with sodium sulfate, and evaporated under
reduced pressure. Flash chromatography of the crude product using a prepacked 100 g
silica column [eluents: solvent A, EtOAC; solvent B, hexanes; gradient, 10% A/90% B
over 1.19 min (1 CV), 10% A/90% B - 80% A/20% B over 13.12 min (10 CV), 80%
A/20% B over 2.38 min (2 CV); flow rate 35.0 mL/min; monitored at 1 254 and 280 nm]
yielded Z-isomer 11 (1.11 g, 1.84 mmol, 40%) as a white solid.

'H NMR (500 MHz, CDCl3) & 7.82 (2H, d, J = 8.5 Hz), 7.25 (2H, d, J = 8 Hz), 6.77
(1H, d, J = 8.5 Hz), 6.61 (1H, d, 8.5 Hz), 6.44 (2H, s), 6.19 (1H, d, J = 12 Hz), 6.16 (1H,

d, J =12 Hz), 3.82 (3H, s), 3.76 (3H, s), 3.67 (6H, s), 0.95 (9H, 5), 0.04 (6H, ).
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3C NMR (125 MHz, CDCl3) § 152.6, 151.3, 144.8, 140.2, 139.1, 134.5, 132.2, 130.4,
1295, 128.4, 125.3, 124.7, 122.1, 109.5, 106.1, 60.8, 55.8, 55.4, 25.8, 25.7, 25.6, 21.6,

18.7, -4.5.

(Z2)-tert-butyl(2-isopropoxy-6-methoxy-3-(3,4,5-trimethoxystyryl)phenoxy)-
dimethylsilane (12)'?%1%°

Triphenyl(3,4,5-trimethoxybenzyl)phosphonium bromide (1.94 g, 3.70 mmol) was
dissolved in dry THF (50 mL) and cooled to -15 °C. n-Butyllithium (2.5 M in hexane,
1.78 mL, 4.44 mmol, 2.5 M) was added dropwise and the reaction was stirred for 25
minutes. The reaction mixture was cooled to -78 °C, and a solution of aldehyde 7 in THF
(30 mL) was added drop wise and the reaction was stirred for 5 hours. The reaction was
quenched with water, and the THF was evaporated under reduced pressure. The mixture
was extracted with ethyl acetate, washed with water and brine, dried with sodium sulfate,
and evaporated under reduced pressure. The crude product was purified using flash
column chromatography to yield Z-isomer (after separating it from E-isomer) (0.982 g,
2.01 mmol, 65%) as a reddish/white solid.

'H NMR (600 MHz, CDCls) § 6.83 (1H, d, J=8.6 Hz), 6.62 (1H, d, J=12.1 Hz), 6.52
(2H, ), 6.45 (1H, d, J=8.6 Hz), 6.41 (1H, d, J=12.1 Hz), 4.61 (1H, hept, J=6.1 Hz), 3.82
(3H, s), 3.76 (3H, s), 3.65 (6H, s), 1.27 (6H, d, J=6.1 Hz), 1.02 (10H, s), 0.14 (6H, s).
3C NMR (151 MHz, CDCl3) 6 152.7, 151.4, 148.0, 138.6, 136.8, 132.9, 128.5, 126.9,

125.1, 122.4, 106.0, 105.9, 74.2, 60.9, 55.8, 55.2, 25.9, 22.3, 18.7, -4.4.

92



(2)-((3-methoxy-6-(3,4,5-trimethoxystyryl)-1,2-phenylene)bis(oxy))bis(tert-
butyldimethylsilane) (13)*%1%°

n-Butyllithium (11.4 mL, 2.5M) was added to a solution of phosphonium salt (11.2 g,
21.4 mmol) in THF (350 mL). The resulting solution was allowed to stir for 15 min at -78
°C. Aldehyde 5 (5.66 g, 14.3 mmol) was dissolved in THF and added drop-wise using a
dropping funnel. The reaction was allowed to stir for 5 h. H,O was used to quench the
reaction and the residue was extracted with Et,O. The combined extracts were washed
with brine, dried over Na,SOy, filtered, and concentrated under reduced pressure. The
crude product was purified by flash column chromatography using a pre-packed 340 g
silica column [solvent A: EtOAc; solvent B: hexanes; gradient: 5%A / 95%B (1 CV),
5%A / 95%B — 30%A / 70%B (10 CV), 30%A / 70%B (2 CV); flow rate: 85 mL/min;
monitored at 254 and 280 nm] affording compound 13 (2.89 g, 5.15 mmol, 51%) as a
white solid.

'H NMR (500 MHz, CDCls, ) § 6.91 (1H, d, J=8.6 Hz), 6.62 (2H, s), 6.58 (1H, d, J=12.2
Hz), 6.37 (1H, d, J=9.2 Hz), 6.37 (1H, d, J=12 Hz), 3.83 (3H, s), 3.74 (3H, s), 3.67 (6H,
s), 1.04 (9H, s), 1.00 (9H, s), 0.19 (6H, s), 0.10 (6H, s).

3C NMR (151 MHz, CDCls3) § 153.0, 152.0, 146.5, 137.1, 133.1, 128.0, 127.7, 123.5,

122.5,106.2, 104.5, 61.2, 56.1, 55.3, 26.7, 26.4, 19.1, -2.9, -3.6.

Synthesis of Compounds 16, 17 and 19 using Old Route**

(5-nitrothiophen-2-yl)methanol (16)***
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5-Nitrothiophene-2-carboxaldehyde (1.00 g, 6.38 mmol) was dissolved in dry methanol
(20 mL) in an ice bath (0 °C). Sodium borohydride (0.270 g, 7.14 mmol) was added and
the reaction was stirred for two hours. Ice was added and the solution was acidified to pH
7 with 3 M HCI. The reaction was extracted with ethyl acetate, dried with sodium sulfate,
and evaporated under reduced pressure. Flash chromatography of the crude product using
a prepacked 50 g silica column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient,
10% A/90% B over 1.19 min (1 CV), 10% A/90% B - 65% A/35% B over 13.12 min
(10 CV), 65% A/35% B over 2.38 min (2 CV); flow rate 50.0 mL/min; monitored at 1
254 and 280 nm] yielded alcohol 16 (0.914 g, 5.74 mmol, 90%) as a brown oil.

'H NMR (500 MHz, CDCl3) § 7.84 (1H, d, J = 4 Hz), 6.96 (1H, d, J = 4 Hz), 4.91 (2H,
d, J =5.5), 2.20 (1H,5s).

3C NMR (126 MHz, CDCls) § 153.4, 150.9, 128.9, 123.6, 60.4.

1-(5-nitrothiophen-2-yl)ethan-1-ol (17)***

2-Acetyl-5-nitrothiophene (1.00 g, 5.85 mmol) was dissolved in dry methanol [MeOH]
(20 mL) in an ice bath (0 °C). Sodium borohydride [NaBH,4] (0.259 g, 6.71 mmol) was
added and the reaction was stirred for two hours. Ice was added to the reaction and it was
acidified to neutral pH with 3 M HCI. The solution was then extracted with ethyl acetate,
dried with sodium sulfate, and evaporated under reduced pressure. Flash chromatography
of the crude product using a prepacked 50 g silica column [eluents: solvent A, EtOAC;
solvent B, hexanes; gradient, 10% A/90% B over 1.19 min (1 CV), 10% A/90% B ->

64% A/36% B over 13.12 min (10 CV), 64% A/36% B over 2.38 min (2 CV); flow rate
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50.0 mL/min; monitored at A 254 and 280 nm] yielded mono methyl trigger 17 (0.932 g,
5.38 mmol, 92%) as a brown oil.

'H NMR (500 MHz, CDCl3) 6 7.81 (1H, d, J =4 Hz), 6.90 (1H, d, J =4 Hz), 5.15 (1H,
dg, J =6 Hz, J =5 Hz), 2.23 (1H, d, J = 5 Hz), 1.63 (3H, d, J = 6 Hz).

13C NMR (125 MHz, CDCl3) § 160.0, 149.9, 129.1, 122.2, 66.3, 25.1.

2-(Thiophen-2-yl)propan-2-ol (18)%®

2-Acetylthiophene (10.0 g, 79.2 mmol) was dissolved in dry THF (100 mL) in an ice bath
(0 °C). Methyllithium (64 mL, 103 mmol, 1.6 M) was added dropwise and the reaction
was stirred for 18 hours. The reaction was quenched with water and evaporated under
reduced pressure. The reaction was then extracted with ethyl acetate, dried with sodium
sulfate, and evaporated under reduced pressure. Flash chromatography of the crude
product using a prepacked 100 g silica column [eluents: solvent A, EtOAc; solvent B,
hexanes; gradient, 12% A/88% B over 1.19 min (1 CV), 12% A/88% B - 100% A/0% B
over 13.12 min (10 CV), 100% A/0% B over 2.38 min (2 CV); flow rate 50.0 mL/min;
monitored at A 254 and 280 nm] yielded 2-(thiophen-2-yl)propan-2-ol (18) (3.60 g, 25.3
mmol 32%) as a yellow oil.

'H NMR (500 MHz, CDCl3) & 7.20 (1H, dd, J = 5 Hz, J = 1.5 Hz), 6.97 (2H, m), 2.04
(1H, s), 1.68 (6H, s).
2-(5-nitrothiophen-2-yl)propan-2-ol (19)**

The tertiary alcohol 18 (6.22 g, 4.37 mmol) was dissolved in Ac,O (67 mL) and cooled to

-78 °C. Fuming nitric acid (25 mL) was added drop wise and the reaction mixture was
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stirred for 2 h allowing the reaction mixture to warm to -15 °C. Ice (200 g) was added to
the solution and stirred for 40 min. The reaction mixture was extracted with EtOAc (3x75
mL) and washed repeadadly with brine, water and saturated sodium bicarbonate, dried
over Na,SQ,, filtered and concentrated under reduced pressure. The crude product was
purified using flash column chromatography affording the alcohol product 19 (0.655 g,
0.35 mmol, 8%) as an orange wax.

'H NMR (CDCls, 600 MHz) § 7.79 (1H, d, J=4.2 Hz), 6.87 (1H, d, J=4.2 Hz), 2.13 (1H,
s), 1.67 (3H, s).

3C NMR (151 MHz, CDCls) § 163.6, 133.9, 128.9, 121.4, 72.0, 32.2.

Synthesis of Compounds 15, 17 and 19 using New Route
1-(5-nitrothiophen-2-yl)ethan-1-ol (17)***

Titanium tetrachloride (7.84 g, 41.3 mmol) was added slowly dropwise into Et,O (80
mL) at -78 °C, after which methyllithium (1.6 M, 25.8 mL, 41.3 mmol) was added
dropwise and the reaction was stirred for 1.5 hours. 5-nitro-2-thiophenecarboxaldehyde
(5.00g, 31.8 mmol) was dissolved in Et,O (120 mL) and added dropwise to the reaction.
The reaction was stirred (12 hr) and H,O (50 mL) was used to quench the reaction. The
layers were partitioned, and the residue was extracted with EtOAc (6 x 40 mL). The
combined extracts were washed with brine, dried over Na,SQy, filtered, and concentrated
under reduced pressure. The crude product was purified by flash column chromatography
using a pre-packed 100 g silica column [solvent A: EtOAc; solvent B: hexanes; gradient:

10%A / 90%B (1 CV), 10%A / 90%B — 73%A / 27%B (13 CV), 73%A / 27%B (2 CV);
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flow rate: 100 mL/min; monitored at 254 and 280 nm] affording compound 17 (4.95 g,
28.6 mmol, 90%) as a dark brown oil.

'H NMR (500 MHz, CDCl3) 6 7.81 (1H, d, J =4 Hz), 6.90 (1H, d, J = 4 Hz), 5.15 (1H,
dg, J =6 Hz, J =5 Hz), 2.23 (1H, d, J = 5 Hz), 1.63 (3H, d, J = 6 Hz).

13C NMR (125 MHz, CDCl3) § 160.0, 149.9, 129.1, 122.2, 66.3, 25.1.

1-(5-nitrothiophen-2-yl)ethan-1-one (15)

2-(1-hydroxyethyl)-5-nitrothiophene (1.04 g, 6.00 mmol) was dissolved in 70 mL CH,ClI,
at rt. Dess-Martin periodinane (3.82 g, 9.00mmol) was added in portions to the solution
and the reaction was stirred (1 hr). Saturated sodium thiosulfate solution (50 mL) and
saturated sodium bicarbonate solution (50 mL) were used to quench the reaction. The
layers were partitioned, and the residue was extracted with EtOAc (4 x 30 mL). The
combined extracts were washed with brine, dried over Na,SQy, filtered, and concentrated
under reduced pressure. The crude product was purified by flash chromatography using a
pre-packed 100 g silica column [solvent A: EtOACc; solvent B: hexanes; gradient: 10%A /
90%B (1 CV), 10%A / 90%B — 80%A / 20%B (13 CV), 80%A / 20%B (2 CV); flow
rate: 100 mL/min; monitored at 254 and 280 nm] affording compound 15 (0.873 g, 5.10
mmol, 90%) as a yellow-orange crystals.

'H NMR (600 MHz, CDCl5) & 7.89 (1H, d, J=4.3 Hz), 7.58 (1H, d, J=4.3 Hz), 2.60 (3H,
s)

3C NMR (151 MHz, CDCl3) & 190.5, 156.5, 148.2, 130.2, 128.4, 26.6.
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2-(5-nitrothiophen-2-yl)propan-2-ol (19)'%

Titanium tetrachloride (3.62 g, 19.1 mmol) was added slowly dropwise into Et,O (80
mL) at -78 °C, after which methyllithium (1.6 M, 11.9 mL, 19.1 mmol) was added
dropwise and the reaction was stirred for 1.5 hours. 2-acetyl-5-nitrothiophene (2.50 g,
14.7 mmol) was dissolved in Et,O (140 mL) and added dropwise to the reaction. The
reaction was stirred (12 hr) and H,O (50 mL) was used to quench the reaction. The layers
were partitioned, and the residue was extracted with EtOAc (6 x 40 mL). The combined
extracts were washed with brine, dried over Na,SQy, filtered, and concentrated under
reduced pressure. The crude product was purified by flash column chromatography using
a pre-packed 100 g silica column [solvent A: EtOAc; solvent B: hexanes; gradient: 10%A
/90%B (1 CV), 10%A / 90%B — 70%A / 30%B (13 CV), 70%A / 30%B (2 CV); flow
rate: 100 mL/min; monitored at 254 and 280 nm] affording compound 19 (1.61 g, 8.60
mmol, 45%) as a dark orange oil.

'H NMR (CDCls, 600 MHz) 5 7.79 (1H, d, J=4.2 Hz), 6.87 (1H, d, J=4.2 Hz), 2.13 (1H,
s), 1.67 (3H, s).

3C NMR (151 MHz, CDCls) 6 163.6, 133.9, 128.9, 121.4, 72.0, 32.2.

(Z2)-2-hydroxy-3-methoxy-6-(3,4,5-trimethoxystyryl)phenyl 4-methylbenzene-
sulfonate (20)'2%1%

To a solution of Z-stilbene 11 (0.754 g, 1.26 mmol) in dry THF (40 mL) at -15 °C,
TBAF- 3H,0 (3.8 mL, 3.8 mmol) was dissolved in THF (10 mL) and added drop-wise.
The reaction was allowed to stir for 12 h. H,O (40 mL) was used to quench the reaction,

THF was evaporated off completely, and the residue was extracted with EtOAc (3 x 20
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mL). The combined extracts were washed with brine, dried over Na,SOy, filtered, and
concentrated under reduced pressure. The crude product was purified by flash
chromatography using a pre-packed 50 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 12%A / 88%B (1 CV), 12%A / 88%B — 82%A / 18%B (10 CV),
82%A / 18%B (2 CV); flow rate: 35 mL/min; monitored at 254 and 280 nm] afforded
compound 20 (0.429 g, 0.882 mmol, 70%) as a dark green solid.

'H NMR (500 MHz, CDCl3) & 7.91 (1H, d, J=8.1 Hz), 7.29 (1H, d, J=8.0 Hz), 6.71 (1H,
d, J=8.6 Hz), 6.62 (1H, d, J=8.6 Hz), 6.42 (1H, s), 6.36 (1H, d, J=12.0 Hz), 6.32 (1H, d,
J=12.0 Hz), 5.89 (1H, s), 3.86 (3H, s), 3.82 (3H, s), 3.66 (6H, 5), 2.42 (2H, 3).

3C NMR (126 MHz, CDCl3) 6 151.9, 146.6, 144.5, 138.5, 136.4, 134.5, 132.7, 131.2,
130.5, 128.7, 127.7, 124.9, 123.4, 119.9, 108.3, 105.4, 75.9, 60.0, 55.6, 55.0, 20.9.
(2)-2-isopropoxy-6-methoxy-3-(3,4,5-trimethoxystyryl)phenol (21)'?%*%

To a solution of compound 12 (0.150 g, 0.251 mmol) in THF (5 mL) at room
temperature, TBAF- 3H,0 (0.0952 g, 0.302 mmol) was dissolved in THF and added
drop-wise. The reaction was allowed to stir for 0.5 h. H,0 (5 mL) was used to quench the
reaction, THF was evaporated off completely, and the residue was extracted with EtOAc
(3 x 10 mL). The combined extracts were washed with brine, dried over Na,SQO,, filtered,
and concentrated under reduced pressure. The crude product was purified by flash
chromatography using a pre-packed 10 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 93%B — 60%A / 40%B (13 CV), 60%A
/ 40%B (2 CV); flow rate: 8 mL/min; monitored at 254 and 280 nm] affording compound

21 (0.135 g, 0.361 mmol, 90%) as a white solid.
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'H NMR (500 MHz, CDCls) § 6.75 (1H, d, J=8.6 Hz), 6.59 (1H, d, J=12.1 Hz), 6.51
(1H, d, J=8.7 Hz), 6.51 (2H, s), 6.46 (1H, d, J=12.1 Hz), 5.60 (1H, s), 4.56 (1H, hept,
J=6.1 Hz), 3.86 (3H, s), 3.82 (3H, s), 3.66 (6H, s), 1.32 (6H, d, J=6.2 Hz).

3C NMR (126 MHz, CDCl3) 6 152.7, 146.9, 143.2, 138.9, 137.1, 132.5, 129.4, 125.8,
124.1, 120.5, 106.3, 106.0, 75.7, 60.9, 56.2, 55.8, 22.5.

HRMS: m/z: obsd 397.1713 [M+Na]", calcd for CyH,06", 397.1713.

HPLC (Method A): 14.7 min.

(Z2)-3-methoxy-2-((5-nitrothiophen-2-yl)methoxy)-6-(3,4,5-trimethoxystyryl)phenyl
4-methylbenzenesulfonate (22)

To a solution of compound 20 (0.700 g, 1.44 mmol), nor-methyl trigger 16 (0.191 g, 1.20
mmol), and DIAD (0.32 mL) in CH,Cl, (10 mL), PPh3(0.610 g, 2.33 mmol) was
dissolved in CH,Cl, and added drop-wise. The reaction was allowed to stir for 12 h at
room temperature. H,O was used to quench the reaction and the residue was extracted
with CH,Cl; (3 x 30 mL). The combined extracts were washed with brine, dried over
Na,SOy, filtered, and concentrated under reduced pressure. The crude product was
purified by flash chromatography using a pre-packed 25 g silica column [solvent A:
EtOAc; solvent B: hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 80%A /
20%B (10 CV), 80%A / 20%B (2 CV); flow rate: 25 mL/min; monitored at 254 and 280
nm] affording tosyl-protected CA1 nor-methyl BAPC 22 (0.125 g, 0.236 mmol, 47%) as
a tan-white solid.

'H NMR (600 MHz, CDCl3) 5 7.84 (2H, d, J=8.2 Hz), 7.77 (1H, d, J=4.1 Hz), 7.24 (2H,

d, J=8.1 Hz), 6.94 (1H, d, J=8.7 Hz), 6.90 (1H, d, J=4.1 Hz), 6.69 (1H, d, J=8.8 Hz), 6.46
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(2H, 5), 6.40 (1H, d, J=11.9 Hz), 6.33 (1H, d, J=11.9 Hz), 5.06 (2H, s), 3.85 (3H, s), 3.83
(3H, 5), 3.68 (6H, s), 2.40 (3H, 3).

3C NMR (151 MHz, CDCl3) 6 152.8, 152.5, 151.8, 147.9, 145.2, 141.8, 140.3, 137.2,
134.3, 132.0, 131.7, 129.6, 128.3, 128.1, 126.1, 125.9, 125.8, 124.0, 110.4, 106.1, 69.0,
60.9, 56.2, 55.9, 21.7.

HRMS: m/z: obsd 650.1120 [M+Na]", calcd for C3gH2gNO10S,", 627.1233.

HPLC (Method A): 18.5 min.

(2)-3-Methoxy-2-(2-(5-nitrothiophen-2-yl)propoxy)-6-(3,4,5-trimethoxystyryl)-
phenyl-4-methylbenzenesulfonate (23)

To a solution of compound 20 (0.200 g, 0.411 mmol), DIAD (0.100 g, 0.495 mmol), and
1-(5-nitrothiophen-2-yl) ethanol (0.059 g, 0.34 mmol) in CH,CI;, (25 mL),
triphenylphosphine (0.216 g, 0.822 mmol) was added and the reaction was stirred for 24
h. The reaction was quenched with water, extracted with ethyl acetate, dried with sodium
sulfate, and evaporated under reduced pressure. Flash chromatography of the crude
product using a prepacked 25 g silica column [eluents: solvent A, EtOAc; solvent B,
hexanes; gradient, 12% A/88% B over 1.19 min (1 CV), 12% A/88% B - 100% A/0% B
over 13.12 min (10 CV), 100% A/0% B over 2.38 min (2 CV); flow rate 25.0 mL/min;
monitored at A 254 and 280 nm] yielded (Z)-3-methoxy-2-(2-(5-nitrothiophen-2-
yl)propoxy)-6-(3,4,5-trimethoxystyryl)phenyl-4-methylbenzenesulfonate (23) (0.160 g,
0.249 mmol, 61%) as a yellow solid.

'H NMR (500 MHz, CDCl3) § 7.90 (1H, d, J = 4.3 Hz), 7.86 (2H, d, J = 8.3 Hz), 7.44

(2H, d, J = 8.3 Hz), 7.01 (1H, d, J = 8.8 Hz), 6.99 (2H, m), 6.57 (2H, ), 6.51 (1H, d, J =
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12.0 Hz), 6.44 (1H, d, J = 11.9 Hz), 5.47 (1H, g, J = 6.5 Hz), 3.90 (3H, s), 3.73 (3H, 9),
3.66 (6H, s), 2.44 (3H, s), 1.43 (3H, d, J = 6.5 Hz).

3C NMR (125 MHz, CDCl3) 6 159.6, 158.2, 158.1, 150.5, 147.2, 144.2, 139.9, 137.2,
136.8, 134.9, 133.5, 131.1, 130.9, 129.5, 129.1, 116.0, 111.7, 80.7, 73.4, 64.8, 60.9, 60.5,
26.5, 26.0, 25.8.

HRMS: m/z: obsd 642.1465 [M+H]", calcd for C3;H33NO10S;", 641.1389.

HPLC (Method A): 18.2 min.

(2)-2-((2-isopropoxy-6-methoxy-3-(3,4,5-trimethoxystyryl)phenoxy)methyl)-5-
nitrothiophene (24)

To a solution of isopropyl protected CA1 21 (0.350 g, 0.843 mmol), nor-methyl trigger
16 (0.162 g, 1.02 mmol), and DEAD (0.220 mL) in CH,Cl;, (10 mL), PPh3(0.430 g, 1.64
mmol) was dissolved in CH,Cl, and added drop-wise. The reaction was allowed to stir for
24 h at room temperature. H,O (40 mL) was used to quench the reaction and the residue
was extracted with CH,Cl, (3 x 20 mL). The combined extracts were washed with brine,
dried over Na,SQy, filtered, and concentrated under reduced pressure. The crude product
was purified by flash chromatography using a pre-packed 25 g silica column [solvent A:
EtOAc; solvent B: hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 80%A /
20%B (10 CV), 80%A / 20%B (2 CV); flow rate: 17 mL/min; monitored at 254 and 280
nm] affording CA1-BAPC 24 (0.0600 g, 0.116 mmol, 17%) as a yellow oil.

'H NMR (500 MHz, CDCI3) § 7.82 (1H, d, J=4.1 Hz), 7.02 (1H, d, J=8.8 Hz), 7.00 (1H,

d, J=4.2 Hz), 6.60 (1H, d, J=12.1 Hz), 6.53 (1H, d, J=8.7 Hz), 6.50 (2H, s), 6.47 (1H, d,
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J=12.1 Hz), 5.17 (1H, s), 4.60 (1H, p, J=6.2 Hz), 3.83 (3H, s), 3.82 (3H, s), 3.67 (6H, 3),
1.32 (3H, s), 1.31 (3H, s).

3C NMR (126 MHz, CDCl3) 6 152.8, 152.8, 151.7, 149.9, 149.0, 140.6, 137.1, 132.6,
129.3, 128.2, 125.9, 125.7, 125.3, 125.1, 106.8, 106.0, 76.0, 69.2, 60.9, 55.9, 55.8, 22.6.
HRMS: m/z: obsd 538.1506 [M+23]", calcd for CsH2oNOgS™ 515.1614.

HPLC (Method A): 14.7 min.

(Z2)-2-(1-(2-isopropoxy-6-methoxy-3-(3,4,5-trimethoxystyryl)phenoxy)ethyl)-5-
nitrothiophene (25)

To a solution of isopropyl protected CA1 21 (0.267 g, 0.715 mmol), mono-methy! trigger
17 (0.136 g, 0.785 mmol), and DIAD (0.190 mL) in CH,CI;, (10 mL), PPh3(0.364 g, 1.39
mmol) was dissolved in CH,Cl, and added drop-wise. The reaction was allowed to stir for
12 h at room temperature. H,O was used to quench the reaction and the residue was
extracted with CH,Cl; (3 x 20 mL). The combined extracts were washed with brine, dried
over Na,SQ,, filtered, and concentrated under reduced pressure. The crude product was
purified by flash column chromatography using a pre-packed 25 g silica column [solvent
A: EtOAc; solvent B: hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 80%A
1 20%B (10 CV), 80%A / 20%B (2 CV); flow rate: 75 mL/min; monitored at 254 and 280
nm] yielding CA1-BAPC 25 (0.125 g, 0.236 mmol, 47%) as a yellow oil.

'H NMR (600 MHz, CDCl5) & 7.78 (1H, d, J=4.2 Hz), 6.99 (1H, d, J=8.7 Hz), 6.91 (1H,
d, J=4.1 Hz), 6.59 (1H, d, J=12.1 Hz), 6.49 (1H, d, J=8.6 Hz), 6.47 (2H, s), 6.45 (1H, d,
J=12.2 Hz), 5.49 (1H, q, J=6.4 Hz), 4.61 (1H, hept, J=6.1 Hz), 3.82 (3H, s), 3.75 (3H, 9),

3.65 (6H, s), 1.66 (3H, d, J=6.5 Hz), 1.30 (3H, d, J=6.1 Hz), 1.26 (3H, d, J=6.1 H2).
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C NMR (151 MHz, CDCls) § 155.2, 153.1, 152.8, 151.0, 150.2, 139.2, 137.0, 132.6,
129.2,128.1, 125.9, 125.9, 125.3, 123.5, 106.6, 105.9, 75.7, 75.4, 60.9, 55.9, 55.8, 22.6,
22.5, 22.2. HRMS: m/z: obsd 552.1660 [M+23]", calcd for Co7H3;NOgS", 529.1766.

HPLC (Method B): 20.5 min.

(2)-2-(2-(2-isopropoxy-6-methoxy-3-(3,4,5-trimethoxystyryl)phenoxy)propan-2-yl)-
5-nitrothiophene (26)

To a solution of isopropyl protected CA1 21 (0.150 g, 0.402 mmol), gem-dimethyl trigger
19 (0.091 g, 0.486 mmol), and ADDP (0.137 g, 0.543 mmol) in CH,Cl, (10 mL), PBus;
(0.199 mL) was added drop-wise. The reaction was allowed to stir for 24 h at room
temperature. H,O was used to quench the reaction and the residue was extracted with
CHCl; (3 x 20 mL). The combined extracts were washed with brine, dried over Na,SO,,
filtered, and concentrated under reduced pressure. The crude product was purified by
flash chromatography using a pre-packed 25 g silica column [solvent A: EtOAc; solvent
B: hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 93%B — 60%A / 40%B (10 CV),
60%A / 40%B (2 CV); flow rate: 75 mL/min; monitored at 254 and 280 nm] yielding
CA1-BAPC 26 (0.020 g, 0.037 mmol, 13%) as an orange oil.

'H NMR (600 MHz, CDCls) § 7.80 (1H, d, J=4.2 Hz), 7.01 (1H, d, J=8.7 Hz), 6.93 (1H,
d, J=4.3 Hz), 6.58 (1H, d, J=12.1 Hz), 6.49 (2H, s), 6.47 (1H, d, J=8.6 Hz), 6.45 (1H, d,
J=12.1 Hz), 4.60 (1H, hept, J=6.0 Hz), 3.82 (3H, s), 3.67 (3H, s), 3.66 (6H, s), 1.71 (6H,

s), 1.23 (6H, d, J=6.1 Hz).
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13C NMR (151 MHz, CDCl3) § 161.4, 154.6, 152.8, 151.6, 150.4, 137.1, 137.0, 132.7,
129.0, 128.1, 126.4, 126.2, 125.3, 122.1, 106.4, 105.9, 81.7, 75.1, 60.9, 55.8, 55.5, 28.8,
22.4.

HRMS: m/z: obsd 566.1819 [M+23]", calcd for CgH33sNOgS™, 543.1927.

HPLC (Method B): 22.3 min.

Synthesis of Compounds 27, 28 and 29

Deprotection of TBS group of compound 13 using TBAF (0.9 eq.) yielded an inseparable
mixture of compound 27 and 28. At the same time, about 15% CA1 (compound 29) is
also isolated.
(2)-2-((tert-butyldimethylsilyl)oxy)-3-methoxy-6-(3,4,5-trimethoxystyryl)phenol (27)
and (2)-2-((tert-butyldimethylsilyl)oxy)-6-methoxy-3-(3,4,5-trimethoxystyryl)phenol
(28)128,129

To a solution of di-TBS CA1 13 (2.00 g, 3.57 mmol) in THF (150 mL) at -15 °C, TBAF-
3H,0 (1.01 g, 3.20 mmol) was dissolved in THF (10 mL) and added drop-wise. The
reaction was allowed to stir for 0.5 h. H,O was used to quench the reaction, THF was
evaporated off completely, and the residue was extracted with EtOAc (3 x 30 mL). The
combined extracts were washed with brine, dried over Na,SQy, filtered, and concentrated
under reduced pressure. The crude product was purified by flash chromatography using a
pre-packed 100 g silica column [solvent A: EtOAc; solvent B: hexanes; gradient: 5%A /
95%B (1 CV), 5%A / 95%B — 70%A / 30%B (13 CV), 70%A / 30%B (2 CV); flow
rate: 100 mL/min; monitored at 254 and 280 nm] affording a mixture of compounds 27

and 28 (0.860 g, 2.59 mmol, 43%) as a white solid.
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'H NMR (500 MHz, CDCls) & 6.80 (1H, d, J=8.7 Hz), 6.71 (1H, d, J=8.7 Hz), 6.58 (2H,
d, J=12.0 Hz), 6.52 (4H, s), 6.47 (1H, d, J=12.1 Hz), 6.41 (1H, d, J=12.2 Hz), 6.36 (1H,
d, J=8.5 Hz), 6.30 (1H, d, J=8.6 Hz), 5.66 (1H, s), 5.45 (1H, s), 3.81 (6H, s), 3.78 (3H, ),
3.74 (3H, s), 3.64 (12H, d, J=2.2 Hz), 1.01 (9H, d, J=5.2 Hz), 1.00 (9H, s), 0.22 (6H, s),
0.19 (6H, s).

3C NMR (126 MHz, CDCl3) § 152.7, 152.7, 149.3, 146.9, 145.9, 141.2, 137.0, 137.0,
136.8, 132.9, 132.8, 131.6, 129.6, 129.0, 126.8, 124.5, 123.2, 122.0, 120.1, 117.1, 106.1,
106.0, 103.8, 103.0, 60.9, 60.8, 56.1, 55.8, 55.7, 55.2, 26.0, 26.0, 18.6, 18.6, -3.9, -4.4.
(Z2)-3-methoxy-6-(3,4,5-trimethoxystyryl)benzene-1,2-diol (29)

The combretastatin A-1 (CA1) 29 (0.179 mg, 0.538 mmol, 15%) was isolated as a white
solid.

'H NMR (500 MHz, CDCl3) § 6.76 (1H, d, J=8.6 Hz), 6.59 (1H, d, J=12.1 Hz), 6.54
(1H, d, J=11.9 Hz), 6.52 (2H, s), 6.39 (1H, d, J=8.6 Hz), 5.39 (2H, s), 3.86 (3H, s), 3.83
(3H, s), 3.67 (6H, 3).

3C NMR (126 MHz, CDCl3) § 152.9, 146.5, 141.7, 137.4, 132.7, 132.6, 130.5, 124.2,
120.5, 118.0, 106.1, 103.1, 76.9, 61.0, 56.3, 56.0.

HRMS: m/z: obsd 355.154 [M+Na]", calcd for C1gH006", 332.1260.

HPLC (Method A): 11.3 min.

Synthesis of Compounds 30 and 33
To a solution of mixture of compounds 27 and 28 (1.00 g, 2.24 mmol), nor-methyl
trigger 16 (0.428 g, 2.69 mmol), and DIAD (0.867 mL) in CH,Cl, (50 mL), PPh3 (1.47 g,

5.60 mmol) was added drop-wise. The reaction mixture was stirred (24 h) at room
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temperature. H,O (40 mL) was added to quench the reaction and the residue was
extracted with CH,Cl, (3 x 20 mL). The combined extracts were washed with brine, dried
over Na,SQ,, filtered, and concentrated under reduced pressure. The crude product was
purified by flash column chromatography using a pre-packed 25 g silica column [solvent
A: EtOAc; solvent B: hexanes; gradient: 5%A / 95%B (1 CV), 5%A / 95%B — 40%A /
60%B (10 CV), 40%A / 60%B (2 CV); flow rate: 75 mL/min; monitored at 254 and 280

nmy.

(Z2)-tert-butyl(6-methoxy-2-((5-nitrothiophen-2-yl)methoxy)-3-(3,4,5-
trimethoxystyryl)-phenoxy)dimethylsilane (30)

This isomer 30 (0.350 g, 0.739 mmol, 35%) was isolated as a brownish-yellow oil.

'H NMR (600 MHz, CDCl3) § 7.76 (1H, d, J=4.1 Hz), 6.91 (1H, d, J=4.1 Hz), 6.87 (1H,
dd, J=8.6, 0.8 Hz), 6.57 (1H, d, J=8.6 Hz), 6.50 (1H, d, J=12.0 Hz), 6.45 (1H, d, J=12.2
Hz), 6.44 (1H, s), 5.12 (2H, s), 3.82 (3H, s), 3.79 (3H, s), 3.65 (6H, ), 0.99 (9H, 5), 0.13
(6H, s).

3C NMR (126 MHz, CDCl3) § 152.7, 151.6, 151.4, 148.6, 147.6, 138.4, 137.1, 132.4,
130.4,128.2, 125.1, 124.9, 124.4, 122.3, 107.5, 105.9, 68.5, 60.9, 55.8, 55.4, 25.8, 18.6, -

4.6.

(2)-tert-butyl(3-methoxy-2-((5-nitrothiophen-2-yl)methoxy)-6-(3,4,5-

trimethoxystyryl)phenoxy)dimethylsilane (33)

This isomer 33 (0.250 g, 0.425 mmol, 25%) was isolated as a brownish-yellow oil.
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'H NMR (600 MHz, CDCls) & 7.81 (1H, d, J=4.1 Hz), 7.00 (1H, d, J=8.7 Hz), 6.96 (1H,
d, J=4.1 Hz), 6.56 (1H, d, J=12.2 Hz), 6.52 (2H, s), 6.44 (1H, d, J=11.6 Hz), 6.42 (1H, d,
J=8.5 Hz), 5.30 (2H, s), 3.83 (3H, s), 3.80 (3H, s), 3.67 (6H, s), 1.01 (9H, 5), 0.18 (6H, 3).
13C NMR (151 MHz, CDCl3) § 153.4, 152.8, 152.7, 148.8, 147.8, 138.4, 137.0, 132.6,

129.1, 128.2, 126.3, 125.9, 125.4, 123.3, 105.9, 104.9, 68.8, 60.9, 55.9, 55.8, 26.1, 18.6, -

3.9.

Synthesis of Compounds 31 and 34

Mono TBS CA1 (0.680 g, 1.52 mmol), diisopropylazodicarboxylate (0.415 g, 2.05
mmol), and monomethyl trigger (0.317 g, 1.82 mmol) were dissolved in THF (50 mL).
Triphenylphosphine (0.793 g, 3.04 mmol) was added and the reaction was stirred (3 d).
The reaction was concentrated under reduced pressure and the crude product was purified
by flash column chromatography using a pre-packed 50 g silica column [solvent A:
EtOAc; solvent B: hexanes; gradient: 5%A / 95%B (1 CV), 5%A / 95%B — 40%A /
60%B (13 CV), 40%A / 60%B (2 CV); flow rate: 80 mL/min; monitored at 254 and 280

nm].

(Z2)-tert-butyl(6-methoxy-2-(1-(5-nitrothiophen-2-yl)ethoxy)-3-(3,4,5-
trimethoxystyryl)phenoxy)dimethylsilane (31)

This isomer 31 (0.375 g, 0.623 mmol, 41%) was isolated as a yellow oil.

'H NMR (600 MHz, CDCl5) § 7.60 (1H, d, J = 4.2 Hz), 6.76 — 6.69 (2H, m), 6.41 (1H, d,

J=8.2 Hz), 6.39 (1H, d, J = 11.9 Hz), 6.32 (2H, s), 6.29 (1H, d, J = 12.1 Hz), 5.58 (1H,
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g, J = 6.4 Hz), 3.69 (3H, s), 3.65 (3H, 5), 3.51 (6H, s), 1.48 (3H, d, J = 6.4 Hz), 0.85 (9H,
s), 0.00 (3H, s), -0.02 (3H, s).

13C NMR (151 MHz, CDCls) § 155.0, 152.7, 151.4, 150.9, 146.1, 138.5, 137.2, 132.4,
129.8, 128.1, 125.6, 124.9, 123.4, 122.5, 107.0, 106.0, 74.4, 60.9, 55.8, 55.3, 25.8, 22.3,

18.6, -4.3, -4.4.

(Z2)-tert-butyl(3-methoxy-2-(1-(5-nitrothiophen-2-yl)ethoxy)-6-(3,4,5-
trimethoxystyryl)phenoxy)dimethylsilane (34)

This isomer 34 (0.073 g, 0.122 mmol, 12%) was isolated as a yellow oil.

'H NMR (600 MHz, CDCl3) 5 7.61 (1H, d, J = 4.2 Hz), 6.84 (1H, d, J = 8.7 Hz), 6.71
(1H, d, J = 4.2 Hz), 6.38 (1H, d, J = 12.0 Hz), 6.37 (2H, s), 6.26 (1H, d, J = 12.3 Hz),
6.24 (1H, d, J = 8.6 Hz), 5.26 (1H, g, J = 6.5 Hz), 3.67 (3H, s), 3.61 (3H, s), 3.50 (6H, 9),
1.47 (3H, d, J = 6.5 Hz), 0.84 (9H, s), 0.03 (3H, s), 0.00 (3H, s).

3C NMR (151 MHz, CDCl3) 6 153.3, 151.1, 150.9, 149.1, 146.1, 135.5, 135.2, 130.7,
126.9, 126.2, 124.6, 123.7, 121.5, 121.5, 104.1, 103.0, 73.1, 59.0, 53.9, 24.2, 24.2, 19.8,

16.7,-5.2,-5.7.

(2)-tert-butyl(6-methoxy-2-((2-(5-nitrothiophen-2-yl)propan-2-yl)oxy)-3-(3,4,5-
trimethoxystyryl)phenoxy)dimethylsilane (32)

Mono TBS CA1 (1.07 g, 2.40 mmol), gem-dimethyl trigger (0.540 g, 2.88 mmol), and
ADDP (0.832 g, 3.30 mmol) were dissolved in CH,Cl, (100 mL). Tributylphosphine

(1.26 mL, 5.04 mmol) was added drop-wise and the reaction was stirred (2d). The
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reaction was then concentrated under reduced pressure. Flash chromatography yielded

the crude product which was taken to the next step for deprotection.

(Z2)-4-methoxy-2-(5-nitrothiophen-2-yl)-7-(3,4,5-trimethoxystyryl)-
benzo[d][1,3]dioxole (35)

To a solution of 30 (0.095 g, 0.162 mmol) in THF (10 mL) at 0 °C, TBAF- 3H,0 (0.0672
g, 0.213 mmol) was dissolved in THF (10 mL) and added drop-wise. The reaction was
stirred (30 min) and H,O (5 mL) was added. THF was evaporated off completely, and the
residue was extracted with CH,Cl, (3 x 20 mL). The combined extracts were washed with
brine, dried over Na,SOy,, filtered, and concentrated under reduced pressure. The crude
organic product was purified by flash column chromatography using a pre-packed 10 g
silica column [solvent A: EtOAc; solvent B: hexanes; gradient: 7%A / 93%B (1 CV),
7%A / 93%B — 60%A / 40%B (13 CV), 60%A / 40%B (2 CV); flow rate: 20 mL/min,;
monitored at 254 and 280 nm] affording compound 35 (0.0510 g, 0.108 mmol, 54%) as a
yellow oil.

'H NMR (600 MHz, CDCl3) 6 7.83 (1H, d, J=4.2 Hz), 7.15 (1H, d, J=4.2 Hz), 7.07 (1H,
s), 6.86 (1H, d, J=8.8 Hz), 6.56 (1H, d, J=12.0 Hz), 6.50 (2H, s), 6.48 (1H, d, J=8.8 Hz),
6.44 (1H, d, J=12.0 Hz), 3.90 (3H, s), 3.83 (3H, s), 3.69 (6H, 5).

3C NMR (151 MHz, CDCl3) 6 152.9, 146.0, 145.2, 143.2, 137.3, 133.8, 132.6, 131.2,
128.1,126.0, 123.4,121.7, 113.5, 107.8, 105.7, 105.6, 105.2, 60.9, 56.6, 55.9.

3C NMR DEPT (CDCl3, 151 MHz) 6 131.2, 128.1, 126.0, 123.4, 121.7, 107.8, 105.6,

105.2, 60.9, 56.6, 55.9.
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HRMS: m/z: obsd 494.0881 [M+23]", calcd for Co3sH»:NOgS™, 471.0988. HPLC

(Method A): 17.2 min.

(Z2)-4-methoxy-2-(5-nitrothiophen-2-yl)-7-(3,4,5-trimethoxystyryl)-
benzo[d][1,3]dioxole (35) [Base cyclization method]

Compound 37 (0.0380 g, 0.0803 mmol) was dissolved in THF (5 mL) at room
temperature. Sodium hydroxide (1 mL, 2M) was added drop-wise and the reaction was
then stirred (5 m). THF was rotovapped off completely, and the residue was extracted
with CH,Cl; (3 x 10 mL). The combined extracts were washed with brine, dried over
Na,SOy, filtered, and concentrated under reduced pressure. The crude product was
purified by flash chromatography using a pre-packed 10 g silica column [solvent A:
EtOAC; solvent B: hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 80%A /
20%B (10 CV), 80%A / 20%B (2 CV); flow rate: 36 mL/min; monitored at 254 and 280
nm] affording compound 35 (0.0090 g, 0.019 mmol, 23%)as a yellow oil.

'H NMR (600 MHz, CDCl3) 5 7.83 (1H, d, J=4.2 Hz), 7.15 (1H, d, J=4.2 Hz), 7.07 (1H,
s), 6.86 (1H, d, J=8.8 Hz), 6.56 (1H, d, J=12.0 Hz), 6.50 (2H, s), 6.48 (1H, d, J=8.8 Hz),
6.44 (1H, d, J=12.0 Hz), 3.90 (3H, s), 3.83 (3H, s), 3.69 (6H, 5).

3C NMR (151 MHz, CDCl3) § 152.9, 146.0, 145.2, 143.2, 137.3, 133.8, 132.6, 131.2,

128.1, 126.0, 123.4, 121.7, 113.5, 107.8, 105.7, 105.6, 105.2, 60.9, 56.6, 55.9.

(2)-4-methoxy-2-methyl-2-(5-nitrothiophen-2-yl)-7-(3,4,5-trimethoxystyryl)-

benzo[d][1,3]dioxole (36)
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Compound 31 (0.105 g, 0.174 mmol) was dissolved in CH,Cl, (20 mL) at -10 °C. Tert-
butylammonium fluoride trihydrate (0.0620 g, 0.191 mmol) was dissolved in CH,ClI; (2
mL) and added slowly drop wise to the reaction which was then stirred (18 min). H,O (5
mL) was used to quench the reaction and the layers were partitioned. The residue was
extracted with CH,CI, (3 x 10 mL), washed with brine, dried over Na,SO,, and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography using a pre-packed 10 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 12%A / 88%B (1 CV), 12%A / 88%B — 100%A / 0%B (13 CV),
100%A / 0%B (2 CV); flow rate: 10 mL/min; monitored at 254 and 280 nm] affording
compound 36 (0.044 g, 0.0906 mmol, 52%) as a yellow oil.

'H NMR (500 MHz, acetone) & 7.76 (1H, d, J = 4.3 Hz), 7.03 (1H, d, J = 4.2 Hz), 6.81
(1H, d, J = 8.8 Hz), 6.56 (1H, d, J = 12.0 Hz), 6.48 (2H, s), 6.45 (1H, d, J = 8.8 Hz), 6.42
(1H, d, J = 11.9 Hz), 3.88 (3H, s), 3.82 (3H, 5), 3.67 (6H, S), 2.02 (3H, 5).

3C NMR (126 MHz, acetone) 6 152.8, 151.5, 145.1, 143.1, 137.2, 133.8, 132.7, 131.1,
128.3,124.0, 123.0, 121.9, 113.8, 113.4, 107.4, 105.7, 60.9, 56.5, 55.9, 26.6.

HRMS: m/z: obsd 486.1219 [M+H]", calcd for C4H,3NOgS™, 485.1144.

HPLC (Method A): 14.9 min.

(2)-4-methoxy-2-methyl-2-(5-nitrothiophen-2-yl)-7-(3,4,5-trimethoxystyryl)-
benzo[d][1,3]dioxole (36) [Base cyclization method]

Compound 38 (0.0500 g, 0.103 mmol) was dissolved in THF (5 mL) at room
temperature. Sodium hydroxide (1 mL, 2M) was added drop-wise and the reaction was

then stirred (5 m). THF was rotovapped off completely, and the residue was extracted
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with CH,Cl, (3 x 10 mL). The combined extracts were washed with brine, dried over
Na,SOy, filtered, and concentrated under reduced pressure. The crude product was
purified by flash chromatography using a pre-packed 10 g silica column [solvent A:
EtOAc; solvent B: hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 80%A /
20%B (10 CV), 80%A / 20%B (2 CV); flow rate: 36 mL/min; monitored at 254 and 280
nm] affording compound 36 (0.0470 g, 0.0964 mmol, 93%) as a yellow oil.

'H NMR (500 MHz, acetone) & 7.76 (1H, d, J = 4.3 Hz), 7.03 (1H, d, J = 4.2 Hz), 6.81
(1H, d, J = 8.8 Hz), 6.56 (1H, d, J = 12.0 Hz), 6.48 (2H, s), 6.45 (1H, d, J = 8.8 Hz), 6.42
(1H, d, J = 11.9 Hz), 3.88 (3H, s), 3.82 (3H, 5), 3.67 (6H, 5), 2.02 (3H, 5).

3C NMR (126 MHz, acetone) 6 152.8, 151.5, 145.1, 143.1, 137.2, 133.8, 132.7, 131.1,

128.3,124.0, 123.0, 121.9, 113.8, 113.4, 107.4, 105.7, 60.9, 56.5, 55.9, 26.6.

(Z2)-6-methoxy-2-((5-nitrothiophen-2-yl)methoxy)-3-(3,4,5-trimethoxystyryl)phenol
37)

AcOH (7 mL) and HCI (5 mL, 2M) was added drop-wise to a solution of compound 30
(0.115 g, 0.196 mmol) in THF (30 mL). The reaction as allowed to stir for 8 h at room
temperature. H,O (40 mL) was used to quench the reaction, THF was evaporated off
completely, and the residue was extracted with CH,Cl, (3 x 20 mL). The combined
extracts were washed with brine, dried over Na,SQy, filtered, and concentrated under
reduced pressure. The crude product was purified by flash chromatography using a pre-
packed 10 g silica column [solvent A: EtOAC; solvent B: hexanes; gradient: 10%A /

90%B (1 CV), 10%A / 90%B — 80%A / 20%B (10 CV), 80%A / 20%B (2 CV); flow
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rate: 20 mL/min; monitored at 254 and 280 nm] affording compound 37 (0.020 g, 0.0422
mmol, 17%) as a brown oil.

'H NMR (600 MHz, CDCl3) & 7.82 (1H, d, J=4.1 Hz), 7.00 (1H, d, J=4.1 Hz), 6.98 (1H,
d, J=8.7 Hz), 6.53 (2H, s), 6.50 (2H, s), 6.39 (1H, d, J=8.8 Hz), 5.70 (1H, s), 5.24 (2H, s),
3.87 (3H, s), 3.83 (3H, s), 3.68 (6H, ).

'H NMR (600 MHz, Acetone) & 8.15 (1H, s), 7.93 (1H, d, J=4.2 Hz), 7.21 (1H, d, J=4.1
Hz), 6.95 (1H, d, J=8.7 Hz), 6.58 (2H, s), 6.54 (1H, d, J=12.2 Hz), 6.49 (1H, d, J=8.7
Hz), 6.44 (1H, d, J=12.2 Hz), 5.29 (2H, s), 3.86 (3H, s), 3.68 (3H, s), 3.62 (6H, S).

C NMR (151 MHz, Acetone) 8 153.1, 152.3, 149.2, 148.6, 137.4, 134.1, 132.7, 129.0,
128.6, 126.5, 125.1, 124.5, 124.5, 117.9, 106.2, 103.0, 68.5, 59.6, 55.4, 55.2.

13C NMR DEPT (151 MHz, Acetone) § 129.0, 128.6, 126.5, 125.1, 124.5, 106.2, 103.0,
68.5, 59.6, 55.4, 55.2.

HRMS: m/z: obsd 496.1034 [M+Na]", calcd for CosH23NOgS™, 473.1144. HPLC

(Method B): 10.0 min.

(2)-6-methoxy-2-(1-(5-nitrothiophen-2-yl)ethoxy)-3-(3,4,5-trimethoxystyryl)phenol
(38)

Compound 31 (0.200 g, 0.333 mmol) was dissolved in THF (5 mL). Glacial acetic acid (7
mL) and hydrochloric acid (2 M, 4 mL) were added dropwise and the reaction was stirred
(30 min). Glacial acetic acid (4 mL) and hydrochloric acid (2 M, 2.5 mL) were added
dropwise and the reaction was stirred (8 hr). H,O (30 mL) was used to quench the
reaction and it was concentrated under reduced pressure. The residue was extracted with

CHCl; (3 x 30 mL), washed multiple times with brine, dried over Na,SOy, filtered, and
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concentrated under reduced pressure. The crude product was purified by flash column
chromatography using a pre-packed 50 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 10%A / 90%B (1 CV), 10%A/ 90%B — 80%A / 20%B (13 CV),
80%A / 20%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] affording
compound 38 (0.094 g, 0.199 mmol, 60%) as a yellow oil.

'H NMR (600 MHz, CDCl3) § 7.74 (1H, d, J = 4.2 Hz), 6.93 (1H, d, J = 4.2 Hz), 6.80
(1H, d, J = 8.5 Hz), 6.55 (1H, d, J = 8.6 Hz), 6.53 (1H, d, J = 12.5 Hz), 6.47 (2H s), 6.45
(1H, d, J=12.2 Hz), 5.71 (1H, q, J = 6.4 Hz), 3.87 (3H, s), 3.84 (3H, 5), 3.66 (6H, ),
1.71 (3H, d, J = 6.4 Hz).

3C NMR (126 MHz, CDCl3) 6 153.6, 152.8, 151.4, 147.5, 137.1, 132.6, 132.2, 130.2,
128.2,125.4, 123.8, 123.8, 117.5, 105.8, 103.4, 75.2, 60.9, 55.9, 55.8, 29.7, 21.7.
HRMS: m/z: obsd 488.1363 [M+H]", calcd for Cy4H,sNOgS™, 487.1301.

HPLC (Method B): 10.1 min.

(Z2)-3-methoxy-2-((5-nitrothiophen-2-yl)methoxy)-6-(3,4,5-trimethoxystyryl)phenol
(39)

AcOH (10 mL) and HCI (10 mL, 2M) was added drop-wise to a solution of compound 33
(0.250 g, 0.425 mmol) in THF (25 mL). The reaction as allowed to stir for 8 h at room
temperature. H,O (40 mL) was used to quench the reaction, THF was evaporated off
completely, and the residue was extracted with CH,Cl, (3 x 20 mL). The combined
extracts were washed with brine, dried over Na,SQOy, filtered, and concentrated under
reduced pressure. The crude product was purified by flash chromatography using a pre-

packed 10 g silica column [solvent A: EtOAC; solvent B: hexanes; gradient: 10%A /
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90%B (1 CV), 10%A / 90%B — 80%A / 20%B (10 CV), 80%A / 20%B (2 CV); flow
rate: 20 mL/min; monitored at 254 and 280 nm] affording compound 33 (0.030 g, 0.0634
mmol, 12%) as a brown oil.

'H NMR (CDCls, 600 MHz) § 7.77 (1H, d, J=4.1 Hz), 6.97 (1H, d, J=4.1 Hz), 6.79 (1H,
d, J= 8.4 Hz), 6.56 (1H, d, J= 8.4 Hz), 6.55 (1H, d, J=12.2 Hz), 6.50 (1H, d, J=12.2 Hz),
6.45 (2H, s), 5.59 (1H, s), 5.24 (2H, s), 3.88 (3H, ), 3.82 (3H, 3), 3.65 (6H, 9).

13C NMR (CDCls, 151 MHz) § 152.8, 151.8, 148.5, 147.0, 142.6, 138.4, 137.2, 132.4,
130.7,128.2, 125.5, 124.6, 124.3, 120.5, 106.6, 106.0, 68.7, 60.9, 56.4, 55.8.

HRMS: m/z: obsd 496.1033 [M+Na]", calcd for Co3H23NOgS", 473.1144.

HPLC (Method B): 12.5 min.

(2)-3-methoxy-2-(1-(5-nitrothiophen-2-yl)ethoxy)-6-(3,4,5-trimethoxystyryl)phenol
(40)

Compound 34 (0.100 g, 0.167 mmol) was dissolved in THF (3 mL). Glacial acetic acid
(5.6 mL) and hydrochloric acid (2 M, 3.3 mL) were added dropwise and the reaction was
stirred (8 hr). H,O (20 mL) was used to quench the reaction and it was concentrated
under reduced pressure. The residue was extracted with CH,Cl, (3 x 20 mL), washed
multiple times with brine, dried over Na,SQ,, filtered, and concentrated under reduced
pressure. The crude product was purified by flash column chromatography using a pre-
packed 10 g silica column [solvent A: EtOACc; solvent B: hexanes; gradient: 10%A /
90%B (1 CV), 10%A / 90%B — 80%A / 20%B (13 CV), 80%A / 20%B (2 CV); flow
rate: 100 mL/min; monitored at 254 and 280 nm] affording compound 40 (0.026 g, 0.055

mmol, 33%) as a yellow oil.
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'H NMR (600 MHz, CDCl3)  7.79 (1H, d, J = 4.2 Hz), 6.96 (1H, d, J = 8.7 Hz), 6.93
(1H, d, J = 4.2 Hz), 6.53 (2H, d, J = 12.4 Hz), 6.49 (2H, s), 6.37 (1H, d, J = 8.8 Hz), 5.56
(1H, g, J = 6.5 Hz), 3.84 (3H, s), 3.83 (3H, s), 3.67 (6H, s), 1.73 (3H, d, J = 6.5 Hz).

13C NMR (126 MHz, CDCl3) § 153.6, 152.8, 151.4, 147.5, 132.6, 132.2, 130.2, 128.2,
125.3,123.8, 123.7, 117.5, 105.8, 103.4, 103.3, 75.2, 60.9, 55.9, 55.8, 29.7, 21.7.
HRMS: m/z: obsd 488.1373 [M+H]", calcd for Cy3H,3NOgS™, 487.1301.

HPLC (Method B): 11.1 min.

(Z2)-6-methoxy-2-((2-(5-nitrothiophen-2-yl)propan-2-yl)oxy)-3-(3,4,5-
trimethoxystyryl)phenol (41)

To a solution of compound 32 (2.35 g, 3.82 mmol) in THF (250 mL) at -15 °C, TBAF-
3H,0 (1.32 g, 4.19 mmol) was dissolved in THF (10 mL) and added drop-wise. The
reaction was allowed to stir for 1 h. H,O (40 mL) was used to quench the reaction, THF
was evaporated off completely, and the residue was extracted with CH,Cl, (3 x 20 mL).
The combined extracts were washed with brine, dried over Na,SOy, filtered, and
concentrated under reduced pressure. The crude product was purified by flash
chromatography using a pre-packed 10 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 93%B — 60%A / 40%B (13 CV), 60%A
1 40%B (2 CV); flow rate: 20 mL/min; monitored at 254 and 280 nm] affording
compound 41 (0.050 g, 0.980 mmol, 2%) as a brownish-yellow solid.

'H NMR (CDCls, 600 MHz) & 7.77 (1H, d, J=4.2 Hz), 6.93 (1H, d, J=4.2 Hz), 6.84 (1H,
d, J=8.6 Hz), 6.56 (1H, d, J=8.6 Hz), 6.52 (2H, s), 6.48 (1H, d, J=12.2 Hz), 6.30 (1H, d,

J=12.2 Hz), 5.47 (1H, s), 3.86 (3H, s), 3.84 (3H, s), 3.67 (6H, ), 1.79 (6H, 3).
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13c NMR (CDCls, 151 MHz) 6 161.5, 152.9, 150.6, 147.1, 140.6, 140.2, 137.3, 132.5,
129.3,128.4,127.2, 126.6, 122.2, 120.6, 106.9, 106.0, 81.9, 61.1, 56.4, 56.0, 29.5.
HRMS: m/z: obsd 524.1352 [M+Na]", calcd for CosH2NOgS™, 501.1457. HPLC

(Method B): 12.3 min

[(Z2)-2-((2-Methoxy-5-(3,4,5-trimethoxystyryl)phenoxy)methyl)-5-nitrothiophene
(43)88

(5-Nitrothiophen-2-yl)methanol (0.100 g, 0.628 mmol), triphenylphosphine (0.336 g,
1.28 mmol), and combretastatin A-4 (0.396 g, 1.25 mmol) were dissolved in
tetrahydrofuran (2 mL). DEAD (0.218 g, 1.25 mmol) was added and the reaction was
stirred for 4 hours at 50 °C. The reaction was then evaporated under reduced pressure.
The product was then extracted with ethyl acetate, washed with water and brine, dried
with sodium sulfate, and evaporated under reduced pressure. Flash chromatography of
the crude product using a prepacked 100 g silica column [eluents: solvent A, EtOAC;
solvent B, hexanes; gradient, 10% A/90% B over 1.19 min (1 CV), 10% A/90% B ->
67% A/33% B over 13.12 min (10 CV), 67% A/33% B over 2.38 min (2 CV); flow rate
50.0 mL/min; monitored at A 254 and 280 nm] and recrystallization in ethyl acetate and
hexanes yielded [(Z)-2-((2-methoxy-5-(3,4,5-trimethoxystyryl)phenoxy)methyl)-5-
nitrothiophene (43) (0.286 g, 0.625 mmol, 50%),

'H NMR (500 MHz, CDCl3) § 7.80 (1H, d, J = 4 Hz), 6.97 (1H, dd, J=8 Hz, J= 1.5
Hz), 6.89 (1H, d, J = 4 Hz), 6.87 (1H, d, J = 2 Hz), 6.84 (1H, d, J = 8.5 Hz), 6.50 (2H, 5),

6.48 (2H, d, J = 12 Hz), 5.07 (2H, s), 3.89 (3H, s), 3.86 (3H, 5), 3.72 (6H, 3).
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13C NMR (125 MHz, CDCl3) § 153.0, 149.1, 148.3, 146.4, 137.1, 132.9, 129.8, 129.2,
128.4, 124.8, 124.0, 115.4, 111.7, 105.8, 66.4, 60.9, 56.0, 56.0.
HRMS: m/z: obsd 480.1088 [M+Na]", calcd for Co3sH23NO;S", 457.1195. HPLC

(Method A): 17.1 min.

(2)-2-(1-(2-Methoxy-5-(3,4,5-trimethoxystyryl)phenoxy)ethyl)-5-nitrothiophene
(44)88

Combretastatin A-4 (0.251 g, 0.79 mmol), triphenylphosphine (0.105 g, 0.400 mmol),
and 1-(5-nitrothiophen-2-yl)ethanol (0.197 g, 1.14 mmol) were dissolved in dry THF (10
mL). Diethyl azodicarboxylate [DEAD] (0.155 g, 0.890 mmol) was added dropwise and
the reaction was stirred for 24 hours. The reaction was quenched with water, partitioned,
extracted with ethyl acetate, dried with sodium sulfate, and evaporated under reduced
pressure. Flash chromatography of the crude product using a prepacked 25 g silica
column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 15% A/85% B over
1.19 min (1 CV), 15% A/85% B - 100% A/0% B over 13.12 min (10 CV), 100% A/0%
B over 2.38 min (2 CV); flow rate 25.0 mL/min; monitored at 2 254 and 280 nm] to yield
(2)-2-(1-(2-methoxy-5-(3,4,5-trimethoxystyryl)phenoxy)ethyl)-5-nitrothiophene 44
(0.090 g, 0.19 mmol, 24%),

'H NMR (500 MHz, CDCl3) § 7.75 (1H, d, J = 4.5 Hz), 6.94 (1H, dd, J = 8 Hz, J = 2
Hz), 6.81 (3H, m), 6.46 (1H, d, J = 12.5 Hz), 6.45 (2H, s), 6.44 (1H, d, J = 12 Hz), 5.25
(1H, g, J =6 Hz), 3.86 (3H, s), 3.84 (3H, s), 3.69 (6H, s), 1.63 (3H, d, J = 6.5)

3C NMR (125 MHz, CDCl3) 6 155.3, 153.0, 149.9, 145.7, 137.1, 132.9, 129.9, 129.2,

129.1,128.4, 1244, 123.0, 118.2, 112.0, 105.8, 73.8, 60.9, 55.9, 55.9, 23.1.
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HRMS: m/z: obsd 472.1428 [M+H]", calcd for CsHsNOgS™, 471.1532. HPLC (Method

A): 17.6 min.

[(Z2)-2-(2-(2-Methoxy-5-(3,4,5-trimethoxystyryl)phenoxy)propan-2-yl)-5-
nitrothiophene (45)%

Combretastatin A-4 (1.87 g, 5.91 mmol), 2-(5-Nitrothiophen-2-yl)propan-2-ol (1.17 g,
6.25 mmol), and 1,1’-(azodicarbonyl)-dipiperdine [ADDP] (1.46 g, 5.79 mmol) were
dissolved in benzene (15 mL). Tributylphosphine (1.43 mL, 5.91 mmol) was added
dropwise and the reaction was stirred for 24 hours. The reaction was quenched with
water, extracted with ethyl acetate, dried with sodium sulfate, and evaporated under
reduced pressure. Flash chromatography of the crude product using a prepacked 25 g
silica column [eluents: solvent A, EtOAcC; solvent B, hexanes; gradient, 15% A/85% B
over 1.19 min (1 CV), 15% A/85% B - 100% A/0% B over 13.12 min (10 CV), 100%
A/0% B over 2.38 min (2 CV); flow rate 25.0 mL/min; monitored at 4 254 and 280 nm]
yielded (Z)-2-(2-(2-methoxy-5-(3,4,5-trimethoxystyryl)phenoxy)propan-2-yl)-5-
nitrothiophene (45) (0.670 g, 1.38 mmol, 23%) as a dark red oil.

'H NMR (500 MHz, CDCl3) & 7.72 (1H, d, J = 4.2 Hz), 7.01 (1H, dd, J = 2.0 Hz, 8.4

Hz), 6.83 (1H, d, J = 8.4 Hz), 6.77 (1H, d, J = 4.2 Hz), 6.72 (1H, d, J = 2.0 Hz), 6.43 (4H,
d, J=2.2 Hz), 3.85 (3H, s), 3.80 (3H, s), 3.71 (6H, ), 1.59 (6H, ).
3C NMR (125 MHz, CDCl3): 6 161.0, 152.9, 152.4, 150.3, 142.8, 136.8, 132.9, 129.5,
129.2,129.1, 128.3, 125.8, 124.0, 122.2, 111.8, 105.7, 79.9, 60.7, 55.8, 55.6, 28.6.
HRMS: m/z: obsd 508.1399 [M+Na]", calcd for C,sH2NOgS”, 485.1508. HPLC

(Method A): 18.7 min.
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[(Z)-2-(2-(2-Methoxy-5-(3,4,5-trimethoxystyryl)phenoxy)propan-2-yl)-5-
nitrothiophene (45)%® (Alternate Purification Route)

Combretastatin A-4 (1.61 g, 5.09 mmol), 2-(5-Nitrothiophen-2-yl)propan-2-ol (1.00 g,
5.34 mmol), and 1,1°-(azodicarbonyl)-dipiperdine [ADDP] (1.35 g, 5.34 mmol) were
dissolved in toluene (101 mL). Tributylphosphine (1.3 mL, 5.34 mmol) was added
dropwisely and the reaction was stirred for 20 hours. Reaction mixture was diluted with
EtOAc and quenched with water. The resulting mixture was extracted with ethyl acetate
(30 mL X 3), dried with sodium sulfate, and evaporated under reduced pressure. Product
was purified by flash using 5-20% EtOAc-hexane. Column purified product contains free
alcohol, CA4 and BAPC (product) in the ratio of 1.0:2.4:3.0. Amount of BAPC is 921mg,
1.90 mmol (calculated from NMR) (TY: 2.469 g). Amount of free alcohol is 118 mg,
0.63 mmol. Amount of CA-4 is 480 mg, 1.52 mmol. To a solution of mixture of three
compounds in DCM (30.0 mL), imidazole (1.03 g, 15.2 mmol) was added followed by
TBSCI (2.52 g, 16.7 mmol) and stirred at room temperature for 4 h. Reaction was
quenched with water, extracted with ethyl acetate (30 mL X 3), dried with sodium
sulfate, and evaporated under reduced pressure. Product was purified by flash using 5-
20%. All CA-4 got removed. Now the isolated compound is mixture of BAPC and free
alcohol in the ratio (3.0:1) by NMR. Amount of mixture is 910 mg. Amount of BAPC is
807 mg, 1.66 mmol and free alcohol 103 mg, 0.55 mmol. A solution of mixture of BAPC,
free alcohol, DMAP (67 mg, 0.55 mmol) and TEA (0.85 mL, 6.05 mmol) in DCM (11
mL) was treated with acetic anhydride (0.52 mL, 5.5 mmol) and stirred at room
temperature for 4.0 h. Reaction was quenched with water, extracted with ethyl acetate (30

mL X 3), dried with sodium sulfate, and evaporated under reduced pressure. Product was

121



purified by flash using 5-15% EtOAc-hexane. (Z)-2-(2-(2-methoxy-5-(3,4,5-
trimethoxystyryl)phenoxy)propan-2-yl)-5-nitrothiophene (45) (0.760 g, 1.56 mmol, 31%)
was isolated as a dark red oil. By NMR no more free alcohol was observed in the purified
product.

'H NMR (500 MHz, CDCl3) & 7.72 (1H, d, J = 4.2 Hz), 7.01 (1H, dd, J = 2.0 Hz, 8.4
Hz), 6.83 (1H, d, J = 8.4 Hz), 6.77 (1H, d, J = 4.2 Hz), 6.72 (1H, d, J = 2.0 Hz), 6.43 (4H,
d, J=2.2 Hz), 3.85 (3H, s), 3.80 (3H, s), 3.71 (6H, ), 1.59 (6H, S).

3C NMR (125 MHz, CDCls): § 161.0, 152.9, 152.4, 150.3, 142.8, 136.8, 132.9, 129.5,

129.2,129.1, 128.3, 125.8, 124.0, 122.2, 111.8, 105.7, 79.9, 60.7, 55.8, 55.6, 28.6.

Biological Evaluation

Cell Culture and SRB Cytotoxicity Assay'*>43
Three cancer cell lines ( DU-145, prostate; SK-OV-3, ovarian; and NCI-H460,

lung cancer) were grown and passaged using DMEM media supplemented with 10% FBS
(Gibco One Shot®) and 1% gentamycin sulfate (Teknova, Hollister, CA). Cells were
maintained at 37 °C in a humidified atmosphere of 5% CO,, up to passage 15 for use in
these experiments. The sulforhodamine B (SRB) assay was used to assess inhibition of
human cell line growth as previously described.**>** Briefly, cancer cells were plated at
7500 cells/well using DMEM supplemented with 5% FBS and 1% gentamycin sulfate in
96-well plates and incubated for 24 h. Subsequently, 10-fold serial dilutions of the
compounds to be tested were then added to the wells. After 48 h, the cells were fixed

with 10% trichloroacetic acid (final concentration), stained with sulforhodamine B (Acid
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Red 52) (TKI, Tokyo), read at 540 nm, and normalized at 630 nm with an automated
Biotek EIx800 plate reader (Biotek, Winooski, VT). A growth inhibition of 50% (Glso or
the drug concentration causing a 50% reduction in the net protein staining relative to

controls) was calculated from optical density data with Excel software.

Inhibition of Tubulin Polymerization*"
Tubulin assembly experiments were performed using 0.25 mL reaction mixtures

(final volume),*®

which contained 1.0 mg/mL (10 uM) purified bovine brain tubulin, 0.8
M monosodium glutamate (pH 6.6 in a 2 M stock solution) 4% (v/v) dimethyl sulfoxide,
0.4 mM GTP, and varying compound concentrations. Initially, all components except
GTP were preincuabted for 15 min at 30 °C in 0.24 mL. After chilling the mixtures on
ice, 10 uL of 10 mM GTP was added. The reaction mixtures were placed in cuvettes held
at 0 °C in Beckman DU-7400 and DU-7500 spectrophotometers equipped with electronic
temperature controllers. The temperature was jumped to 30 °C over about 30 s, and
polymerization was followed turbidimetrically at 350 nM for 20 min. Each reaction set

included a reaction mixture without compound, and the ICsy was defined as the

compound concentration that inhibited extent of assembly by 50% after 20 min at 30 °C.

Colchicine Binding Assay™*

Inhibition of [*H]colchicine binding to tubulin was determined using 100 L
reaction mixtures, each containing 1.0 uM tubulin, 5.0 uM [*H]colchicine (from Perkin-
Elmer), 5% (v/v) dimethyl sulfoxide, potential inhibitors at 1.0 or 5.0 uM and

components demonstrated to stabilize the colchicine binding activity of tubulin** (1.0 M
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monosodium glutamate [adjusted to pH 6.6 with HCI in a 2.0 M stock solution], 0.5
mg/mL bovine serum albumin, 0.1 M glucose-1-phosphate, 1.0 mM MgCl,, and 1.0 mM
GTP). Incubation was for 10 min at 37 °C, a time point at which the binding reaction in
the control is 40-60% complete. Reactions were stopped by adding 2.0 mL of ice-cold
water and placing the samples on ice. Each sample was poured onto a stack of two
DEAE-cellulose filters, followed immediately by 6 mL of ice-cold water, and the water
was aspirated under reduced vacuum. The filters were washed three times with 2 mL of
water and, following removal of excess water under a strong vacuum, placed into vials
containing 5 mL of Biosafe Il scintillation cocktail. Samples were counted the next day in
a Beckman scintillation counter. Samples with potential inhibitors were compared to
controls with no inhibitor to determine percent inhibition. All samples were corrected for

the amount of colchicine that bound to the filters in the absence of tubulin.

NADPH Cytochrome P450 Oxidoreductase Cleavage Assay'****!

Rat NADPH cytochrome P450 oxidoreductase (POR) and protocatechuate 3,4-
dioxygenase (PCD) were purchased from Corning® and Sigma-Aldrich, respectively, and
their enzymatic activities were determined in terms of enzyme units (U). All bioreductive

prodrugs were dissolved in DMSO as 10 mM stock solutions.

An aliquot (5 pL) of the 10 mM compound DMSO stock solution along with 0.5 puL
0.1% Triton X-100 were added to 395.5 ul 200 mM pH 7.4 potassium phosphate buffer
containing 400 uM freshly made protocatechuic acid (PCA). The components were fully
mixed in a microvessel capped with a rubber septum stopper and subjected to three cycles

of evacuation and flushing with N using a manifold, followed by sparging with N, for an
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additional 20 min. PCD (0.08 units) was added by Hamilton syringe, and the solution was
scrubbed for 10 min to allow for sufficient O, digestion by PCA/PCD. POR stock (0.006
units) was introduced followed by NADPH (0.8 mM final concentration) into the vial
followed by an additional round of N sparging. The reaction mixture was incubated for
24 h at 37 °C, cooled on ice and treated with an equal volume of acetonitrile. After
centrifugation and filtration, the samples were analyzed by HPLC. Solutions without

POR were used as controls.
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CHAPTER FOUR
Synthesis of KGP18, KGP18 Bioreductively Activatable Prodrug Conjugates, OXi6196
Bioreductively Activatable Prodrug Conjugates, and the Nitroimidazole Trigger
With the successful generation of BAPCs that incorporate the anticancer agents
phenstatin, CA1"*®, and CA4, the development of further BAPCs with other potent VDAs
and inhibitors of tubulin assembly from the Pinney group was pursued.****>* The
dihydronaphthalene OXi6196 and the benzosuberene analogue VDA KGP18, both
inhibitors of tubulin polymerization, are potent small-molecule cytotoxic agents inspired
by the natural products colchicine, CA1 and CA4.°%*** KGP18 and OXi6196 were
synthesized and BAPCs of each were generated through Mitsunobu reactions with

nitrothiophene, nitrofuran, and nitroimidazole triggers.

KGP18 and KGP18-BAPC Synthesis
The KGP18 synthesis developed by the Pinney Research Group utilizes two key

reactions to generate the benzosuberene CA4 analogue- a cyclization employing Eaton’s
reagent to form the seven membered ring and a lithium-halogen exchange to install the
trimethoxy aryl ring system.*® The Wittig olefination reaction was used to generate
alkene 3 from phosphonium salt 1 and aldehyde 2 (Scheme 4.1).3**® Reduction of alkene
3 yielded carboxylic acid 4, which was then cyclized, upon treatment with Eaton’s
reagent, to produce benzosuberene 5.3*% Benzosuberene 5 was demethylated to generate

phenol 6, which was silylated to form the protected benzosuberene 7.3+3°
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A lithium-halogen exchange reaction was then performed with brominated
coumpound 8, which was then reacted with protected benzosuberene 7 to yield tertiary
alcohol 9 (Scheme 4.1).3**® The tertiary alcohol 9 was then dehydrated to generate alkene
10, which was then desilylated to yield KGP18.3%

A Mitsunobu reaction was used to synthesize the KGP18-BAPCs (Scheme
4.2).8819>1% KGp18, DEAD, triphenylphosphine, and nitroimidazole trigger 12 were
used to synthesize the normethyl nitroimidazole KGP18-BAPC 13.281%1% KGp18
BAPCs 15 and 17 were generated by reacting DIAD, triphenylphosphine, KGP18, and
nitroimidazole trigger 14 and nitrothiophene trigger 16 respectively.?8%1% The nor-
methyl and mono-methyl nitrofuran triggers 18 and 19 were reacted with DIAD,
triphenylphosphine, and KGP18 to yield the BAPCs 20 and 21 respectively.?#1%1% The
gem-dimethyl nitrofuran KGP18-BAPC was also attempted, but the reaction yielded only

starting material 231%%1%°
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OXi6196-BAPC Synthesis
The OXi6196-BAPC syntheses were achieved through Mitsunobu reactions with
OXi6196 generated by Casey Maguire, a graduate student in the Pinney Research Group
who has developed efficient and novel routes to synthesize 0Xi6196.34%"1°¢157 p|AD,
0Xi6196, triphenylphosphine, and nitroimidazole triggers 12 and 14 were reacted to
yield BAPCs 23 and 24 respectively (Scheme 4.3).281%1% The gem-dimethyl
nitrothiophene OXi6196 BAPC 26 was generated through the reaction of nitrothiophene

trigger 25, ADDP, tributylphosphine, and 0Xi6196.281%>106
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Scheme 4.3. OXi6196-BAPC Synthesis®>**%
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Nitroimidazole Bioreductive Trigger Synthesis

The patent route™”’

to generate the nitroimidazole trigger was initially utilized to
generate the cyclized aminoinidazole 30, but after poor yields, the Conway et. al route
was adapted to generate the nitroimidazole trigger.'®

The patent route to the aminoimidazole intermediate 30 (Scheme 4.4) began with

the formylation of sarcosine methyl ester 27 to generate aldehyde 28.1%’

An enol group
was attached to 28 to yield the organic salt 29, which was then deformylated and cyclized
to generate aminoimidazole 30 in poor yield.'"’

Once the Conway et. al route was successfully utilized to generate both the nor-

1,2 the next

methyl nitroimidazole trigger and the mono-methyl nitroimidazole trigger 3
goal was to complete the series through the synthesis of the gem-dimethyl nitroimidazole
trigger 33. The initial attempts were to generate the gem-dimethyl nitroimidazole trigger
through the same route as the nitrofurans and the nitrothiophenes: oxidize the mono-
methyl trigger into the ketone, and then methylate the ketone to yield the gem-dimethyl
trigger 33.1%%% The synthesis began with the successful oxidation of the mono-methyl
nitroimidazole trigger 31 to ketone 32 (Scheme 4.5).1%% The methylation step proved
difficult, however, as none of the methylation methods attempted generated product or
any byproduct, only returning starting material 32.2%%1%4

After attempting the methylation with five different reagents in six different ways
(Scheme 4.5) with no success, a different approach was required. As the nitrothiophene
ketone was available and easier to generate, the Wittig reaction was run with the

nitrothiophene 35 in a test system. The generation of the terminal alkene was attempted

next to no avail, as the reaction of nitrothiophene ketone 35 with phosphonium salt 34 in
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Wittig conditions did not yield the alkene 36, returning only starting material (Scheme
4.6). With the failure of the Wittig chemistry in the test system, the Wittig reaction was

not attempted on the nitroimidazole ketone.
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N_U_och, HCO:ELEtOH KCO, N N _och, SRR, /N\fgocna
28

27 e

oN®

1)HCI, EtOH a

29

2) NCNH,, AcONa

o \
N
™

30

Scheme 4.4. Nitroimidazole Patent Route Synthesis'%’
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Scheme 4.6. Attempted Wittig with Nitrothiophene Ketone

CAL1 Tosyl BAPC Synthesis
The Mitsunobu reaction was attempted with the gem-dimethyl nitrothiophene
trigger on the C2 tosyl / C3 OH CAL analog, since the nor-methyl and mono-methyl
nitrothiophene tosyl CA1 (C2 tosyl / C3 trigger) had been successfully synthesized. The
reaction was attempted to complete the tosyl / nitrothiophene trigger CAL series, but the
reaction to generate the gem-dimethyl nitrothiophene tosyl CA1 BAPC 38 was ultimately

unsuccessful after multiple attempts, all of which only returned starting material (Scheme

47) -88,105,106

H3CO O N H3CO N
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’ ’ ’ OT
H,CO O X H3CO S NO,
OCH, OH HiC CH, OCH, o S

|
N
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Y | )—No, OCHy, ¢ CHy

25 38

Scheme 4.7. Tosyl Gem-dimethyl-CA1-BAPC Attempted Synthesis®®'%>1%

Conclusions

In conclusion, several KGP18 and OXi6196-based BAPCs were synthesized
utilizing the Mitsunobu reaction to covalently link KGP18 and OXi6196 to

nitrothiophene, nitroimidazole, and nitrofuran triggers. This series of OXi6196 and
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KGP18-BAPCs will undergo preliminary biological evaluation to determine their
cytotoxicity in normoxic versus hypoxic conditions, hydrolysis in aqueous solution,
bioreductive trigger cleavage upon treatment with POR, (in collaboration with Trawick
Research Group, Baylor University) and their ability to inhibit tubulin polymerization
and compete for the colchicine binding site (in collaboration with Ernest Hamel, NCI).
The gem-dimethyl nitroimidazole trigger was not successfully synthesized, but a
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published route by Cavalleri and co-workers™" to the gem-dimethyl nitroimidazole

trigger will be attempted to generate the trigger.

Materials and Methods

5-(2,3-dimethoxyphenyl)pent-4-enoic acid (3)%*%

(2-carboxyethyl)triphenylphosphonium bromide (16.7 g, 39.0 mmol) was dissolved in
THF (400 mL). Potassium tert-butoxide (11.7 g, 104 mmol) was added to the reaction
and it was stirred for 1 h at room temperature. 2,3-Dimethoxybenzaldehyde (5.39 g, 32.0
mmol) was added to the reaction mixture and it was stirred for 8 h. The reaction was then
quenched with HCI (2 M, 50 mL) and evaporated under reduced pressure. EtOAc (80
mL) was added to the residue and the layers were partitioned. The aqueous layer was
extracted with EtOAc (3 x 40 mL). The combined organic layers were washed with brine
(50 mL), dried over Na,SOy4, and evaporated under reduced pressure. The crude product
was purified by flash chromatography using a pre-packed 100 g silica column [solvent A:
EtOAC; solvent B: hexanes; gradient 10%A / 90%B (1 CV), 10%A / 90%B - 50%A /

50%B (13 CV), 50%A / 50%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280

134



nm] to afford compound 3 (6.00 g, 25.4 mmol, 65%) as a light yellow solid. NMR

characterization was conducted after the next step.

5-(2,3-dimethoxyphenyl)pentanoic acid (4)***

5-(2,3-dimethoxyphenyl)pent-4-enoic acid (5.39 g, 21.5 mmol) was added to an empty
flask flushed under N, followed by 10 % palladium on carbon (0.430 g, 0.404 mmol).
Methanol (100 mL) was added slowly to the reagents, and then the flask was purged
under N,. The flask was placed under vacuum, and then H, was added and the reaction
was stirred for 12 h at room temperature. The reaction was then filtered through Celite in
a frit funnel, rinsed with EtOAc (3 x 50 mL), and the combined organic phases were
evaporated under reduced pressure. The crude product was purified by flash
chromatography using a pre-packed 100 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient 7%A / 93%B (1 CV), 7%A / 93%B > 40%A / 60%B (13 CV), 40%A /
60%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford
compound 4 (6.00 g, 25.4 mmol, 77%) as a clear oil.

'H NMR (500 MHz, CDCls) § 6.97 (1H, t, J = 7.9 Hz), 6.76 (2H, m), 3.85 (3H, s), 3.81

(3H, s), 2.64 (2H, t, J = 7.3 Hz), 2.38 (2H, t, J = 7.1 Hz), 1.74 — 1.60 (4H, m).

3C NMR (125 MHz, CDCl3) 6 179.5, 152.7, 147.0, 135.9, 123.8, 121.8, 110.1, 60.6,

55.6, 33.8, 30.1, 29.4, 24.5.

1,2-dimethoxy-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (5)**°
5-(2,3-dimethoxyphenyl)pentanoic acid (3.55 g, 14.9 mmol) was dissolved in Eaton’s
reagent (29 mL, 3 g/mmol of compound 4) and stirred for 12 h at room temperature. The

reaction was poured over ice and neutralized with saturated sodium bicarbonate. The
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layers were partitioned, then the aqueous layer was extracted with EtOAc (3 x 50 mL).
The combined organic layers were washed with brine (40 mL), dried over Na,SO,, and
evaporated under reduced pressure. The crude product was purified by flash
chromatography using a pre-packed 100 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient 7%A / 93%B (1 CV), 7%A / 93%B > 40%A / 60%B (13 CV), 40%A /
60%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford
compound 5 (2.22 g, 10.1 mmol, 68%) as a yellow solid.

'H NMR (500 MHz, CDCls3) § 7.53 (1H, d, J = 8.6 Hz), 6.84 (1H, d, J = 8.6 Hz), 3.90
(3H, s), 3.79 (3H, s), 3.00 (2H, t, J = 6.1 Hz), 2.69 (2H, t, J = 6.1 Hz), 1.89 — 1.81 (2H,

m), 1.81 — 1.72 (2H, m).

3C NMR (125 MHz, CDCls) § 204.9, 156.1, 145.9, 135.7, 132.8, 125.5, 109.7, 61.1,

55.8,40.6, 24.9, 23.2, 20.9.

1-hydroxy-2-methoxy-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (6)3*%°

[TMAH][AICI7] (18.3 mL, 9.08 mmol) was added to 1,2-dimethoxy-6,7,8,9-tetrahydro-
5H-benzo[7]annulen-5-one (1.01 g, 4.54 mmol) in a 20 mL microwave vial. The reaction
mixture was then exposed to microwave irradiation for 1 h on high absorbance at 80 °C.
The reaction was then poured into water (50 mL) and EtOAc (40 mL) was added. The
layers were partitioned and the aqueous layer was extracted (3 x 40 mL). The combined
organic layers were washed with brine (50 mL), dried over Na,SO,, and evaporated
under reduced pressure. The crude product was purified by flash chromatography using a
pre-packed 50 g silica column [solvent A: EtOAC; solvent B: hexanes; gradient 7%A /

93%B (1 CV), 7%A / 93%B > 60%A / 40%B (13 CV), 60%A / 40%B (2 CV); flow
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rate: 50 mL/min; monitored at 254 and 280 nm] to afford compound 6 (0.590 g, 2.86
mmol, 63%) as a yellow solid.

'H NMR (500 MHz, CDCl3) § 7.34 (1H, d, J = 8.5 Hz), 6.79 (1H, d, J = 8.5 Hz), 5.77
(1H, s), 3.94 (3H, s), 3.01 (2H, dd, J = 7.2, 5.0 Hz), 2.76 — 2.66 (2H, m), 1.83 (4H, m).
3C NMR (125 MHz, CDCls) § 205.1, 149.2, 142.4, 133.3, 127.7, 120.8, 107.9, 56.1,

40.8, 24,5, 23.0, 21.3.

1-((tert-butyldimethylsilyl)oxy)-2-methoxy-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-
5-one (7)3*3°

1-hydroxy-2-methoxy-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-one (2.00 g, 9.70 mmol)
was dissolved in CH,Cl, (80 mL). Triethylamine (1.64 mL, 11.6 mmol), tert-
butyldimethylsilyl chloride (1.61 g, 10.7 mmol) and DMAP (0.0650 g, 0.532 mmol) were
added to the reaction mixture and it was stirred for 8 h. The reaction was quenched with
water (40 mL) and the layers were partitioned. The aqueous layer was extracted with
CHCl; (3 x 40 mL). The combined organic layers were washed with brine (50 mL),
dried over Na,SQO,, and evaporated under reduced pressure. The crude product was
purified by flash chromatography using a pre-packed 50 g silica column [solvent A:
EtOAC; solvent B: hexanes; gradient 2%A / 98%B (1 CV), 2%A / 98%B - 20%A /
80%B (13 CV), 20%A / 80%B (2 CV); flow rate: 50 mL/min; monitored at 254 and 280
nm] to afford compound 7 (2.18 g, 6.79 mmol, 70%) as light tan crystals.

'H NMR (500 MHz, CDCls) § 7.37 (1H, d, J = 8.5 Hz), 6.76 (1H, d, J = 8.6 Hz), 3.82
(3H, s), 3.00 (2H, dd, J = 7.0, 5.1 Hz), 2.69 (2H, dd, J = 7.3, 4.4 Hz), 1.84 — 1.73 (4H,

m), 1.01 (9H, s), 0.18 (6H, s).
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3C NMR (125 MHz, CDCls) § 205.3, 153.2, 141.7, 133.1, 133.1, 122.3, 108.7, 54.8,

40.7, 26.1, 25.6, 24.7, 23.9, 21.2, -3.9.

1-((tert-butyldimethylsilyl)oxy)-2-methoxy-5-(3,4,5-trimethoxyphenyl)-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-ol (9)%°

3,4,5-trimethoxybromobenzene (4.13 g, 16.7 mmol) was dissolved in THF (80 mL) at -78
°C. n-Butyllithium (1.6M, 7.06 mL, 16.8 mmol) was added dropwise to the reaction
mixture and it was stirred for 1 h. 1-((tert-Butyldimethylsilyl)oxy)-2-methoxy-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-one (3.99 g, 12.4 mmol) was added to the reaction
mixture and it was stirred for 8 h while warming from -78 °C to room temperature. The
reaction was quenched with water (50 mL) and the layers were partitioned. The aqueous
layer was extracted with EtOAc (3 x 60 mL). The combined organic layers were washed
with brine (60 mL), dried over Na,SO4, and evaporated under reduced pressure. The
crude product was purified by flash chromatography using a pre-packed 100 g silica
column [solvent A: EtOAc; solvent B: hexanes; gradient 7%A / 93%B (1 CV), 7%A /
93%B = 60%A / 40%B (13 CV), 60%A / 40%B (2 CV); flow rate: 100 mL/min;
monitored at 254 and 280 nm] to afford compound 9 (4.57 g, 9.35 mmol, 56%) as a clear

oil. NMR characterization was performed after the next step.

tert-butyl((3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-
4-yl)oxy)dimethylsilane (10)**%
1-((tert-Butyldimethylsilyl)oxy)-2-methoxy-5-(3,4,5-trimethoxyphenyl)-6,7,8,9-

tetrahydro-5H-benzo[7]annulen-5-ol (4.57 g, 9.35 mmol) was dissolved in glacial acetic

acid (50 mL) and the reaction mixture was stirred for 12 h at room temperature. The
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reaction was quenched with water (50 mL), the mixture was evaporated under reduced
pressure, and the residue was dissolved in EtOAc (60 mL) and water (40 mL). The layers
were partitioned, and then the aqueous layer was extracted with EtOAc (3 x 50 mL). The
combined organic layers were washed with brine (50 mL), dried over Na,SO,, and
evaporated under reduced pressure. The crude product was purified by flash
chromatography using a pre-packed 100 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient 7%A / 93%B (1 CV), 7%A / 93%B - 60%A / 40%B (13 CV), 60%A /
40%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford
compound 10 (3.61 g, 7.67 mmol, 82%) as a clear oil.

'H NMR (500 MHz, CDCls) § 6.69 (1H d, J = 8.5 Hz), 6.61 (1H, d, J = 8.4 Hz), 6.48
(2H, s), 6.32 (1H, t, J = 7.3 Hz), 3.85 (3H, s), 3.80 (3H, s), 3.79 (6H, 5), 2.76 (2H, t, J =
6.9 Hz), 2.10 (2H, p, J = 7.1 Hz), 1.95 (2H, q, J = 7.2 Hz), 1.04 (9H, s), 0.23 (6H, 5).

3C NMR (125 MHz, CDCls) 5 152.8, 148.6, 143.0, 141.5, 138.6, 137.2, 133.8, 133.3,

126.9, 122.4, 108.3, 105.2, 60.9, 56.1, 54.6, 33.9, 26.2, 25.6, 24.2, 19.0, 3.8.

tert-butyl((3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-
4-yl)oxy)dimethylsilane (11)%%
tert-Butyl((3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[ 7]annulen-4-
yl)oxy)dimethylsilane (3.61 g, 7.67 mmol) was dissolved in THF (80 mL). TBAF (1M,
9.00 mL, 9.00 mmol) was added dropwise to the reaction mixture and it was stirred for
12 h at room temperature. The reaction was quenched with water (50 mL), the mixture
was evaporated under reduced pressure, and the residue was dissolved in EtOAc (60 mL)

and water (40 mL). The layers were partitioned, and then the aqueous layer was extracted

with EtOAc (3 x 50 mL). The combined organic layers were washed with brine (50 mL),
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dried over Na,SO,, and evaporated under reduced pressure. The crude product was
purified by flash chromatography using a pre-packed 100 g silica column [solvent A:
EtOAC; solvent B: hexanes; gradient 10%A / 90%B (1 CV), 10%A / 90%B - 80%A /
20%B (13 CV), 80%A / 20%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280
nm] to afford compound 11 (2.40 g, 6.73 mmol, 88%) as a white solid.

'H NMR (500 MHz, CDCl3) § 6.71 (1H, d, J = 8.4 Hz), 6.57 (1H, d, J = 8.4 Hz), 6.50
(2H, s), 6.33 (1H, t, J = 7.4 Hz), 3.91 (3H, s), 3.86 (3H, s), 3.80 (6H, s), 2.76 (2H, t, J =
7.0 Hz), 2.14 (2H, p, J = 7.1 Hz), 1.96 (2H, g, J = 7.2 H2).

3C NMR (125 MHz, CDCl3) 6 152.8, 145.0, 142.8, 142.3, 138.5, 137.2, 134.2, 127.7,

127.2, 120.8, 107.6, 105.2, 60.9, 56.1, 55.9, 33.6, 25.7, 23.5.

5-(((3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-
yl)oxy)methyl)-1-methyl-2-nitro-1H-imidazole (13)%10>4%

KGP18 (0.250 g, 0.702 mmol), (1-methyl-2-nitro-1H-imidazol-5-yl)methanol (0.123 g,
0.842 mmol), and DEAD (0.144 mL, 0.913 mmol) were dissolved in CH,Cl, (60 mL) at
room temperature. Triphenylphosphine (0.368 g, 1.40 mmol) was added to the mixture
and the reaction was stirred for 2 d. The reaction was evaporated under reduced pressure.
The crude product was purified by flash chromatography using a pre-packed 50 g silica
column [solvent A: EtOAc; solvent B: hexanes; gradient 10%A / 90%B (1 CV), 10%A /
90%B - 80%A / 20%B (13 CV), 80%A / 20%B (2 CV); flow rate: 50 mL/min;

monitored at 254 and 280 nm] to afford compound 13 (0.143 g, 0.288 mmol, 41%) as

orange crystals.
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'H NMR (500 MHz, CDCl3) 5 6.71 (1H, d, J = 8.4 Hz), 6.57 (1H, d, J = 8.4 Hz), 6.50
(2H, s), 6.33 (LH, t, J = 7.4 Hz), 3.91 (3H, s), 3.86 (3H, 5), 3.80 (6H, 5), 2.76 (2H, t, J =
7.0 Hz), 2.14 (2H, p, = 7.1 Hz), 1.96 (2H, g, J = 7.2 Hz).

13C NMR (125 MHz, CDCl) § 152.8, 145.0, 142.8, 142.3, 138.5, 137.2, 134.2, 127.7,

127.2, 120.8, 107.6, 105.2, 60.9, 56.1, 55.9, 33.6, 25.7, 23.5.

HRMS: m/z: obsd 518.1899 [M+Na]", calcd for CysH2oN30;", 495.2006.

HPLC (Method A): 10.7 min.

5-(1-((3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]Jannulen-4-
yl)oxy)ethyl)-1-methyl-2-nitro-1H-imidazole (15)%1%

KGP18 (0.250, 0.702 mmol), 1-(1-methyl-2-nitro-1H-imidazol-5-yl)ethan-1-ol (0.144 g,
0.842 mmol), and DIAD (0.179 g, 0.913 mmol) were dissolved in CH,Cl, (60 mL) at
room temperature. Triphenylphosphine (0.368 g, 1.40 mmol) was added to the mixture
and the reaction was stirred for 2 d. The reaction was evaporated under reduced pressure.
The crude product was purified by flash chromatography using a pre-packed 50 g silica
column [solvent A: EtOAC; solvent B: hexanes; gradient 10%A / 90%B (1 CV), 10%A /
90%B - 80%A / 20%B (13 CV), 80%A / 20%B (2 CV); flow rate: 50 mL/min;
monitored at 254 and 280 nm] to afford compound 15 (2.18 g, 0.239 mmol, 34%) as
orange crystals.

HRMS: m/z: obsd 532.2054 [M+Na]", calcd for C,7H3;N30;", 509.2162.

HPLC (Method A): 11.5 min.

2-(((3-Methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-

yl)oxy)methyl)-5-nitrothiophene (17)%1%1%
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KGP18 (0.167 g, 0.469 mmol), 5-nitrothiophene-2-carboxaldehyde (0.0896 g, 0.563
mmol), and DIAD (0.124 mL, 0.633 mmol) were dissolved in CH,Cl, (50 mL) at room
temperature. Triphenylphosphine (0.246 g, 0.938 mmol) was added to the mixture and
the reaction mixture was stirred for 2 d. The reaction was evaporated under reduced
pressure. The crude product was purified by flash chromatography using a pre-packed 25
g silica column [solvent A: EtOAc; solvent B: hexanes; gradient 10%A / 90%B (1 CV),
10%A / 90%B > 80%A / 20%B (13 CV), 80%A / 20%B (2 CV); flow rate: 30 mL/min;
monitored at 254 and 280 nm] to afford compound 7 (0.0866 g, 0.174 mmol, 37%) as an

orange oil. The product is still in purification.

(4-Methoxy-3-((5-nitrofuran-2-yl)methoxy)phenyl)(3,4,5-
trimethoxyphenyl)methanone (20)88106

KGP18 (0.300 g, 0.842 mmol), (5-nitrofuran-2-yl)methanol (0.143 g, 1.01 mmol), and
DIAD (0.213 mL, 1.09 mmol) were dissolved in THF (50 mL) at room temperature.
Triphenylphosphine (0.442 g, 1.68 mmol) was added to the mixture and the reaction was
stirred for 3 d. The reaction was evaporated under reduced pressure. The crude product
was purified by flash chromatography using a pre-packed 50 g silica column [solvent A:
EtOAC; solvent B: hexanes; gradient 10%A / 90%B (1 CV), 10%A / 90%B > 80%A /
20%B (13 CV), 80%A / 20%B (2 CV); flow rate: 50 mL/min; monitored at 254 and 280

nm] to afford compound 20 as a crude yellow oil.

(4-methoxy-3-(1-(5-nitrofuran-2-yl)ethoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (21)80106
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KGP18 (0.300 g, 0.842 mmol), 1-(5-nitrofuran-2-yl)ethan-1-ol (0.159 g, 1.01 mmol), and
DIAD (0.213 mL, 1.09 mmol) were dissolved in THF (50 mL) at room temperature.
Triphenylphosphine (0.442 g, 1.68 mmol) was added to the mixture and the reaction was
stirred for 3 d. The reaction was evaporated under reduced pressure. The crude product
was purified by flash chromatography using a pre-packed 50 g silica column [solvent A:
EtOAC; solvent B: hexanes; gradient 10%A / 90%B (1 CV), 10%A / 90%B - 80%A /
20%B (13 CV), 80%A / 20%B (2 CV); flow rate: 50 mL/min; monitored at 254 and 280

nm] to afford compound 21 as crude yellow crystals.

2-(2-((3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]Jannulen-4-
yl)oxy)propan-2-yl)-5-nitrofuran®1%>1%

KGP18 (0.329 g, 0.925 mmol), 2-(5-nitrofuran-2-yl)propan-2-ol (0.190 g, 1.11 mmol),
and ADDP (0.303 mL, 1.20 mmol) were dissolved in THF (50 mL) at room temperature.
Tributylphosphine (0.228 mL, 1.85 mmol) was added to the mixture and the reaction was
stirred for 3 d. The reaction was evaporated under reduced pressure. The crude product
was purified by flash chromatography using a pre-packed 50 g silica column [solvent A:
EtOAC; solvent B: hexanes; gradient 10%A / 90%B (1 CV), 10%A / 90%B - 80%A /
20%B (13 CV), 80%A / 20%B (2 CV); flow rate: 50 mL/min; monitored at 254 and 280

nm]. *H and **C NMR showed no product formation on the resulting fractions, only

starting material.

5-(((2-methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-yl)oxy)methyl)-

1-methyl-2-nitro-1H-imidazole (23)%1%1%
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Oxi 6196 (0.363 g, 1.06 mmol), (1-methyl-2-nitro-1H-imidazol-5-yl)methanol (0.200 g,
1.27 mmol), and DIAD (0.280 mL, 1.43 mmol) were dissolved in THF (70 mL) at room
temperature. Triphenylphosphine (0.557 g, 2.12 mmol) was added and the reaction
mixture was stirred for 2 d. The reaction was evaporated under reduced pressure. The
crude product was purified by flash chromatography using a pre-packed 50 g silica
column [solvent A: EtOAc; solvent B: hexanes; gradient 10%A / 90%B (1 CV), 10%A /
90%B - 80%A / 20%B (13 CV), 80%A / 20%B (2 CV); flow rate: 50 mL/min;
monitored at 254 and 280 nm] to afford compound 23 (1.33 g, 0.371 mmol, 35%) as a
yellow solid.

'H NMR (600 MHz, CDCl3) § 7.14 (1H, s), 6.85 (1H, d, J = 8.5 Hz), 6.69 (1H, d, J = 8.5
Hz), 6.54 (2H, s), 5.97 (1H, t, J = 4.6 Hz), 5.01 (2H, s), 4.24 (3H, s), 3.89 (3H, s), 3.85
(3H, s), 3.85 (6H, s), 2.76 (2H, t, J = 7.9 Hz), 2.31 (2H, td, J = 7.8, 4.6 Hz).

3C NMR (151 MHz, acetone d-6) 5 153.3, 152.1, 143.3, 139.5, 137.7, 136.3, 134.5,
130.7,128.7, 128.5, 124.9, 122.2, 109.2, 106.1, 62.7, 59.7, 55.5, 55.1, 34.0, 22.6, 20.9.
HRMS: m/z: obsd 482.1921 [M+H]", calcd for C5H27N307", 481.1849.

HPLC (Method A): 7.3 min.

5-(1-((2-methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-yl)oxy)ethyl)-
1-methyl-2-nitro-1H-imidazole (24)810°106

0xi6196 (0.200 g, 0.585 mmol), 1-(1-methyl-2-nitro-1H-imidazol-5-yl)ethan-1-ol (0.120
g, 0.702 mmol), and DIAD (0.150 mL, 0.761 mmol) were dissolved in THF (60 mL) at
room temperature. Triphenylphosphine (0.307 g, 1.17 mmol) was added to the reaction
mixture and it was stirred for 2 d. The reaction was evaporated under reduced pressure.

The crude product was purified by flash chromatography using a pre-packed 50 g silica
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column [solvent A: EtOAc; solvent B: hexanes; gradient 10%A / 90%B (1 CV), 10%A /
90%B > 79%A / 21%B (13 CV), 79%A / 21%B (2 CV); flow rate: 50 mL/min;
monitored at 254 and 280 nm] to afford compound 24 (0.0694 g, 0.140 mmol, 24%) as a
yellow solid.

'H NMR (600 MHz, CDCl3) & 7.14 (1H, s), 6.77 (1H, d, J = 8.5 Hz), 6.62 (1H, d, J = 8.6
Hz), 6.47 (2H, s), 5.91 (1H, t, J = 4.6 Hz), 5.53 (1H, g, J = 6.6 Hz), 4.11 (3H, s), 3.82
(3H, s), 3.79 (3H, ), 3.78 (6H, s), 2.69 (2H, td, J = 9.3, 8.9, 6.8 Hz), 2.27 — 2.14 (2H, m),
1.61 (2H, d, J = 6.6 Hz).

3C NMR (126 MHz, acetone d-6) 5 153.3, 152.0, 141.6, 139.6, 138.8, 137.6, 136.3,
131.6,128.7, 126.3, 125.0, 122.0, 109.2, 106.0, 68.9, 59.7, 55.5, 55.1, 34.1, 22.6, 21.7,
17.6.

HRMS: m/z: obsd 496.2077 [M+H]", calcd for CsH29N307", 495.2006.

HPLC (Method A): 10.0 min.

2-(2-((2-methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-
yl)oxy)propan-2-yl)-5-nitrothiophene (26)%8%51%

0xi6196 (0.200 g, 0.584 mmol), 2-(5-nitrothiophen-2-yl)propan-2-ol (0.131 g, 0.701
mmol), and ADDP (0.192 mmol, 0.759 mmol) were dissolved in THF (50 mL) at room
temperature. Tributylphosphine (0.241 mL, 0.975 mmol) was added drop-wise and the
reaction mixture was stirred for 2 d. The reaction was then evaporated under reduced
pressure. The crude product was purified by flash chromatography using a pre-packed 25
g silica column [solvent A: EtOAc; solvent B: hexanes; gradient 10%A / 90%B (1 CV),
10%A / 90%B - 80%A / 20%B (13 CV), 80%A / 20%B (2 CV); flow rate: 75 mL/min;

monitored at 254 and 280 nm] to yield a crude product. The crude product was then
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dissolved in CH,ClI; (40 mL). Triethylamine (0.240 mL, 1.75 mmol), DMAP (0.0710 g,
0.584 mmol), and tert-butyldimethylsilyl chloride (0.106 g, 0.701 mmol) were added to
the reaction and it was stirred for 12 h. The reaction was quenched with water (40 mL)
and then the layers were partitioned. The aqueous layer was extracted with CH,Cl, (3 x
30 mL). The combined organic layers were washed with brine (40 mL), dried over
Na,SO4, and evaporated under reduced pressure. The crude product was purified by flash
chromatography using a pre-packed 50 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient 10%A / 90%B (1 CV), 10%A / 90%B - 80%A / 20%B (13 CV),
80%A / 20%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford
compound 26 (0.122 g, 0.239 mmol, 41%) as an orange solid.

'H NMR (600 MHz, acetoned-6) 7.87 (1H, d, J = 4.3 Hz), 7.03 (1H, d, J = 4.3 Hz), 6.70
(1H, d, J = 8.4 Hz), 6.58 (2H, s), 6.54 (1H, d, J = 8.4 Hz), 5.95 (1H, t, J = 4.7 Hz), 3.82
(3H, s), 3.80 (6H, ), 3.75 (3H, 5), 2.81 (2H, t, J = 7.9 Hz), 2.30 (2H, td, J = 7.9, 4.7 Hz),
1.63 (6H, s).

3C NMR (126 MHz, acetone d-6) & 166.2, 153.1, 146.6, 142.5, 139.9, 137.5, 136.8,
129.3,128.6, 124.5,122.4, 121.4, 117.1, 107.8, 106.1, 70.9, 59.7, 55.5, 55.3, 31.4, 31.3,
22.7, 20.2.

HPLC (Method A): 7.0 min.

Methyl N-formyl-N-methylglycinate (28)"%’

Sarcosine methyl ester « HCI (16.0 g, 155 mmol) and potassium carbonate (16.4 g, 119
mmol) were dissolved in ethanol (80 mL) at room temperature. Ethyl formate (68 mL,
842 mmol) was added and the reaction was stirred for 18 h. The reaction was filtered

through a frit funnel, the residue was rinsed with EtOAc (3 x 70 mL), and the combined
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organic layers were evaporated under reduced pressure. Water (70 mL) and EtOAc (100
mL) were added to the residue and the layers were partitioned. The aqueous layer was
extracted with EtOAc (3 x 60 mL). The combined organic fractions were washed with
brine (80 mL), dried with Na,SO,, and evaporated under reduced pressure. After
evaporation, methyl N-formyl-N-methylglycinate (24) (15.5 g, 118 mmol, 76%) was
recovered as a pale tan oil. [product left in crude state, taken on to next reaction with no

further purification]

Sodium (E)-3-methoxy-2-(N-methylformamido)-3-oxoprop-1-en-1-olate (29)*°

Methyl N-formyl-N-methylglycinate (22.0 g, 183 mmol) was dissolved in ethyl formate
(106 mL, 1.08 mol) at 0 °C. Sodium hydride (60% in mineral oil, 9.07 g, 219 mmol) was
added to the reaction mixture in several small aliquots over 30 minutes, and the reaction
was stirred for 12 h. The reaction mixture was triturated with hexanes (2 x 100 mL) in a
frit funnel, and then the solid was dried by vacuum overnight to yield sodium €-3-
methoxy-2-(N-methylformamido)-3-oxoprop-1-en-1-olate (29) (18.0 g, 117 mmol, 64%)

as an off-white powder. [crude product taken to next step]

Ethyl 2-amino-1-methyl-1H-imidazole-5-carboxylate (30)*%

Sodium (E)-3-methoxy-2-(N-methylformamido)-3-oxoprop-1-en-1-olate (0.507 g, 3.29
mmol) was dissolved in ethanol (8 mL) and concentrated HCI (3.5 mL). The reaction
mixture was refluxed for 1 h. The reaction was then cooled to room temperature and the
mixture was filtered through a frit funnel. The solid residue was rinsed with methanol (2
x 40 mL) and the combined organic layers were evaporated under reduced pressure.

Water (30 mL) and CH,Cl, (30 mL) were added to the residue and the layers were
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partitioned. The aqueous layer was extracted with CH,Cl, (3 x 10 mL). The combined
organic layers were then washed with saturated sodium bicarbonate (1 x 20 mL), dried
over Na,SO,, and evaporated under reduced pressure to yield a thick brown oil. The oil
was then dissolved in 10 % acetic acid in water (20 mL). Cyanamide ( 0.230 g, 5.47
mmol) and sodium acetate (0.596 g, 7.26 mmol) were dissolved in the reaction mixture
and it was refluxed for 1 h. The reaction was then allowed to cool to room temperature
and evaporated under reduced pressure to one half of its original volume. The reaction
was then neutralized to pH 9 with sodium carbonate. The layers were partitioned and the
aqueous layer was extracted with EtOAc (5 x 20 mL). The combined organic layers were
washed with brine (1 x 30 mL), dried over Na,SO,, and evaporated under reduced

pressure. Recrystallization was attempted on the residue, but no product was obtained.

1-(1-methyl-2-nitro-1H-imidazol-5-yl)ethan-1-one (32)'%%%
1-(1-methyl-2-nitro-1H-imidazol-5-yl)ethan-1-ol (0.920 g, 5.38 mmol) was dissolved in
CHCl, (80 mL) at room temperature. DMP (2.74 g, 6.46 mmol) was added to the
mixture and the reaction was stirred for 1 h. Saturated solutions of NaHCOj3 (30 mL) and
sodium thiosulfate (30 mL) were added to the reaction mixture, which was extracted with
EtOAc (3 x 30 mL). The combined organic layers were dried over Na,SO, and filtered,
and the solvent was removed under reduced pressure. Purification by flash
chromatography using a prepacked 25 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 12%A / 88%B (1 CV), 12%A / 88%B — 100%A / 0%B (10 CV),
100%A / 0%B (2 CV); flow rate: 75 mL/min; monitored at 254 and 280 nm] afforded

compound 32 (0.810 g, 4.79 mmol, 89%) as a yellow solid.

'H NMR (500 MHz, CDCls) § 7.76 (1H, s), 4.29 (3H, s), 2.57 (3H, s).
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3C NMR (125 MHz, CDCls) & 189.0, 135.5, 132.0, 68.5, 35.6, 28.4.

(2)-3-methoxy-2-((2-(5-nitrothiophen-2-yl)propan-2-yl)oxy)-6-(3,4,5-
trimethoxystyryl)phenyl 4-methylbenzenesulfonate (38)%10°10¢
(2)-2-hydroxy-3-methoxy-6-(3,4,5-trimethoxystyryl)phenyl 4-methylbenzenesulfonate
(0.480 g, 0.986 mmol), 2-(5-nitrothiophen-2-yl)propan-2-ol (0.222 g, 1.18 mmol), and
ADDP (0.280 g, 1.11 mmol) were dissolved in THF (50 mL) at room temperature.
Tributylphosphine (0.406 mL, 1.65 mmol) was added to the reaction mixture drop-wise

and the reaction was stirred for 5 d. The reaction was evaporated under reduced pressure.

TLC and crude NMR analysis confirmed no product was generated.
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APPENDIX A

Supporting Information: Bioreductively Activatable Prodrug Conjugates of Phenstatin
Designed to Target Tumor Hypoxia

This appendix is published as supporting information: Blake A. Winn*, Zhe Shi*, Graham
J. Carlson®, Yifan Wang®, Benson L. Nguyen®*, Evan M. Kelly*, R. David Ross IV,
Ernest Hamel?, David J. Chaplin®®, Mary L. Trawick'", Kevin G. Pinney'” Bioreductively
Activatable Prodrug Conjugates of Phenstatin Designed to Target Tumor Hypoxia.
Bioorganic and Medicinal Chemistry Letters, 2016 (available online):
http://dx.doi.org/10.1016/j.bmcl.2016.11.093

The author Blake A. Winn contributed to this manuscript through the synthesis of all
eleven final compounds including characterization, which included proton and carbon
NMRs, HPLC, and HRMS. In addition, Blake A. Winn contributed a significant amount
to the writing and editing of the manuscript, as well as the preparation of the supporting
data. Zhe Shi contributed through the preparation of the supporting data as well as the
synthesis of the nitroimidazole and nitrofuran triggers. Graham Carlson contributed
through the synthesis of phenstatin and the phenstatin BAPCs 12, 13, 31, and 32. Evan
Kelly contributed through the synthesis of phenstatin and the synthesis of phenstatin
BAPCs 20-22. David Ross contributed through the synthesis of phenstatin. Benson
Nguyen contributed through developing the original Pinney Research Group route to
phenstatin and the initial synthesis of phenstatin BAPC 14. Ernest Hamel contributed
through the preliminary biological evaluation of the phenstatin BAPCs ability to inhibit
tubulin polymerization and compete for the colchicine binding site. Yifan Wang
contributed through the preliminary biological evaluation of the enzymatic cleavage of

the phenstatin BAPCs by POR and the hydrolysis of the phenstatin BAPCs.
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Schemes

o o
H;CO H;CO
0 : SAe
H;CO OCH;, o R' H,CO OCH,4
OCH; OH R2 OCH;, O.__R!
16: R'=H, R?2=CH, R2
6 18: R'=R?=CH, 20-22
19:R'=R?2=H
NO,
NO,
16,18.19
(a) cmpd 20: DIAD, P(Ph)s, CH,Cl,, cmpd 19, 1t, 2 d, 65% (R'= R%= H);
cmpd 21: DIAD, P(Ph)s, CH,Cl,, cmpd 16, rt, 2 d, 43% (R" = H, R?= CHg);
cmpd 22: ADDP, P(Bu);, CH,Cl,, cmpd 18, rt, 2 d, 23% (R" = R? = CHj3);
Scheme S1. Synthesis of the Phenstatin Nitrobenzyl BAPCs®**°
O._H HO._ _CH, O.__CH, Ho. CHs
CH,
MeLi, TiCly MeLi, TiCl,
-78 °C to rt, -78 °C tort,
NO, EtO,12h,78% No, No, EtO,12h 37% \
15 16 17 18

Scheme S2. Synthesis of the Nitrobenzyl Triggers®:
Mono-methyl nitrobenzyl trigger 16 and gem-dimethyl trigger 18 were synthesized

through methylation of aldehyde 15 and ketone 17, respectively.>

o o

H,CO H,CO
9Re d 9Re
H;CO OCH3 R! R2CHs H,CO OCH;,
OCH OH \ R
? Ho>§(\\ND/N02 28:R'=R2=H OCH, 0 R2
N 30: R"=H,R%2=CH;
6 31,32 Z “N-CHs
28,30 ’ N=(

NO
(a) cmpd 31: DEAD, P(Ph)s, CH,Cl,, cmpd 28, rt, 24 h, 48% (R' = R2= H); 2
cmpd 32: DIAD, P(Ph)s, CH,Cl,, cmpd 30, rt, 2 d, 32% (R' = H, R?= CH,);

Scheme S3. Synthesis of the Phenstatin Nitroimidazole BAPCs®*®°
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H H
N Mg HooOELTHE E{OH. HCl _N
OEt - =L T OEt
NaH, 3 h, rt | OEt 90°C. 2 h |
HCI ; o
OH
23 24 25 | EtOH, H,0, NH,CN,
pH 3,100°C, 1.5h
45% (over 3 steps)
1) NaOH, H,0, 12 h, rt
C,:H?a 2) Isobutylchloroformate, 9”3 (I:H3
N N N
NO,  EtsN, THF, 1h, rt EtOOC NO, . NaNO, AcOH, giooc NH
2
HO/\<\;,{7/ 3) NaBH,, H,O/THF, \&3/ HO, rt, 4 h \&'{T
1h, 0°C, 71% (overall) 27 63%
26
DMP, CH,Cl,,
i, 1h, 98%

CH
CHqlLi, TiCl,,  HsC '3

NO, __~'3%h '~4 N
o/\<_7/ T EWO, THF, o)\&E/NOZ

-78°C, 41%
30

Scheme S4. Synthesis of the Nitroimidazole Triggers®-**

In a three step process, sarcosine ethyl ester HCI was first formylated, then deformylated,
and cyclized in order to generate ester 26 in reasonable yield over the three steps.*®*’ The amine
26 was oxidized to nitro ester 27, which was hydrolyzed and then reacted with
isobutylchloroformate to form a carbonate, which was subsequently reduced to the nor-methyl
nitroimidazole trigger 28.%" Alcohol 28 was then oxidized to aldehyde 29 upon treatment with

DMP.**%7 Finally, aldehyde 29 was methylated to yield the mono-methy! nitroimidazole trigger

1,56,57
30.5 S6,S
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CH,

CH,

CH
Ho M o § . cH; §
. 8 CHiLi, THF, HsC N
NO, NO, NO,
Hsc)\&'?/ CH,Cl, rt, 89% Hsc»\&,{r 0°C, 2h VAN HOH'?/
30 41 42
CH, ch, CHs
2 CHLi, TiCl, HiC

N
NO,

41

N/
Et,0,-78°C,2h /\

N
HO  \\ ,{T

42

o & Zn(CHy) e CHs EH3
n 3
N7/N02 3)2 X %»/Noz
Hc”  \ '{l THF, -78 °C, 2h HO N
41 42
lo) (1:H3 ) CH3 9H3
N CuLi(CH3), H3C N_ No
7/N02 S \ »/ 2
H¢”  \ ’{l THF, -78 °C, 2h HO K
CH CH
o | 3 CH31 3
N7/N02 Al(CH;)3 \/ H;C N _No,
e\ THF,-78°C,2h /\ oo\ '37/
41 42
CH CH,3
0 | 3 CH3|
HsC
N7/N°‘ CH;MgBr 3 N7/N02
e\ /] THF, -78 °C, 2h HO" 1\ [
41 42

Scheme S5. Attempted Methylation of Nitroimidazole Ketone®"*®

The oxidation of the mono-methyl nitroimidazole 30 yielded the ketone 41. Several
methylation methods were attempted on the nitroimidazole ketone 41 to generate the gem-
dimethyl nitroimidazole 42, but each method attempted only returned starting material. While the
gem-dimethyl nitroimidazole trigger has been previously reported in the literature, only one (to
the best of our knowledge) of the known reports (from among a very limited sub-set) provided a
synthetic protocol®, and in an effort to avoid the large scale use of KCN and picric acid, we did

not utilize this procedure.>*"’
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Experimental Procedure

General Experimental Procedures.>*®** CH,Cl, and tetrahydrofuran (THF)
were used in their anhydrous forms, as obtained from the chemical suppliers. Reactions
were performed under an inert atmosphere using N». Thin-layer chromatography (TLC)
plates (precoated glass plates with silica gel 60 F254, 0.25 mm thickness) were used to
monitor reactions. Purification of intermediates and products was carried out with a flash
purification system using silica gel (200-400 mesh, 60 A) or RP-18 prepacked columns.
Intermediates and products synthesized were characterized on the basis of their ‘H NMR
(500 MHz) and **C NMR (125 MHz) spectroscopic data. TMS was used as an internal
standard for spectra recorded in CDCls. All the chemical shifts are expressed in ppm (9),
coupling constants (J) are presented in Hz, and peak patterns are reported as broad (br),
singlet (s), doublet (d), doublet of doublets (dd) triplet (t), quartet (q), septet (sept), and
multiplet (m). HRESIMS were obtained using positive or negative electrospray ionization
(ESI) techniques using a Thermo Scientific LTQ OrbitrapDiscovery instrument. Purity of
the final compounds was further analyzed at 25 °C using an Agilent 1200 HPLC system
with a diode-array detector (A = 190-400 nm), a Zorbax XDB-C18 HPLC column (4.6
mm x 150 mm, 5 pm), and a Zorbax reliance cartridge guard-column. Flow rate 1.0
mL/min; injection volume 20 pl; monitored at 254 nm, 300 nm, 320 nm. Two different
HPLC gradients were used for purity analysis; Method A: water/acetonitrile, gradient
10:90 to 90:10 from 0 to 25 min and isocratic 90:10 from 25 to 30 min; Method B:
water/acetonitrile, gradient 50:50 to 90:10 from 0 to 25 min and isocratic 90:10 from 25

to 30 min (note: 4-dimethylaminopyridine is abbreviated DMAP, ethyl acetate is
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abbreviated EtOAc, N,N-dimethylformamide is abbreviated DMF, and chloroform-d is

abbreviated CDCl5).

3-((tert-Butyldimethylsilyl)oxy)-4-methoxybenzaldehyde (2):> Isovanillin (2.01 g,
13.2 mmol), triethylamine (4.00 mL, 28.5 mmol), and DMAP (0.045 g, 0.37 mmol) were
dissolved in dry CH,CI, (60 mL). tert-Butyldimethylsilyl chloride (2.214 g, 14.7 mmol)
was added to the reaction mixture, which was stirred for 12 h. The reaction was quenched
with water, extracted with diethyl ether (Et,O), which was washed with water and brine,
dried with Na,SQO4, and evaporated under reduced pressure. Flash chromatography of the
crude product using a prepacked 100 g silica column [eluents: solvent A, EtOAc; solvent
B, hexanes; gradient, 10% A/90% B (1 CV), 10% A/90% B > 27% A/73% B (10 CV),
27% Al73% B over (2 CV); flow rate 40.0 mL/min; monitored at 254 and 280 nm]
yielded 3-((tert-butyldimethylsilyl)oxy)-4-methoxybenzaldehyde (2) (3.17 g, 11.9 mmol,

90%) as a yellow oil.

'H NMR (500 MHz, CDCls) § 9.82 (1H, s), 7.49 (1H, dd, J = 8,5 Hz, J = 2 Hz), 7.37

(1H, d, J = 2 Hz), 6.96 (1H, d, J = 8.5 Hz), 3.90 (3H, s), 1.00 (9H, s), 0.17 (6H, 3).

3C NMR (125 MHz, CDCls) & 190.9, 156.6, 145.3, 130.2, 126.3, 120.0, 111.1, 55.6,

25.6, 18.4, -4.6.

(3-((tert-Butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-
trimethoxyphenyl)methanol (4): 1-Bromo-3,4,5-trimethoxybenzene (1.81 g, 7.31

mmol) was dissolved in dry THF (60 mL) in a dry ice/acetone bath (-78 °C). n-
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Butyllithium (2.8 mL, 7.0 mmol, 2.5 M) was added dropwise to the reaction mixture,
which was stirred for 30 min. 3-((tert-Butyldimethylsilyl)oxy)-4-methoxybenzaldehyde
(2.00 g, 7.50 mmol) dissolved in dry THF (20 mL) was added dropwise, and the reaction
mixture was stirred for 5 h. The reaction was quenched with water, acidified to pH 7 with
3 M HCI, extracted with Et,0, washed with water and brine, dried with Na,SO,, and
evaporated under reduced pressure. Flash chromatography of the crude product using a
prepacked 100 g silica column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient,
10% A/90% B (1 CV), 10% A/90% B -> 80% A/20% B (10 CV), 80% A/20% B over (2
CV); flow rate 40.0 mL/min; monitored at 254 and 280 nm] yielded (3-((tert-
butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-trimethoxyphenyl)methanol (4) as a
pale yellow oil (2.02 g, 4.65 mmol, 62%) [1.58 g, 3.63 mmol, 48%, corrected for

EtOAcC].

'H NMR (500 MHz, CDCls) & 6.89 (2H, m), 6.80 (1H, d, J = 8.5 Hz), 6.57 (2H, d, J =
4.5 Hz), 5.24 (1H, d, J = 4.5 Hz), 3.81 (3H, s), 3.77 (9H, s), 0.94 (9H, d, J = 3.5 Hz), 0.11

(6H, d, J = 2.5 Hz).

3C NMR (125 MHz, CDCls) § 153.0, 150.3, 144.7, 140.0, 136.5, 119.9, 119.4, 111.8,

103.4, 75.5, 60.7, 55.9, 55.5, 25.7, 18.4, -4.6.

(3-((tert-Butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-
trimethoxyphenyl)methanone (5):3° (3-((tert-Butyldimethylsilyl)oxy)-4-
methoxyphenyl)(3,4,5-trimethoxyphenyl)methanol (3.00 g, 6.90 mmol), Celite (2.45 g),
and potassium carbonate [K,COs] (2.46 g, 17.8 mmol) were dissolved in dry CH,ClI, (130

mL) in an ice bath (0 °C). Pyridinium chlorochromate [PCC] (1.52 g, 7.04 mmol) was
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added in small increments and the reaction mixture was stirred for 18 h. The reaction
mixture was filtered with CH,CI, in a frit funnel containing a 50/50 mixture of Celite and
silica gel and then evaporated under reduced pressure. Flash chromatography of the crude
product using a prepacked 100 g silica column [eluents: solvent A, EtOAc; solvent B,
hexanes; gradient, 10% A/90% B (1 CV), 10% A/90% B - 45% A/55% B (10 CV), 45%
A/55% B (2 CV); flow rate 40.0 mL/min; monitored at 254 and 280 nm] yielded (3-
((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-trimethoxyphenyl)methanone (5)

(2.79 g, 4.14 mmol, 60%) as a yellow oil.

IH NMR (500 MHz, CDCls) & 7.40 (1H, d, J = 8 Hz), 7.33 (1H, ), 6.99 (2H, s), 6.87

(1H, d, J = 8.5 Hz), 3.88 (3H, s), 3.84 (3H, 5), 3,83 (6H, 5), 0.96 (9H, 5), 0.14 (6H, 3).

3C NMR (125 MHz, CDCl3) & 194.5, 154.9, 152.7, 144.6, 141.5, 133.3, 130.4, 125.3,

122.3, 110.7, 107.4, 60.9, 56.2, 55.5, 25.6, 18.4, -4.6.

Phenstatin (6):3 (3-((tert-Butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-
trimethoxyphenyl)methanone (3.59 g, 8.31 mmol) was dissolved in dry THF (100 mL).
Tetrabutylammonium fluoride trihydrate (3.93 g, 12.5 mmol) was added, and the reaction
mixture was stirred for 18 h. The reaction was quenched with water, acidified to pH 7
with 3 M HCI, and extracted with EtOAc, which was dried with Na,SO,, and evaporated
under reduced pressure. Flash chromatography of the crude product using a prepacked
100 g silica column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 12%
A/88% B over 1.19 min (1 CV), 12% A/88% B - 99% A/1% B over 13.12 min (10 CV),
99% A/1% B over 2.38 min (2 CV); flow rate 40.0 mL/min; monitored at 254 and 280

nm] yielded phenstatin (6) (2.06 g, 6.47 mmol, 78%) as a white solid.
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'H NMR (500 MHz, CDCls) & 7.42 (1H, s), 7.37 (1H, d, J = 8.5 Hz). 7.01 (2H, s), 6.90

(1H, d, J = 8 Hz), 3.94 (3H, ), 3.90 (3H, 5), 3.85 (6H, 5).

3C NMR (125 MHz, CDCls3) & 194.7, 152.8, 150.2, 145.3, 141.6, 133.1, 131.0, 123.7,

116.2, 109.7, 107.5, 61.0, 56.3, 56.1.
HRMS [M+Na]": 341.0997 (calcd for [C17H1306Na]", 341.1103).

HPLC retention time (Method A): 15.35 min [97.1% at 254 nm].

(5-Nitrothiophen-2-yl)methanol (8):3* 5-Nitrothiophene-2-carboxaldehyde (1.00 g, 6.38
mmol) was dissolved in dry methanol (20 mL) in an ice bath (0 °C). NaBH, (0.270 g,
7.14 mmol) was added, and the reaction mixture was stirred for 2 h. Ice was added and
the solution was acidified to pH 7 with 3 M HCI. The reaction mixture was extracted with
EtOAc, dried with Na,SO4, and evaporated under reduced pressure. Flash
chromatography of the crude product using a prepacked 50 g silica column [eluents:
solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B (1 CV), 10% A/90% B -
65% A/35% B (10 CV), 65% A/35% B (2 CV); flow rate 50.0 mL/min; monitored at 254
and 280 nm] yielded alcohol 8 (0.914 g, 5.74 mmol, 90%) as a brown oil.

'H NMR (500 MHz, CDCl3) § 7.84 (1H, d, J = 4.1 Hz), 6.95 (1H, dt, J = 4.1, 1.0 Hz),
4.90 (2H, d, J = 5.2 Hz), 2.15 (1H, t, J = 5.8 Hz).

13C NMR (126 MHz, CDClg) & 154.0, 150.6, 129.0, 123.5, 60.2.

1-(5-Nitrothiophen-2-yl)ethan-1-ol (9):>* TiCl, (7.84 g, 41.3 mmol) was added slowly

dropwise into Et,O (80 mL) at -78 °C, after which methyllithium (1.6 M, 25.8 mL, 41
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mmol) was added drop-wise, and the reaction mixture was stirred for 1.5 h. 5-Nitro-2-
thiophenecarboxaldehyde (5.00g, 31.8 mmol) was dissolved in Et,O (120 mL) and added
dropwise to the reaction mixture, which was stirred (12 h). H,O (50 mL) was used to
quench the reaction. The layers were partitioned, and the residue was extracted with
EtOAc (6 x 40 mL). The combined extracts were washed with brine, dried over Na,SOy,
filtered, and concentrated under reduced pressure. The crude product was purified by
flash column chromatography using a pre-packed 100 g silica column [solvent A: EtOACc;
solvent B: hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 73%A / 27%B
(13 CV), 73%A | 271%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm]

affording alcohol 9 (4.95 g, 28.6 mmol, 90%) as a dark brown oil.

'H NMR (600 MHz, CDCl3) 5 7.82 (1H, d, J = 4.2 Hz), 6.91 (1H, dd, J = 4.2, 1.0 Hz),

5.14 (1H, qd, J = 6.4, 1.0 Hz), 2.14 (1H, s), 1.64 (3H, d, J = 6.5 H2).

13C NMR (125 MHz, CDCls) § 160.0, 149.9, 129.1, 122.2, 66.3, 25.1.

1-(5-Nitrothiophen-2-yl)ethan-1-ol (9) [Alternate Route]: 5-Nitro-2-
thiophenecarboxaldehyde (1.00 g, 6.36 mmol) was dissolved in CH,Cl, (50 mL) at 0 °C.
Trimethylaluminum (2 M, 5.30 mL, 10.6 mmol) was added dropwise, and the reaction
mixture was stirred for 2 h. The reaction was quenched with HCI (1 M, 40 mL) and the
layers were partitioned. The residue was extracted with CH,Cl; (3 x 30 mL), and the
combined organic phase was washed with brine (40 mL), dried over Na,SO,, and
evaporated under reduced pressure. The crude product was purified by flash column
chromatography using a pre-packed 100 g silica column [solvent A: EtOAc; solvent B:

hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 70%A / 30%B (13 CV),
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70%A / 30%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] affording

alcohol 11 (1.01 g, 5.85 mmol, 92%) as yellow-orange crystals.

1-(5-Nitrothiophen-2-yl)ethan-1-one (10): 2-(1-Hydroxyethyl)-5-nitrothiophene (1.04
g, 6.00 mmol) was dissolved in 70 mL CH,CI, at rt. Dess-Martin periodinane (3.82 g,
9.00mmol) was added in portions to the solution, and the reaction mixture was stirred (1
h). Saturated solutions of sodium thiosulfate (50 mL) and NaHCO3 (50 mL) were used to
quench the reaction mixture. The layers were partitioned, and the residue was extracted
with EtOAc (4 x 30 mL). The combined extracts were washed with brine, dried over

Na SOy, filtered, and concentrated under reduced pressure. The crude product was
purified by flash chromatography using a pre-packed 100 g silica column [solvent A:
EtOAc; solvent B: hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 80%A /
20%B (13 CV), 80%A / 20%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280

nm] affording ketone 10 (0.873 g, 5.10 mmol, 90%) as yellow-orange crystals.

'H NMR (600 MHz, CDCls) 6 7.89 (1H, d, J=4.3 Hz), 7.58 (1H, d, J=4.3 Hz), 2.60 (3H,
S).

3C NMR (151 MHz, CDCls) & 190.35, 156.47, 148.16, 130.06, 128.28, 26.61.

2-(5-Nitrothiophen-2-yl)propan-2-ol (11):3! TiCl, (3.62 g, 19.1 mmol) was slowly
added dropwise into Et,O (80 mL) at -78 °C, after which methyllithium (1.6 M, 11.9 mL,
19 mmol) was added dropwise, and the reaction mixture was stirred for 1.5 h. 2-Acetyl-5-
nitrothiophene (2.50 g, 14.7 mmol) was dissolved in Et,O (140 mL) and added dropwise
to the reaction mixture, which was stirred (12 h). H,O (50 mL) was used to quench the
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reaction mixture. The layers were partitioned, and the residue was extracted with

EtOAc (6 x 40 mL). The combined extracts were washed with brine, dried over Na,SOy,
filtered, and concentrated under reduced pressure. The crude product was purified by
flash column chromatography using a pre-packed 100 g silica column [solvent A: EtOACc;
solvent B: hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 70%A / 30%B
(13 CV), 70%A / 30%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm]

affording alcohol 11 (1.61 g, 8.60 mmol, 45%) as a dark orange oil.

'H NMR (600 MHz, CDCl3) & 7.80 (1H, d, J = 4.2 Hz), 6.89 (1H, d, J = 4.2 Hz), 1.69

(6H, s).

13C NMR (151 MHz, CDCls) & 163.46, 150.04, 128.76, 121.26, 71.92, 32.08.

2-(5-Nitrothiophen-2-yl)propan-2-ol (11) [Alternate Route]: 2-Acetyl-5-
nitrothiophene (0.500 g, 2.92 mmol) was dissolved in CH,Cl, (20 mL) at 0 °C.
Trimethylaluminum (2 M, 2.42 mL, 4.85 mmol) was added dropwise, and the reaction
mixture was stirred for 2 h. The reaction was quenched with HCI (1 M, 30 mL), and the
layers were partitioned. The residue was extracted with CH,Cl; (3 x 20 mL), and the
combined organic extracts were washed with brine (20 mL), dried over Na,SQO,, and
evaporated under reduced pressure. The crude product was purified by flash column
chromatography using a pre-packed 50 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 10%A / 90%B (1 CV), 10%A / 90%B — 70%A / 30%B (13 CV),
70%A / 30%B (2 CV); flow rate: 50 mL/min; monitored at 254 and 280 nm] affording

alcohol 11 (0.365 g, 2.13 mmol, 73%) as bright orange crystals.
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(4-Methoxy-3-((5-nitrothiophen-2-yl)methoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (12):3*° Phenstatin (0.405 g, 1.27 mmol), DIAD (0.289
g, 1.43 mmol), and (5-nitrothiophen-2-yl)methanol (0.454 g, 2.85 mmol) were dissolved
in dry CH,Cl, (40 mL). Triphenylphosphine (0.574 g, 2.19 mmol) was added, and the
reaction mixture was stirred for 2 d. The reaction was quenched with water (30 mL) and
extracted with EtOAc (3 x 30 mL), which was dried with Na,SO,4 and evaporated under
reduced pressure. Flash chromatography of the crude product using a prepacked 50 g
silica column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 17% A/83% B (1
CV), 17% A/83% B > 100% A/0% B (10 CV), 100% A/0% B (2 CV); flow rate 35.0
mL/min; monitored at 254 and 280 nm] vyielded (4-methoxy-3-((5-nitrothiophen-2-
yl)methoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (12) (0.198 g, 0.431 mmol, 34%)

as a brown solid.

'H NMR (500 MHz, CDCls) & 7.83 (1H, d, J = 4.5 Hz), 7.51 (1H, d, J = 1.5 Hz), 7.49
(1H, dd, J = 8 Hz, J = 1.5 Hz), 7.06 (1H, d, J = 4.5), 6.99 (2H, ), 6.97 (1H, d, J = 8.5

Hz), 5.33 (2H, s), 3.98 (3H, 5), 3.93 (3H, 5), 3.87 (6H, 3).

3C NMR (125 MHz, CDCly) § 194.3, 153.7, 152.8, 147.7, 146.9, 141.7, 133.0, 130.2,

128.4, 126.6, 125.2, 115.5, 110.6, 107.4, 66.3, 61.0, 56.3, 56.2.
HRMS [M+Na]*: 482.0880 (calcd for [C22H2NNaOgS]*, 482.0880).

HPLC retention time (Method B): 9.10 min [95.1% at 254 nm].

(4-Methoxy-3-(1-(5-nitrothiophen-2-yl)ethoxy)phenyl)(3,4,5-
trimethoxyphenyl)methanone (13):3*% Phenstatin (0.407 g, 1.28 mmol), DIAD (0.294
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g, 1.45 mmol), and 1-(5-nitrothiophen-2-yl)ethanol (0.505 g, 2.92 mmol) were dissolved
in dry CH,Cl, (40 mL). Triphenylphosphine (0.558 g, 2.13 mmol) was added, and the
reaction mixture was stirred for 2 d. The reaction was quenched with water and extracted
with EtOAc, which was dried with Na,SO,4 and evaporated under reduced pressure. Flash
chromatography of the crude product using a prepacked 25 g silica column [eluents:
solvent A, EtOAC; solvent B, hexanes; gradient, 15% A/85% B (1 CV), 15% A/85% B -
100% A/0% B (10 CV), 100% A/0% B (2 CV); flow rate 20.0 mL/min; monitored at 254
and 280 nm] vyielded (4-methoxy-3-(1-(5-nitrothiophen-2-yl)ethoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (13) (0.179 g, 0.378 mmol, 30%) as a tan yellow solid.

'H NMR (500 MHz, CDCls) § 7.77 (1H, d, J = 4.2 Hz), 7.48 (1H, dd, J = 8.4, 2.0 Hz),
7.45 (1H, d, J = 2.0 Hz), 6.99 — 6.92 (4H, m), 5.60 (1H, g, J = 6.4 Hz), 3.96 (3H, s), 3.91

(3H, s), 3.84 (6H, s), 1.77 (3H, d, J = 6.4 Hz).

3C NMR (125 MHz, CDCls) & 194.2, 154.8, 154.4, 152.8, 151.0, 145.9, 141.7, 133.0,

130.2, 128.4, 126.8, 123.4, 118.4, 110.9, 107.4, 73.6, 61.0, 56.3, 56.1, 23.2.
HRMS [M+Na]*: 496.1038 (calcd for [C2sH2sNNaOgS]*, 496.1037).

HPLC retention time (Method B): 10.33 min [98.1% at 254 nm].

(4-Methoxy-3-((2-(5-nitrothiophen-2-yl)propan-2-yl)oxy)phenyl)(3,4,5-
trimethoxyphenyl)methanone (14):3%°* Phenstatin (0.581 g, 1.83 mmol), ADDP (0.597
g, 2.38 mmol), and 2-(5-nitrothiophen-2-yl)propan-2-ol (0.410 g, 2.19 mmol) were

dissolved in dry CH,Cl, (80 mL). Tributylphosphine (0.752 mL, 3.06 mmol) was added
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dropwise, and the reaction mixture was stirred for 2 d. The reaction mixture was dried
under reduced pressure. Flash chromatography of the crude product using a prepacked 25
g silica column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B
(1 CV), 10% A/90% B - 80% A/20% B (10 CV), 80% A/20% B (2 CV); flow rate 50.0
mL/min; monitored at 254 and 280 nm] vyielded (4-methoxy-3-((2-(5-nitrothiophen-2-
yl)propan-2-yl)oxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (14) as an orange gum

(0.062 g, 0.128 mmol, 7%) [0.050 g, 0.104 mmol, 6%, corrected for CH,Cl,].

IH NMR (600 MHz, acetone-dg) 5 7.93 (1H, d, J = 4.3 Hz), 7.67 (1H, dd, J = 8.5, 2.2
Hz), 7.41 (1H, d, J = 2.1 Hz), 7.22 (1H, d, J = 8.5 Hz), 7.19 (1H, d, J = 4.3 Hz), 7.02 (2H,

s), 3.95 (3H, s), 3.87 (6H, s), 3.84 (3H, 5), 1.79 (6H, 3).

3C NMR (151 MHz, acetone-ds) & 192.94, 161.01, 157.41, 153.10, 150.43, 142.93,
141.89, 133.12, 129.98, 128.83, 127.80, 125.38, 123.07, 111.83, 107.31, 80.82, 59.80,

55.74, 55.44, 28.16.
HRMS [M+Na]*: 510.1190 (calcd for [C2sH2sNNaOgS]*, 510.1193).

HPLC retention time (Method B): 11.49 min [96.3% at 254 nm].

1-(4-Nitrophenyl)ethan-1-ol (16):>* TiCl, (2.72 mL, 24.8 mmol) was added dropwise
slowly to dry Et,O (100 mL) in an acetone / dry ice bath (-78 °C). Methyllithium (15.5
mL, 25 mmol, 1.6 M) was then added dropwise slowly to the reaction mixture which was
stirred for 1.5 h. 4-Nitrobenzaldehyde (2.88g, 19.1 mmol) dissolved in Et,O (140 mL)
was added dropwise to the reaction mixture, which was stirred for 18 h. The reaction was

guenched with water and extracted with CH,Cl, (3 x 50 mL), which was washed with
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water and brine and dried over Na,SO,4, and evaporated under reduced pressure. Flash
chromatography of the crude product using a prepacked 100 g silica column [eluents:
solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B (1 CV), 10% A/90% B -
80% A/20% B over (10 CV), 80% A/20% B (2 CV); flow rate 100.0 mL/min; monitored
at 254 and 280 nm] yielded 1-(4-nitrophenyl)ethan-1-ol (16) (2.49 g, 14.9 mmol, 78%) as

a yellow-orange oil.

'H NMR (600 MHz, CDCls) & 8.17 (2H, d, J = 8.7 Hz), 7.53 (2H, d, J = 8.6 Hz), 5.01

(1H, g, J = 6.5 Hz), 1.51 (3H, d, J = 6.6 Hz).
3C NMR (151 MHz, CDCls3) § 153.22, 147.09, 126.13, 123.71, 69.43, 25.44.

2-(4-Nitrophenyl)propan-2-ol (18):** TiCl, (3.02 mL, 27.6 mmol) was added dropwise
slowly to dry Et,O (100 mL) in an acetone / dry ice bath (-78 °C). Methyllithium (17.2
mL, 28 mmol, 1.6 M) was then added dropwise slowly to the reaction mixture, which
was stirred for 1.5 h. 4-Nitroacetophenone (3.50g, 21.2 mmol) dissolved in Et,O (150
mL) was added dropwise to the reaction mixture, which was stirred for 18 h. The reaction
was quenched with water, and the mixture was extracted with CH,Cl, (3 x 50 mL), which
was washed with water and brine, dried over Na,SQO,, and evaporated under reduced
pressure. Flash chromatography of the crude product using a prepacked 100 g silica
column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B (1 CV),
10% A/90% B > 60% A/40% B (10 CV), 60% A/40% B (2 CV); flow rate 100.0
mL/min; monitored at 254 and 280 nm] yielded 2-(4-nitrophenyl)propan-2-ol (18) (1.42

g, 7.84 mmol, 37%) as an orange oil.
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'H NMR (600 MHz, CDCls) § 8.16 (2H, d, J = 8.9 Hz), 7.65 (2H, d, J = 8.9 Hz), 1.61

(7TH, s).

13C NMR (151 MHz, CDCl3) § 156.52, 146.64, 125.51, 123.45, 72.49, 31.69.

(4-methoxy-3-((4-nitrobenzyl)oxy)phenyl)(3,4,5-trimethoxyphenyl)methanone
(20):3%"%° Phenstatin (0.500 g, 1.57 mmol), DIAD (0.35 mL, 1.9 mmol), and 4-nitrobenzyl
alcohol (0.481 g, 3.14 mmol) were dissolved in dry CH,Cl, (60 mL). Triphenylphosphine
(0.700 g, 2.67 mmol) was added, and the reaction mixture was stirred for 2 d. The
reaction was quenched with water, and the reaction mixture was extracted with EtOAc,
which was dried with Na,SO,4 and evaporated under reduced pressure. Flash
chromatography of the crude product using a prepacked 100 g silica column [eluents:
solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B (1 CV), 10% A/90% B ->
80% A/20% B (10 CV), 80% A/20% B (2 CV); flow rate 100.0 mL/min; monitored at
254 and 280 nm] yielded (4-methoxy-3-((4-nitrobenzyl)oxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (20) (0.462 g, 1.02 mmol, 65%) as a yellow solid.

'H NMR (600 MHz, acetone-dg) & 8.31 (2H, d, J = 8.7 Hz), 7.84 (2H, d, J = 9.0 Hz),
754 (1H, d, J = 2.0 Hz), 7.52 (1H, dd, J = 8.3, 2.0 Hz), 7.18 (1H, d, J = 8.4 Hz), 7.04

(2H, s), 5.40 (2H, s), 4.00 (3H, s), 3.87 (6H, s), 3.84 (3H, s).

3C NMR (151 MHz, acetone-ds) 5 193.21, 153.71, 153.10, 147.67, 145.12, 141.81,
133.24, 130.25, 128.06, 125.41, 123.49, 114.93, 110.99, 107.37, 99.99, 69.45, 59.80,

55.70, 55.54. HRMS [M+Na]": 476.1315 (calcd for [C24H2sNNaOg]”, 476.1316).

HPLC retention time (Method B): 9.55 min [100% at 254 nm].
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(4-Methoxy-3-(1-(4-nitrophenyl)ethoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone
(21):3%"%° Phenstatin (0.500 g, 1.57 mmol), DIAD (0.348 mL, 1.88 mmol), and 1-(4-
nitrophenyl)ethan-1-ol (0.525 g, 3.14 mmol) were dissolved in dry CH,Cl, (60 mL).
Triphenylphosphine (0.700 g, 2.67 mmol) was added to the reaction mixture, which was
stirred for 2 d. The reaction was quenched with water, and the reaction mixture was
extracted with CH,Cl, (3 x 40 mL), which was dried with Na,SO, and evaporated under
reduced pressure. Flash chromatography of the crude product using a prepacked 100 g
silica column [eluents: solvent A, EtOAcC; solvent B, hexanes; gradient, 10% A/90% B (1
CV), 10% A/90% B -> 80% A/20% B over (10 CV), 80% A/20% B (2 CV); flow rate
100.0 mL/min; monitored at 254 and 280 nm] yielded (4-methoxy-3-(1-(4-
nitrophenyl)ethoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (21) (0.315 g, 0.675

mmol, 43%) as white solid.

IH NMR (600 MHz, acetone-dg) & 8.26 (2H, d, J = 8.8 Hz), 7.78 (2H, d, J = 8.4 Hz),
7.46 (1H, dd, J = 8.4, 2.0 Hz), 7.34 (1H, d, J = 2.0 Hz), 7.15 (1H, d, J = 8.4 Hz), 6.93
(2H, s), 5.72 (1H, g, J = 6.4 Hz), 4.00 (3H, s), 3.83 (3H, ), 3.81 (6H, 3), 1.69 (3H, d, J =

6.5 Hz).

3C NMR (151 MHz, CDCl3) & 194.27, 153.96, 152.80, 150.05, 147.48, 146.57, 141.76,
133.04, 130.14, 126.53, 125.83, 124.01, 116.93, 110.61, 107.50, 60.98, 56.36, 56.14,

23.86, 21.95.
HRMS [M+Na]*: 490.1471 (calcd for [CasHasNNaOg]*, 490.1472).

HPLC retention time (Method B): 10.05 min [96.7% at 254 nm].

171



(4-Methoxy-3-((2-(4-nitrophenyl)propan-2-yl)oxy)phenyl)(3,4,5-
trimethoxyphenyl)methanone (22):°° Phenstatin (0.500 g, 1.57 mmol), ADDP (0.475
g, 1.88 mmol), and 2-(4-nitrophenyl)propan-2-ol (0.569 g, 3.14 mmol) were dissolved in
dry CH.ClI; (70 mL). Tributylphosphine (0.66 mL, 2.67 mmol) was added dropwise to
the reaction mixture, which was stirred for 2 d. The reaction was quenched with water,
and the mixture was extracted with EtOAc, which was washed with water and brine,
dried with Na,SQO4, and evaporated under reduced pressure. Flash chromatography of the
crude product using a prepacked 100 g silica column [eluents: solvent A, EtOAc; solvent
B, hexanes; gradient, 10% A/90% B (1 CV), 10% A/90% B - 80% A/20% B (10 CV),
80% A/20% B (2 CV); flow rate 100.0 mL/min; monitored at 254 and 280 nm] yielded
(4-methoxy-3-((2-(4-nitrophenyl)propan-2-yl)oxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (22) (0.174 g, 0.361 mmol, 23%) as tan solid,

IH NMR (600 MHz, acetone-dg) & 8.25 (2H, d, J = 8.9 Hz), 7.91 (2H, d, J = 8.9 Hz),
7.57 (1H, dd, J = 8.5, 2.1 Hz), 7.18 (1H, d, J = 8.5 Hz), 7.12 (1H, d, J = 2.1 Hz), 6.92

(2H, s), 3.96 (3H, s), 3.84 (6H, s), 3.83 (3H, 5), 1.76 (6H, ).

BBC NMR (151 MHz, acetone-dgs) & 193.05, 156.74, 154.53, 153.03, 147.02, 143.92,
141.76, 133.21, 129.72, 126.62, 126.34, 123.48, 123.30, 111.62, 107.16, 81.28, 59.77,

55.73, 55.43, 27.99.
HRMS [M+Na]*: 504.1629 (calcd for [CasH27NNaOg]*, 504.1629).

HPLC retention time (Method B): 10.82 min [97.1% at 254 nm].
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Ethyl 2-amino-1-methyl-1H-imidazole-5-carboxylate (26):>° To a suspension of
sarcosine ethyl ester (4.00 g, 0.026 mol) in THF (90 mL) and ethyl formate (90 mL) was
added NaH (60 % dispersion in mineral oil, 10.0 g, 0.25 mol) in several portions at room
temperature. The reaction mixture was stirred for 3 h, and, during this time, a yellow
suspension formed. The reaction mixture was concentrated and triturated with hexane (2
x 150 mL). The hexane was decanted, and the resulting light tan solid was dried in vacuo.
Ethanol (80 mL) and concentrated aqueous HCI (16 mL) were added to the solid, and the
suspension was heated to reflux for 2 h. The reaction mixture was then filtered while hot,
and the filter was rinsed with boiling ethanol (2 x 50 mL). The combined filtrate was
concentrated to yield a brown oil. The oil was diluted with ethanol (140 mL) and water
(60 mL), and the pH of the solution was adjusted to 3 by using NaOH solution (2 M).
Cyanamide (2.18 g, 0.052 mol) was added, and the resulting solution was heated to reflux
for 1.5 h. After being cooled to room temperature, the reaction mixture was concentrated
to approximately 1/8 of its original volume. Solid K,CO3; was added to adjust the pH of
the concentrated reaction mixture to 8-9, resulting in the formation of a yellow
precipitate. The solid was removed by filtration, washed with a K,COj3 solution (1 M, 1 x
20 mL) and water (2 x 20 mL) and dried to afford a pale yellow solid (1.97 g, 12.0 mmol,

45%).

'H NMR (600 MHz, CDCls) & 7.45 (1H, s), 4.27 (2H, g, J = 7.1 Hz), 4.25 (2H, s), 3.68

(3H, s), 1.34 (3H, t, I = 7.1 H2).

B3C NMR (151 MHz, CDCls) 8 160.67, 151.89, 135.50, 119.05, 59.82, 30.55, 14.41.
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Ethyl 1-methyl-2-nitro-1H-imidazole-5-carboxylate (27):°*" Aminoimidazole (0.700
g, 4.14 mmol) in acetic acid (7.3 mL) was added dropwise to an aqueous solution of
sodium nitrite (3.6 mL, 11 M). The solution was stirred at room temperature for 4 h until
no more N, was formed. The reaction mixture was extracted with CH,Cl, (1 x 20 mL),
washed with brine (1 x 20 mL) and a saturated aqueous solution of Na;SO3 (1 x 20 mL).
The organic layer was then dried over Na,SOq, filtered and concentrated to afford a crude
yellow solid. Purification by flash chromatography using a prepacked 25 g silica column
[solvent A: EtOAc; solvent B: hexanes; gradient: 7%A / 93%B (4 CV), 7%A / 93%B —
60%A / 40%B (10 CV), 60%A / 40%B (2 CV); flow rate: 70 mL/min; monitored at 254
and 280 nm] afforded the nitroimidazole analogue 27 (0.510 g, 2.60 mmol, 63%) as a

yellow solid.

'H NMR (600 MHz, CDCls) & 7.74 (1H, s), 4.40 (2H, g, J = 7.1 Hz), 4.35 (3H, ), 1.41

(3H,t,J=7.1 Hz).

3C NMR (151 MHz, CDCls) & 159.08, 147.46, 134.67, 126.29, 61.84, 35.39, 14.18.

(1-Methyl-2-nitro-1H-imidazol-5-yl)methanol (28):%%°" A suspension of the
nitroimidazole ethyl ester (0.796 g, 4.00 mmol) in 0.75 M NaOH solution (16 mL) was
stirred at room temperature overnight to give a clear light yellow solution. The pH of the
reaction mixture was adjusted to 1 by adding concentrated HCI. The resulting solution
was extracted with EtOAc (5 x 20 mL). The combined organic layer was dried over
Na,SO, and concentrated to afford a light yellow solid. The solid was dissolved in THF
(8 mL) with triethylamine (0.880 mL, 6.30 mmol). Isobutylchloroformate (0.820 mL,

6.30 mmol) was added dropwise at -40 °C, and the reaction mixture was stirred at room
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temperature for 1 h. NaBH, (0.794 g, 21.0 mmol) was added to the solution, followed by
dropwise addition of water (7 mL) over 1 h while maintaining the temperature around 0
°C. The reaction mixture was extracted with Et,O (3 x 20 mL), which was dried over
Na,SO4 and concentrated under reduced pressure. Purification by flash chromatography
using a prepacked 25 g silica column [solvent A: methanol; solvent B: CH,Cl,; gradient:
1%A / 99%B (4 CV), 1%A / 99%B — 15%A / 85%B (10 CV), 15%A / 85%B (2 CV);
flow rate: 75 mL/min; monitored at 254 and 280 nm] afforded the normethyl

nitroimidazole trigger (28) (0.449 g, 2.86 mmol, 71%) as a pale yellow solid.
'H NMR (600 MHz, Methanol-ds) 3 7.11 (1H, s), 4.68 (2H, s), 4.06 (3H, s).

3C NMR (151 MHz, MeOD) § 145.82, 137.93, 126.02, 53.16, 33.40.

1-Methyl-2-nitro-1H-imidazole-5-carbaldehyde (29): Normethyl nitroimidazole trigger
28 (359 mg, 2.28 mmol) was dissolved in CH,Cl, (10 mL). Dess—Martin periodinane
(1.16 g, 2.74 mmol) was added and the reaction mixture was stirred for 1 h at room
temperature. Saturated solutions of NaHCOj3 (20 mL) and sodium thiosulfate (20 mL)
were added to the reaction mixture, which was extracted with EtOAc (3 x 25 mL). The
combined organic layers were dried over Na,SO, and filtered, and the solvent was
removed under reduced pressure. Purification by flash chromatography using a prepacked
25 g silica column [solvent A: EtOAC; solvent B: hexanes; gradient: 12%A / 88%B (1
CV), 12%A / 88%B — 100%A / 0%B (10 CV), 100%A / 0%B (2 CV); flow rate: 75
mL/min; monitored at 254 and 280 nm] afforded imidazole analogue (346 mg, 2.23

mmol, 98%) as a yellow solid.

'H NMR (600 MHz, CDCls) § 9.94 (1H, s), 7.82 (1H, s), 4.36 (3H, s).
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13C NMR (151 MHz, CDCl3) § 180.39, 148.35, 139.38, 132.38, 35.57.

1-(1-Methyl-2-nitro-1H-imidazol-5-yl)ethan-1-ol (30):>* TiCl, (1.3 mL, 11 mmol) in
Et,0 (60 mL) was treated with methyllithium (7.1 mL, 1.6M, 11 mmol) at -78 °C, and the
resulting solution was stirred for 1 h. A THF (15 mL) solution of imidazole aldehyde
analogue (0.884 g, 5.70 mmol) was added dropwise and the reaction mixture was stirred
for 24 h. Water (50 mL) was added and the resulting solution was extracted with EtOAc
(3 x 50 mL), which was dried over Na,SO,4 and concentrated to afford a crude brown oil.
Purification by flash chromatography using a prepacked 50 g silica column [solvent A:
EtOAc; solvent B: hexanes; gradient: 17%A / 83%B (1 CV), 17%A / 83%B — 100%A /
0%B (7 CV), 100%A / 0%B (5 CV); flow rate: 100 mL/min; monitored at 254 and 280
nm] afforded the monomethyl nitroimidazole trigger (30) (400 mg, 2.34 mmol, 41%) as a

yellow solid.

IH NMR (600 MHz, acetone-dg) & 7.07 (1H, s), 5.01 (1H, p, J = 6.2 Hz), 4.64 (1H, d, J =

6.0 Hz), 4.09 (3H, s), 1.63 (3H, d, J = 6.6 Hz).

13C NMR (151 MHz, acetone-dg) 5 146.4, 141.6, 124.7, 60.4, 33.9, 21.1

(4-Methoxy-3-((1-methyl-2-nitro-1H-imidazol-5-yl)methoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (31):%*%° Phenstatin (0.500 g, 1.57 mmol), (1-methyl-2-
nitro-1H-imidazol-5-yl)methanol (0.296 g, 1.89 mmol), and DIAD (0.40 mL, 2.04 mmol)
were dissolved in CH,Cl,. Triphenylphosphine (0.825 g, 3.14 mmol) was added to the
mixture, and the reaction mixture was stirred for 24 h. The reaction mixture was then

evaporated under reduced pressure. Flash chromatography of the crude product using a
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prepacked 100 g silica column [eluents: solvent A: EtOACc; solvent B: hexanes; gradient,
17%A/83%B over 1.19 min (1 CV), 17%A/83%B - 100%A/0%B over 8.33 min (7
CV), 100%A / 0%B over 5.95 min (5 CV); flow rate 100 mL/min; monitored at 254 and
280 nmj yielded (4-methoxy-3-((1-methyl-2-nitro-1H-imidazol-5-
yl)methoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (31) as a pale yellow-white solid

(0.346 g, 0.757 mmol, 48%) [0.284 g, 0.621 mmol, 39%, corrected for EtOACc].

'H NMR (600 MHz, CDCl3) § 7.62 (1H, d, J = 1.7 Hz), 7.52 (1H, dd, J = 8.3, 1.7 Hz),
7.24 (1H, 5), 7.04 (2H, s), 6.97 (1H, d, J = 8.4 Hz), 5.18 (2H, s), 4.16 (3H, ), 3.97 (3H,

s), 3.96 (3H, s), 3.91 (6H, ).

3C NMR (151 MHz, CDCl3) & 194.16, 153.97, 152.91, 146.74, 141.88, 132.92, 132.30,

130.43, 129.31, 127.00, 116.43, 110.61, 107.52, 99.98, 61.24, 61.01, 56.39, 56.05, 34.54.
HRMS [M+Na]*: 480.1376 (calcd for [C22H2sN3NaOs]*,480.1377).

HPLC retention time (Method B): 4.66 min [100% at 254 nm].

(4-methoxy-3-(1-(1-methyl-2-nitro-1H-imidazol-5-yl)ethoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (32):3%%° Phenstatin (0.250 g, 0.786 mmol), DIAD (0.19
mL, 1.02 mmol), and 1-(1-methyl-2-nitro-1H-imidazol-5-yl)ethan-1-ol (0.161 g, 0.943
mmol) were added to dry CH,CI, (50 mL). Triphenylphosphine (0.412 g, 1.57 mmol)
was added, and the reaction mixture was stirred for 2 d. The reaction solvent was
evaporated under reduced pressure. Flash chromatography of the crude product using a
prepacked 100 g silica column [eluents: solvent A: EtOAc; solvent B: hexanes; gradient,

15%A/85%B over 1.19 min (1 CV), 15%A/85%B -> 100%A/0%B over 8.33 min (7
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CV), 100%A / 0%B over 14.28 min (12 CV); flow rate 100 mL/min; monitored at 254
and 280 nmj yielded (4-methoxy-3-(1-(1-methyl-2-nitro-1H-imidazol-5-
yl)ethoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (32) as a pale yellow-white solid

(0.119 g, 0.252 mmol, 32%) [0.101 g, 0.214 mmol, 27%, corrected for EtOACc].

'H NMR (600 MHz, CDCl3) § 7.57 (1H, d, J = 2.0 Hz), 7.55 (1H, dd, J = 8.3, 2.0 Hz),
7.21 (1H, s), 7.02 (2H, s), 6.99 (1H, d, J = 8.4 Hz), 5.59 (1H, g, J = 6.5 Hz), 4.13 (3H, s),

3.97 (3H, s), 3.96 (3H, 5), 3.91 (6H, s), 1.81 (3H, d, J = 6.5 H2).

3C NMR (151 MHz, CDCl3) & 194.09, 154.63, 152.90, 145.23, 141.89, 137.09, 132.88,

130.47, 127.15, 118.90, 110.95, 107.51, 99.98, 68.42, 61.01, 56.39, 56.04, 34.70, 18.55.
HRMS [M+Na]*: 494.1533 (calcd for [CasHzsN3NaOs]* 494.1534).

HPLC retention time (Method B): 5.17 min [98.6% at 254 nm].

(5-Nitrofuran-2-yl)methanol (34):%® 5-Nitrofuran-2-carbaldehyde (4.00 g, 28 mmol)
was dissolved in anhydrous methanol (80 mL) and cooled to 0 °C. NaBH, (1.17 g, 31
mmol) was added to the reaction mixture, which was stirred for 2.5 h. The reaction was
guenched with an HCI solution (1 M, 40 mL) and extracted with EtOAc (3 x 50 mL). The
combined organic layer was dried over Na,SO,4 and concentrated under reduced pressure
to afford a crude yellow oil. Purification by flash chromatography using a prepacked 100
g silica column [solvent A: EtOAc; solvent B: hexanes; gradient: 7%A / 93%B (1 CV),
7%A / 93%B — 60%A / 40%B (10 CV), 60%A / 40%B (2 CV); flow rate: 100 mL/min;
monitored at 254 and 280 nm] afforded (5-nitrofuran-2-yl)methanol (34) (3.23 g, 22.6

mmol, 80%) as a pale yellow oil.
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'H NMR (600 MHz, CDCls) § 7.31 (1H, d, J = 3.6 Hz), 6.58 (1H, d, J = 3.6 Hz), 4.74

(2H, s), 2.09 (1H, s).

13C NMR (151 MHz, CDCl3) § 157.37, 151.92, 112.40, 110.61, 57.45.

1-(5-Nitrofuran-2-yl)ethan-1-ol (35):*! TiCl, (0.78 mL, 7.1 mmol) in Et,O (35 mL) was
treated with methyllithium (4.4 mL, 1.6 M, 7.1 mmol) at -78 °C. The resulting solution
was stirred for 1 h. A THF (10 mL) solution of 5-nitrofuran-2-carbaldehyde (0.500 g, 3.5
mmol) was added dropwise, and the reaction mixture was stirred for 24 h. Water (30 mL)
was added and the resulting solution was extracted with EtOAc (3 x 30 mL), which was
dried over Na,SO,4 and concentrated to afford a crude brown oil. Purification by flash
chromatography using a prepacked 25 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 93%B — 60%A / 40%B (10 CV), 60%A
/ 40%B (2 CV); flow rate: 75 mL/min; monitored at 254 and 280 nm] afforded 1-(5-

nitrofuran-2-yl)ethan-1-ol (35) (449 mg, 2.86 mmol, 81%) as a brown oil.

'H NMR (600 MHz, CDCl3) & 7.29 (1H, d, J = 4.1 Hz), 6.52 (1H, d, J = 4.6 Hz), 4.96

(1H, g, J = 7.1 Hz), 2.57 (1H, s), 1.61 (3H, d, J = 6.8 H2).

3C NMR (151 MHz, CDCl3) § 161.27, 151.59, 112.51, 108.57, 63.66, 21.38.

1-(5-Nitrofuran-2-yl)ethan-1-one (36): Dess-Martin periodinane (8.62 g, 20.4 mmol)
was added to 1-(5-nitrofuran-2-yl)ethan-1-ol (3.20 g, 20.4 mmol) dissolved in CH,Cl,
(250 mL), and the reaction mixture was stirred for 1 h. The reaction was quenched with

saturated solutions of sodium thiosulfate and NaHCOs, then extracted with CH,Cl, (3 x
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50 mL), which was washed with water and brine, dried with Na,SO4, and evaporated
under reduced pressure. Flash chromatography of the crude product using a prepacked
100 g silica column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 7% A/93%
B over 1.19 min (1 CV), 7% A/93% B -> 50% A/50% B over 13.12 min (10 CV), 50%
A/50% B over 2.38 min (2 CV); flow rate 100.0 mL/min; monitored at 254 and 280 nm]

yielded 1-(5-nitrofuran-2-yl)ethan-1-one (36) (2.98 g, 19.2 mmol, 94%) as yellow solid.

'H NMR (600 MHz, CDCls) § 7.38 (1H, d, J = 3.8 Hz), 7.28 (1H, d, J = 3.7 Hz), 2.61

(3H, ).

3C NMR (151 MHz, CDCl3) 5 186.73, 151.91, 151.48, 116.79, 111.94, 26.27.

2-(5-Nitrofuran-2-yl)propan-2-ol (37): 1-(5-Nitrofuran-2-yl)ethan-1-one (3.00 g, 19.3
mmol) in CH,Cl, (120 mL) was treated dropwise at 0 °C with trimethylaluminium (16.0
mL, 2.0 M, 32 mmol), and the resulting yellow solution was stirred for 90 min at 0 °C.
Sat. ag. NH4Cl was added to the reaction mixture, which was extracted with CH,Cl, (3 x
50 mL). The combined organic layers were dried over Na,SO, and filtered, and the
solvent was removed under reduced pressure to give a yellow oil. Purification by flash
chromatography using a prepacked 100 g silica column [solvent A: EtOAc; solvent B:
hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 93%B — 60%A / 40%B (10 CV), 60%A
| 40%B (2 CV); flow rate: 1000mL/min; monitored at 254 and 280 nm] afforded 2-(5-

nitrofuran-2-yl)propan-2-ol (37) (2.75 g, 16.1 mmol, 83%) as a yellow oil.

IH NMR (600 MHz, CDCls) 8 7.27 (1H, d, J = 3.7 Hz), 6.49 (1H, d, J = 3.7 Hz), 2.36

(1H, s), 1.65 (7H, 5).
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3C NMR (151 MHz, CDCls) § 164.05, 151.36, 112.55, 107.37, 69.30, 28.67.

(4-Methoxy-3-((5-nitrofuran-2-yl)methoxy)phenyl)(3,4,5-

trimethoxyphenyl)methanone (38):32° Phenstatin (0.250 g, 0.786 mmol), DEAD (0.16
mL, 1.02 mmol), and (5-nitrofuran-2-yl)methanol (0.135 g, 0.943 mmol) were dissolved
in dry CH,Cl, (60 mL). Triphenylphosphine (0.412 g, 1.57 mmol) was added, and the
reaction mixture was stirred for 2 d. The solvent was evaporated under reduced pressure.
Flash chromatography of the crude product using a prepacked 50 g silica column
[eluents: solvent A, EtOAC; solvent B, hexanes; gradient, 10% A/90% B over 1.19 min (1
CV), 10% A/90% B - 80% A/20% B over 13.12 min (10 CV), 80% A/20% B over 2.38
min (2 CV); flow rate 100.0 mL/min; monitored at 254 and 280 nm] yielded (4-methoxy-
3-((5-nitrofuran-2-yl)methoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (38) (0.143 g,

0.322 mmol, 41%) as a white solid.

IH NMR (600 MHz, acetone-de) 3 7.59 (1H, d, J = 2.0 Hz), 7.56 — 7.52 (2H, m), 7.17
(1H, d, J = 8.4 Hz), 7.06 (2H, 5), 6.95 (1H, d, J = 3.7 Hz), 5.32 (2H, 5), 3.96 (3H, 5), 3.88

(6H, s), 3.85 (3H, s).

3C NMR (151 MHz, acetone-dg) & 193.12, 154.11, 153.89, 153.12, 147.13, 141.85,
133.19, 130.26, 126.00, 124.87, 116.00, 113.41, 112.45, 111.18, 107.39, 63.08, 59.80,

55.72, 55.47. HRMS [M+Na]": 466.1107 (calcd for [C,H2:NNaOg]*, 466.1109).
HPLC retention time (Method B): 6.81 min [99.1% at 254 nm].

(4-Methoxy-3-(1-(5-nitrofuran-2-yl)ethoxy)phenyl)(3,4,5-
trimethoxyphenyl)methanone (39):>° Phenstatin (0.250 g, 0.786 mmol), DIAD (0.20
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mL, 1.02 mmol), and 1-(5-nitrofuran-2-yl)ethan-1-ol (0.148 g, 0.943 mmol) were
dissolved in dry CH,CI, (60 mL). Triphenylphosphine (0.412 g, 1.57 mmol) was added,
and the reaction mixture was stirred for 2 d. The solvent was evaporated under reduced
pressure. Flash chromatography of the crude product using a prepacked 50 g silica
column [eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B over
1.19 min (1 CV), 10% A/90% B - 80% A/20% B over 13.12 min (10 CV), 80% A/20%
B over 2.38 min (2 CV); flow rate 100.0 mL/min; monitored at 254 and 280 nm] yielded
(4-methoxy-3-(1-(5-nitrofuran-2-yl)ethoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone

(39) (0.169 g, 0.369 mmol, 47%) as a white solid.

IH NMR (600 MHz, acetone-dg) 5 7.55 (1H, dd, J = 8.4, 2.1 Hz), 7.51 (1H, d, J = 2.1
Hz), 7.49 (1H, d, J = 3.7 Hz), 7.17 (1H, d, J = 8.4 Hz), 7.02 (2H, ), 6.83 (1H, d, J = 3.5
Hz), 5.65 (1H, g, J = 6.5 Hz), 3.97 (3H, s), 3.87 (6H, s), 3.84 (3H, 5), 1.77 (3H, d, J = 6.6

Hz).

BC NMR (151 MHz, acetone-dg) & 193.05, 158.26, 154.84, 153.11, 151.79, 146.11,
141.89, 133.16, 130.29, 126.49, 119.30, 112.44, 111.54, 111.02, 107.39, 70.96, 59.80,

55.73, 55.52, 18.82.
HRMS [M+Na]*: 480.1263 (calcd for [CasH2sNNaOs]*, 480.1265).

HPLC retention time (Method B): 7.86 min [100% at 254 nm].

(4-Methoxy-3-((2-(5-nitrofuran-2-yl)propan-2-yl)oxy)phenyl)(3,4,5-
trimethoxyphenyl)methanone (40):3>° Phenstatin (1.00 g, 3.14 mmol), ADDP (1.03 g,

4.08 mmol), and 2-(5-nitrofuran-2-yl)propan-2-ol (0.646 g, 3.77 mmol) were dissolved in
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dry THF (80 mL). Tributylphosphine (1.55 mL, 6.28 mmol) was added dropwise, and the
reaction mixture was stirred for 2 d. The solvent was evaporated under reduced pressure.
Flash chromatography of the crude product using a prepacked 100 g silica column
[eluents: solvent A, EtOAc; solvent B, hexanes; gradient, 10% A/90% B (1 CV), 10%
A/90% B > 80% A/20% B (10 CV), 80% A/20% B (0.2 CV); flow rate 100.0 mL/min;
monitored at 254 and 280 nm] yielded (4-methoxy-3-((2-(5-nitrofuran-2-yl)propan-2-
yl)oxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (40) as a colorless solid (0.118 g,

0.251 mmol, 8%) [0.100 g, 0.213 mmol, 7%, corrected for CH,Cl,].

IH NMR (600 MHz, acetone-d6) & 7.58 (1H, dd, J = 8.5, 2.1 Hz), 7.40 (1H, d, J = 3.7
Hz), 7.14 — 7.06 (2H, m), 6.94 (2H, s), 6.69 (1H, d, J = 3.7 Hz), 3.83 (6H, ), 3.81 (3H,

s), 3.80 (3H, s), 1.75 (6H, ).

3C NMR (151 MHz, acetone-ds) & 192.97, 160.47, 157.53, 153.09, 151.48, 143.09,
141.85, 133.15, 129.94, 127.80, 125.96, 112.31, 111.61, 110.81, 107.25, 77.40, 59.80,

55.74, 55.38, 25.03.
HRMS [M+Na]*: 494.1422 (calcd for [CasHasNNaOs]* 494.1422 ).

HPLC retention time (Method B): 8.26 min [93.9% at 254 nm].
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Biology
Colchicine Binding Assay>*

Inhibition of [*H]colchicine binding to tubulin was determined using 0.1 mL reaction
mixtures. Each reaction mixture contained 1.0 pM tubulin, 5.0 uM [*H]colchicine (from
Perkin—Elmer), 5% (v/v) dimethyl sulfoxide, potential inhibitors at 5.0 pM and
components that were previously demonstrated to stabilize the colchicine binding activity
of tubulin®® (1.0 M monosodium glutamate [adjusted to pH 6.6 with HCI in a 2.0 M
stock solution], 0.5 mg/mL bovine serum albumin, 0.1 M glucose-1-phosphate, 1.0 mM
MgCl,, and 1.0 mM GTP). Incubation was for 10 min at 37°C, a time point at which the
binding reaction in the control is 40-60% complete. Reactions were stopped by adding
2.0 mL of ice-cold water and placing the samples on ice. Each sample was poured onto a
stack of two DEAE-cellulose filters, followed immediately by 6 mL of ice-cold water,
and the water was aspirated under reduced vacuum. The filters were washed with 2 mL
water X 3 and, following removal of excess water under a strong vacuum, placed into
vials containing 5 mL of Biosafe Il scintillation cocktail. Samples were counted the next
day in a Beckman scintillation counter. Samples with potential inhibitors were compared
to controls with no inhibitor to determine percent inhibition. All samples were corrected

for the amount of colchicine that bound to the filters in the absence of tubulin.

Inhibition of Tubulin Polymerization®%?

Tubulin assembly experiments were performed using 0.25 mL reaction mixtures (final

volume).>™* The mixtures contained 1 mg/mL (10 pM) purified bovine brain tubulin, 0.8
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M monosodium glutamate (pH 6.6, as above), 4% (v/v) dimethyl sulfoxide, 0.4 mM
GTP, and varying compound concentrations. Initially, all components except GTP were
preincubated for 15 min at 30 °C in 0.24 mL. After chilling the mixtures on ice, 10 pL of
10 mM GTP was added. The reaction mixtures were then transferred to cuvettes held at 0
°C in Beckman DU-7400 and DU-7500 spectrophotometers equipped with electronic
temperature controllers. The temperature was jumped to 30 °C over about 30 s, and
polymerization was followed turbidimetrically at 350 nm for 20 min. Each reaction set
included a reaction mixture without compound, and the IC50 was defined as the

compound concentration that inhibited extent of assembly by 50% after 20 min at 30 °C.

NADPH Cytochrome P450 Oxidoreductase Cleavage Assay >**°**

Rat NADPH cytochrome P450 oxidoreductase (POR) and protocatechuate 3,4-
dioxygenase (PCD) were purchased from Corning® and Sigma-Aldrich, respectively, and
their enzymatic activities were determined in terms of enzyme units (U). All bioreductive

prodrugs were dissolved in DMSO as 10 mM stock solutions.

An aliquot (5 pL) of the 10 mM compound DMSO stock solution along with 0.5 pL
0.1% Triton X-100 were added to 395.5 pl 200 mM pH 7.4 potassium phosphate buffer
containing 400 uM freshly made protocatechuic acid (PCA). The components were fully
mixed in a microvessel capped with a rubber septum stopper and subjected to three cycles
of evacuation and flushing with N, using a manifold, followed by sparging with N, for an
additional 20 min. PCD (0.08 units) was added by Hamilton syringe, and the solution was
scrubbed for 10 min to allow for sufficient O, digestion by PCA/PCD. POR stock (0.006

units) was introduced followed by NADPH (0.8 mM final concentration) into the vial

185



followed by an additional round of N, sparging. The reaction mixture was incubated for

24 h at 37 °C, cooled on ice and treated with an equal volume of acetonitrile. After

centrifugation and filtration, the samples were analyzed by HPLC. Solutions without

POR were used as controls.
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'HNMR (500 MHz, CDCIls) of 3-((tert-Butyldimethylsilyl)oxy)- 4 methoxybenzaldehyde (2)
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B3C NMR (500 MHz, CDCls) of 3-((tert-Butyldimethylsilyl)oxy)-4-methoxybenzaldehyde (2)
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'H NMR (500 MHz, CDCls) of (3-((tert-Butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-trimethoxyphenyl)methanol (4)
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3C NMR (500 MHz, CDCls3) of (3-((tert-Butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-trimethoxyphenyl)methanol (4)
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'H NMR (500 MHz, CDCls) of (3-((tert-Butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5- tr|methoxyphenyl)methanone (5)
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3C NMR (500 MHz, CDCls) of (3-((tert-Butyldimethylsilyl)oxy)-4-methoxyphenyl)(3,4,5-trimethoxyphenyl)methanone (5)
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'H NMR (500 MHz, CDClI3) of Phenstatin (6)
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HPLC trace of Phenstatin (6)

Data File C:\Chem32\1\Data\Blake\Phenstatin Frac 27.D
Sample Name: Phenstatin Frac 27

Acg. Operator

Sample Operator :

Acq. Instrument
Injection Date

Acq. Method
Last changed
Analysis Method
Last changed

: SYSTEM
SYSTEM
: 1200 HPLC Location : 1
: 7/14/2016 5:49:16 PM
Inj Volume : No inj

: C:\CHEM32\1\METHODS\MASTERMETHOD2 .M

1 12/2/2015 12:37:42 PM by Eric Lin

: C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
: 4/30/2014 1:53:57 AM by ERICAP
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Data File C:\Chem32\1\Data\Blake\Phenstatin Frac 27.D
Sample Name: Phenstatin Frac 27

DAD1 E, Sig=240,4 Ref=off (Blake\Phenstatin Frac 27.D)
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Data File C:\Chem32\1\Data\Blake\Phenstatin Frac 27.D
Sample Name: Phenstatin Frac 27

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EOREEEE |-mee]mmme e |<mmeemeee | mmeeeee |<mmeee |
1 15.352 BB ©.0883 2998.22803 527.79993 97.0908
2 16.227 BB 9.1495 80.98984 7.40825 2.6227
3 18.050 BB 9.08799 8.84660 1.724286  ©.2865

Totals : 3088.06446 536.93238

Signal 2: DAD1 B, Sig=254,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 15.352 BB ©0.0882 3405.82935 599.99316 97.1155
2 16.227 BV 0.1020  51.16637 7.46052 1
3 16.353 VB 0.1415 31.42821 2.96785 @
4 18.050 BB 0.0799 9.80479 1.91018 ©.2796
5 18.555 BB 0.1243 8.75974 1.1076¢9 @

Totals : 3506.98845 613.43880

Signal 3: DAD1 C, Sig=210,8 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ERRIEREEERS |-me [ mee | -memmeeee | mermme |-mmemee |
1 12.096 BB 0.0949 9.64612 1.58789 0.0596
2 15.352 BB 0.1061 1.55548e4 2323.01147 96.1075
3 16.227 BV 0.0988 178.61842 27.1457¢ 1.1036
4 16.363 VB 0.1623 172.26620 14.12024 1.0644
5 17.763 BV 0.0889  31.45477 5.32568 ©.1943
6 17.894 W 0.0683 6.48385 1.39280 ©.0401
7 18.052 VB ©.1191 105.30116 12.65261 ©.6506
8 18.554 BB 0.1161  46.81201 6.34585 ©.2892
9 19.996 BV 0.1214  27.42125 3.21699 0.1694
16 25.556 BB 09.1151  21.76441 2.91681 ©.1345
11 27.181 BB 0©.2071  15.59067 1.17256 ©.0963
12 27.768 BB 0.1430  14.63652 1.62679 ©.0904
Totals : 1.61848e4 2400.51533
Signal 4: DAD1 D, Sig=230,16 Ref=off
1200 HPLC 7/28/2016 11:35:13 AM SYSTEM Page 3 of 5
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Data File C:\Chem32\1\Data\Blake\Phenstatin Frac 27.D

Sample Name: Phenstatin Frac 27

Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s] [mAU]
bl BT FEEEERRE e | -mme e |<mmmeee |
1 12.095 BB 0.0966 8.57315 1.37859
2 15.352 BB 0.0890 9038.75781 1574.79211
3 16.227 BV 0©.0997 95.78050 14.37671
4 16.363 VB 0.1708  92.87306 7.18653
5 17.762 BV 0.0948  17.57367 2.73993
6 18.050 W 0.0871  33.97832 5.91144
7 18.205 VB 0.0882 6.12776 1.04777
8 18.553 BB 0.1149  24.83188 3.33253
9 19.99 BV 0.1195 14.76467 1.76638
16 21.733 BB 0.1416  10.06033 1.01494
Totals : 9343.32115 1613.54694
Signal 5: DAD1 E, Sig=240,4 Ref=off
Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s] [mAU]
ORI EETEE |-mme]ommeee |-nmeemeees | -mmeemee |<mmeeee |
1 12.094 BB 0.1019 8.27689 1.23929
2 15.352 BB 0.0883 6674.82422 1175.24585
3 16.227 BV 0.0998  65.54812 9.82930
4 16.359 VB 0.1528  50.34048 4.35634
5 17.762 BB 0.0916  12.16266 1.98189
6 18.050 BB 0.0800  18.94939 3.68454
7 18.553 BB 0.1149  17.23790 2.31336
8 19.996 BB 0.1039 7.51576 1.07042
Totals : 6854.85542 1199.72099
Signal 6: DAD1 F, Sig=280,16 Ref=off
Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s] [mAU]
bl BT EEESERE e e |<mmmeee |
1 12.094 BB 0.0992 6.63490 1.02998
2 15.352 BB 0.0882 5749.51270 1013.11633
3 16.227 BV 0.0990 46.42280 7.03225
4 16.361 VB 0.1538  38.99524 3.39929
5 17.762 BB 0.0927 9.66788 1.55119
6 18.050 BB 0.0798  15.40553 3.00338
7 18.553 BB 0.1146  14.79325 1.99385
8 19.999 BV 0.1144  12.58604 1.58908
Totals : 5894.01833 1032.71536
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Data File C:\Chem32\1\Data\Blake\Phenstatin Frac 27.D
Sample Name: Phenstatin Frac 27

Signal 7: DAD1 G, Sig=300,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EOTEEE |-mme]mmme e |<mmeemeee | mmeeeee |<mmeeee |
1 12.094 BB 0.0965 17.44289 2.80617 ©.2470
2 15.352 BB ©.0883 6885.30078 1211.84802 97.4829
3 16.227 BV 9.0987 51.85132 7.88619 0.7341
4 16.362 VB 0.1552 46.17934 3.98537 ©.6538
5 17.762 BB 0.0923 11.81466 1.90724 0.1673
6 18.050 BB 0.0818 19.25880 3.75469 0.2727
7 18.552 BB 0.1134 18.33415 2.50517 ©.2596
8 19.996 BB 0.1034 12.90264 1.84833 0.1827
Totals : 7063.08459 1236.54119
Signal 8: DAD1 H, Sig=320,16 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
bl EETEERE |<omn]eeemne |<xmmme o . R |
1 12.094 BB 9.0961 29.14829 4.71398 ©.4211
2 15.352 BB 0.0883 6756.80127 1189.29700 97.6206
3 16.227 BV 0.0983 42.30829 6.47003 0.6113
4 16.362 VB 0.1544 37.17588 3.22716  ©.5371
5 17.762 BB 0.0935 11.34051 1.85076 ©0.1638
6 18.050 BB 9.0819 15.76419 3.07128 0.2278
7 18.552 BB 06.1103 15.57444 2.15592 ©@.2250
8 19.994 BB 0.1216 13.38015 1.56657 ©.1933
Totals : 6921.49302 1212.3527@
*** End of Report ***
1260 HPLC 7/28/2016 11:35:13 AM SYSTEM Page 5 of 5
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C:\Xcalibun\..\phestatin_160801120253

phestatin_160801120253 #1-20 RT: 0.01-0.22 #
T:. FTMS + p ESI Full ms [150.00-700.00]

Mass Spectrum of Phenstatin 6
8/1/2016 12:03:19 PM
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3C NMR (500 MHz, CDCls) of (5-nitrothiophen-2-yl)methanol (8)
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3C NMR (500 MHz, CDCl3) of 1-(5-nitrothiophen-2-yl)ethan-1-ol (9)
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'H NMR (500 MHz, C
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3¢ NMR (500 MHz, CDCl3) of 1-(5-nitrothiophen-2-yl)ethan-1-one (10)
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'H NMR (500 MHz, C -(5-nitrothiophen-2-yl)propan-2-ol (11)
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3C NMR (500 MHz, CDCl3) of 2-(5-nitrothiophen-2-yl)propan-2-ol (11)
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B¢ NMR (500 MHz, CDCls) of (4-Methoxy-3-((5-nitrothiophen-2-
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HPLC trace of compound 12

Data File C:\Chem32\1\Data\Blake\Phenstatin TrueNormethyl Thio 2016-06-26 17-27-20.D
Sample Name: Phenstatin TrueNormethyl Thio

Acq. Operator : SYSTEM
Sample Operator : SYSTEM
Acq. Instrument : 1200 HPLC Location : 1
Injection Date : 6/26/2016 5:27:20 PM
Inj Volume : No inj
Method : C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
Last changed : 4/30/2014 1:53:57 AM by ERICAP
Additional Info : Peak(s) manually integrated

DAD1 A, Sig=254 4 Ref=off (Blake\Phenstatin TrueNormethyl Thio 2016-06-26 17-27-20.D)
mAU ] 0
80
60
40
20
4 [{e] D
A N )
0 S 3
1 IA 1
N N ——-—“—“ttiie — iobhiiioo
5 10 20 25 min|
DAD1 C, Sig=210,8 Ref=off (Blake\Phenstatin TrueNormethyl Thio 2016-06-26 17-27-20.D)
mAU <o
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; — IO (%] <
1005 @ @ed Qo 3 ] 8 8
1 ™ Nsg Yo P S — = s
04 FLfm 18 S L Bt —
B L e S S
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DADA1 E, Sig=280,16 Ref=off (Blake\Phenstatin TrueNormethyl Thio 2016-06-26 17-27-20.D)
mAU ] <
200
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50
] © @
] & &N 2
=IO B bl
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DAD1 G, Sig=300,16 Ref=off (Blake\Phenstatin TrueNormethyl Thio 2016-06-26 17-27-20.D)
mAU o
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504 o on@s @
E 1 2
03 T Qs 2
E ) i ‘
~————
5 10 15 20 25 min
1200 HPLC 7/27/2016 3:03:33 PM SYSTEM Page 1 of 3
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Data File C:\Chem32\1\Data\Blake\Phenstatin TrueNormethyl Thio 2016-06-26 17-27-20.D
Sample Name: Phenstatin TrueNormethyl Thio

DAD1 H, Sig=320,16 Ref=off (Blake\Phenstatin TrueNormethyl Thio 2016-06-26 17-27-20.D)
mAU = <
250
200
150
100
50
] § %Ecm §
0 < NN o
= e — s e
T ¥ T I I T I
5 10 15 20 25 min
Area Percent Report
Sorted By 3 Signal
Multiplier H 1.0000
Dilution 3 1.0000

Use Multiplier & Dilution Factor wit

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area
#  [min] [min] [mAU*s]
ORI EEEEEE R R e
1 3.026 BB 0.0949  21.20730
2 8.459 BB 0.1262 24.35077
2 9.096 BB 9.1304 877.57184

Totals : 923.12991

Signal 2: DAD1 C, Sig=210,8 Ref=off

=
[
=
(o]
o]
(]
=
o
w

.1971  18.62814
.1543 14.42214
.1482  12.39582
.1788  11.77514
.1962  34.62818

[
B wWwN
N R R
© B R
© U w
0 0 ®
W O N
< ®
oW <

Peak RetTime Type Width Area
#  [min] [min] [mAU*s]
e R P |-rmmmeeees
1 1.128 BV 9.0548 17.71029
2 1.195 W 0.0619 28.47927
3 1.396 VB 0.1287 26.71319
4 2.239 BB 9.0673 7.55711
5 2.575 BB 0.0661 5.67737
6 3.026 BV 0.0961 142.63956
7 4.425 BB 0.0954  14.30667
8 5.082 BB 0.1200 14.31204
9 8.459 BB 9.1250 115.74354
10 9.096 BB ©.1305 5048.74268
(4
Q
(4
(4
(]

[y
U
N
A
Xe}
(o)}
A
@
w

1200 HPLC 7/27/2016 3:03:33 PM SYSTEM

h ISTDs
Height Area
[mAU] %

| eeeees |+eeees |
3.39320 2.2973
2.95249 2.6378
104.09017 95.0648

110.43585

Height Area

[mAU] %
| -nmemeeees |-nnneee |
4.83216 ©.3212
6.65998 ©.5165
2.67025 ©.4845
1.7199e 0.1371
1.32215 ©.1e30
22.44806  2.5870
33626  0.2595
73992  0.2596
14.21608 2.0992
598.24670 91.5667
1.33238 0.3378
1.47258 0.2616
1.26680 0.2248
1.83427 0.2136
2.68930 0.6280

Page 2 of 3
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Data File C:\Chem32\1\Data\Blake\Phenstatin TrueNormethyl Thio 2016-06-26 17-27-20.D
Sample Name: Phenstatin TrueNormethyl Thio

Totals : 5513.73112 663.98679

Signal 3: DAD1 E, Sig=280,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

.1276  46.38280
.1303 2034.68677 241.40295 94.5288

Totals : 2152.45254 259.89872

Signal 4: DAD1 G, Sig=300,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 1 (4 1 0
2 2 0.0682 11.51104 2 0
3 2 0.0716  10.29631 2.16045  ©.3666
4 3.026 BV ©.0958  49.71453 74 1
5 3 0.0793 10.78817 2 0
6 8 0.1275  46.46970 5 1
Z 9 ©.1305 2671.54370 316.35538 95.1128

Totals : 2808.81739 338.41667

Signal 5: DAD1 H, Sig=320,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 1 (4 1

2 2 0.0686 17.09729 3
3 2 9.0719  13.32974 2
4 3.026 BV 0.0960  48.87596 7.70904
5 3 0.0798  11.42673 2
6 8 0.1272  37.23368 4
7 9 0.1305 2743.29541 324.87579 95.3197

Totals : 2877.99436 347.18666

*** End of Report ***

1200 HPLC 7/27/2016 3:03:33 PM SYSTEM Page 3 of 3
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C:\Xcalibur\...\nor thio_Orbi_+ESI

nor thio_Orbi_+ESI #2-8 RT: 0.02-0.09 AV: 7
T: FTMS + p ESI Full ms [120.00-1000.00]

Mass Spectrum of Compound 12
6/27/2016 3:12:15 PM
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3C NMR (500 MHz, CDCl3) of (4-Methoxy-3-(1-(5-nitrothiophen-2-yl)ethoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (13)
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HPLC trace of compound 13
Data File C:\Chem32\1\Data\Blake\Phenstatin Normethyl Thiophene 2016-06-24 17-32-54.D
Sample Name: Phenstatin Normethyl Thiophene

Acq. Operator : SYSTEM
Sample Operator : SYSTEM
Acq. Instrument : 1200 HPLC Location : 5
Injection Date : 6/24/2016 5:32:54 PM

Inj Volume : No inj
Method 1 C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
Last changed : 4/30/2014 1:53:57 AM by ERICAP

DAD1 A, Sig=254,4 Ref=cff (Blake\Phenstatin Normethyl Thiophene 2016-06-24 17-32-54.D)
mAUE 3
400
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200
BRI ’
] « ©o [ie}
04 —F— &2
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5 10 15 min|
DAD1 C, Sig=210,8 Ref=off (Blake\Phenstatin Normethyl Thiophene 2016-06-24 17-32-54.D)
mAU_; <
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1200 HPLC 7/27/2016 3:05:39 PM SYSTEM
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Data File C:\Chem32\1\Data\Blake\Phenstatin Normethyl Thiophene 2016-06-24 17-32-54.D

Sample Name: Phenstatin Normethyl Thiophene

DAD1 H, Sig=320,16 Ref=off (Blake\Phenstatin Normethyl Thiophene 2016-06-24 17-32-54.D)
mAU »
1200
1000
800%
600
400
w04 g 28 ¢ & =
R ©o @ N 0 @~
e —
f") 1IO ’[‘5 2‘0 2|5 min|
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EEREE |-mee]-meee e |<nmemeee | -mmeneee |<mmeee |
1 1.143 BV 0.0600 8.58213 2.08675 ©.2039
2 1.204 VB 9.0545 7.41947 2.13649 0.1763
3  2.653 BB 0.0745  19.34395 3.99119 ©.4595
4 3.047 BB 0.0990  33.57935 5.08965 ©.7977
5 9.529 VB 0.1380  13.11411 1.4437¢ ©.3115
6 10.334 BB 0.1366 4127.41455 469.37863 98.0511
Totals : 4209.45357 484.12642
Signal 2: DAD1 C, Sig=210,8 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EERELRE T P |-meemen e |--enmeeee |-=en e |
1 1.141 BV 0.0633  43.73419 9.94480 0.1963
2 1.201 W 9.0535  26.91598 7.21480 ©.1208
3 1.389 VB 0.1294  32.97990@ 3.51567 ©.1480
4 2.653 BB 0.0740  35.44312 7.38718 ©.1591
5 3.046 BB 0.0988 215.30690 32.68957 0.9665
6 3.669 BB 0.1041 8.01449 1.11129 ©.0360
7 4.456 BB 9.1097  19.01512 2.58725 ©.0854
8 5.215 BV 0.1157  37.60667 4.78377 ©.1688
9 8.893 BV 0.1182  16.32542 2.15833 ©.0733
16 9.322 W 0.1420  63.16067 6.69659 ©.2835
11 9.527 VB 9.1380 102.39282 11.26775 ©.4596
12 10.334 BV 0.1534 2.14802e4 2210.79102 96.4232
13 11.380 W 0.1657  20.20461 1.84608 ©.0907
1200 HPLC 7/27/2016 3:05:39 PM SYSTEM Page 2 of 4
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Data File C:\Chem32\1\Data\Blake\Phenstatin Normethyl Thiophene 2016-06-24 17-32-54.D

Sample Name: Phenstatin Normethyl Thiophene

Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s] [mAU]
s [ |<omm ] eeemeee |<xmmmee o | -mme e |<mmmeee |
14 11.673 VB 0.1434 13.54844 1.47139
15 12.740 BB 0.1591 13.56217 1.22604
16 16.841 BV 0.1456 26.25587 2.79532
17 17.111 VB 0.1507 55.89478 5.68751
18 20.152 BB 0.1787 20.39025 1.76636
19 25.087 BB 9.1970 46.04347 3.55756
Totals : 2.22770e4 2318.49823
Signal 3: DAD1 E, Sig=280,16 Ref=off
Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s] [mAU]
ORI EEREE R Eees |-nmemeee | -mmeenee |<mmeeeee |
i 1.143 BV 0.0596 6.53655 1.60214
2 1.204 VB 9.8552 6.66955 1.89072
3 2.653 BB 0.0745 34.21731 7.06578
4 3.047 BB 0.0983 64.12563 9.80002
5 3.669 BB 0.0935 8.80327 1.39808
6 5.216 BB 9.1159 13.75631 1.74597
7 9.322. BV 0.1463 19.20857 1.92744
8 9.528 VB 0.1379 32.43538 3.57494
9 10.334 BB 0.1369 9488.83789 1075.78284
10 16.840 BV 0.1428 9.43340 1.01169
11 17.111 VB 0.1522 19.94340 2.00216
Totals : 9703.96125 1107.80177
Signal 4: DAD1 G, Sig=300,16 Ref=off
Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s] [mAU]
ORI EEREE R EEees O | -mmee e |<mmeeee |
1 1.145 BV 0.0589 5.11084 1.27143
2 1.204 VB 9.0561 6.30989 1.74947
3 2.653 BB 0.0746 51.72796 10.66139
4 3.047 BB 0.0982 76.94297 11.77816
5 3.669 BB ©.0885 14.61334 2.48778
6 5.216 BB 9.1149 17.59590 225759
7 9.322 BV 9.1466 25.10475 2.46867
8 9.527 VB 0.1390 48.79895 5.32161
9 10.334 BB 0.1374 1.23120e4 1389.67432
10 16.840 BV 0.1447 12.81279 1.37492
11 17.111 VB 9.1516 27.28168 2.75248
Totals : 1.25983e4 1431.79783

1200 HPLC 7/27/2016 3:05:39 PM SYSTEM
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Data File C:\Chem32\1\Data\Blake\Phenstatin Normethyl Thiophene 2016-06-24 17-32-54.D
Sample Name: Phenstatin Normethyl Thiophene

Signal 5: DAD1 H, Sig=320,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EETEEE |--me]mmme e |<mmeemeee e |<mmeeee |
1 1.204 BB 0.0733 8.29830 1.57813 0.0660
2 2.653 BB 0.0747 78.90384  16.22612 0.6276
3 3.048 BB 0.0982 76.45702 11.70042 0.6082
4 3.669 BB 0.0846 14.34650 2.59015 0.1141
5 5.216 BB 0.1126 12.35557 1.62760 ©.0983
6 9.322 BV 9.1481 24.54387 2.38473 ©.1952
7 9.527 VB 9.1390 48.20722 5.25499 0.3835
8 10.334 BB 0.1375 1.22687e4 1383.28394 97.5908
9 16.841 BV 0.1445 12.23663 1.31579 ©.0973
10 17.111 VB 9.1512 27.52718 2.78858 0.2190

Totals : 1.25716e4 1428.75044

*** End of Report ***
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C:\Xcalibur\...\mono thio_Orbi_+ESI

mono thio_Orbi_+ESI #2-20 RT: 0.01-0.16 AV:

T: FTMS + p ESI Full ms [120.00-1000.00]

Mass Spectrum of Compound 13
6/27/2016 3:22:29 PM
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HPLC trace of Compound 14

Data File C:\Chem32\1\Data\Blake\Phenstatin Gem Thiophene Blank 2016-06-24 21-03-34.D

Sample Name: Phenstatin Gem Thiophene Blank

Acq. Operator : SYSTEM
Sample Operator : SYSTEM
Acq. Instrument : 1200 HPLC Location : 1
Injection Date : 6/24/2016 9:03:34 PM

Inj Volume : No inj
Method : C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
Last changed : 4/30/2014 1:53:57 AM by ERICAP

DAD1 A, Sig=254,4 Ref=off (Blake\Phenstatin Gem Thiophene Blank 2016-06-24 21-03-34.D)
mAU 5
40
30
20

o
1.202
>3.042

-10 T =

T T T T T T T T T T T T

T T
5 10 15

20

25

min|

DAD1 C, Sig=210,8 Ref=off (Blake\Phenstatin Gem Thiophene Blank 2016-06-24 21-03-34.D)
mAU 3 5

W
o O
| Ly
11468
131971
53.043
3.668
14444
5113
115.793
716.512
118.067

{7548
8.894
3
5
3338

20.154

25.027

:

o

N _|
(=]

mir

10
DAD1 E, Sig=280,16 Ref=off (Blake\Phenstatin Gem Thiophene Blank 2016-06-24 21-03-34.D)
mAU 5

k10.688

1 73.042
3.667

T I
5 10 15

20

25

min

DAD1 G, Sig=300,16 Ref=off (Blake\Phenstatin Gem Thiophene Blank 2016-06-24 21-03-34.D)

mAU 3 5
17543

150
1255
100

17 3.042
3.668
10.689
16.511

25

min

1200 HPLC 7/27/2016 3:04:33 PM SYSTEM
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Data File C:\Chem32\1\Data\Blake\Phenstatin Gem Thiophene Blank 2016-06-24 21-03-34.D

Sample Name:

Phenstatin Gem Thiophene Blank

DAD1 H, Sig=320,16 Ref=off (Blake\Phenstatin Gem Thiophene Blank 2016-06-24 21-03-34.D)
mAU 5
150
125
100}
75
50
53
0 3 S
25 \ I ———— ] T 7
5 10 15 20 25 min)
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
bl EESEERS |-omn]eeemne |<nmmmee o | mmee e |<mmmeee |
1 1.202 BB 0.0857 5.33667 1.04275 ©.8958
2 3.042 BB 0.1101  16.95223 2.19617  2.8454
3 11.487 BB 0.1420 573.47900 61.97279 96.2588
Totals : 595.76790  65.21172
Signal 2: DAD1 C, Sig=210,8 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
bl B |-xmn ] oeemne s s |<mmmeee |
1 1.166 BV 0.0850  44.55954 7.31982 1.0974
2 1.405 W 0.0847  20.22405 3.15720 ©0.4981
3  1.468 VB 9.0751  18.11991 3.35221 ©.4463
4 1.971 BB 0.0663 9.28121 2.15234  ©.2286
5 3.043 BB 0.1037 92.63680  13.22735 2.2815
6 3.668 BB 0.0852 9.84668 1.71016 ©.2425
7 4.444 BB 0.1046  10.00656 1.48508 ©0.2464
8 5.113 BB 0.1511  16.65965 1.50521 ©.4103
9 7.548 BV 0.1487  20.27444 1.96016 ©.4993
16 8.894 VB 0.1489  15.76609 1.62993 ©0.3883
11 10.332 BV 0.1426  17.45869 1.87600 ©.4300
12 10.695 VB 0.2301 120.72125 7.10826  2.9732
13 11.487 BB 0.1441 3449.42578 372.38168 84.9533
14 13.328 BV 0.2266  49.34008 2.98908  1.2152
15 13.569 VB 09.1593  22.95136 2.13762  ©.5653
16 15.793 BB 0.1609  23.96850 2.31205 ©.5903
1200 HPLC 7/27/2016 3:04:33 PM SYSTEM Page 2 of 3
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Data File C:\Chem32\1\Data\Blake\Phenstatin Gem Thiophene Blank 2016-06-24 21-03-34.D

Sample Name: Phenstatin Gem Thiophene Blank

Peak RetTime Type

17 16.512 BB
18 18.067 BB
19 20.154 BB
20 25.027 BB

Totals :

Signal 3: DAD1 E,

Peak RetTime Type
#  [min]

1 3.642 BB
2 3.667 BB
3 10.688 VB
4 11.487 BB

Signal 4: DAD1 G,

Peak RetTime Type
#  [min]

1 3.042 BB
2 3.668 BB
3 10.689 VB
4 11.487 BB
5 16.511 BB

Signal 5: DAD1 H,

Peak RetTime Type
#  [min]

1 3.041 BB
2 3.668 BB
3 10.690 VB
4 11.487 BB

Totals :

Width Area
[min] [mAU*s]

0.1592  27.70535
0.1889  13.71129
0.1812  20.82122
9.1975 56.90002

4060.37847

Sig=280,16 Ref=off

Width Area
[min] [mAU*s]

0.1081  31.74127
0.0900  14.44893
0.1976  23.67714
0.1410 1421.26025

1491.12759

Sig=300,16 Ref=off

Width Area
[min] [mAU*s]

0.1090  40.59677
0.0877  25.26894
0.1918  27.81913
0.1410 1890.40027
0.1622 10.75020

1994.83530

Sig=320,16 Ref=off

Width Area
[min] [mAU*s]

0.1163 46.65141
0.0883 27.14539
0.1811  23.42678
0.1410 1694.52991

1791.75348

2.66782
1.07445
1.77091
4.44180

436.25907

4.20423
2.40980
1.68805
154.94855

163.25062

5.20452
4.35773
2.00638
206.06499
1.02629

218.65992

5.53500
4.63966
1.80868
184.68036

196.66370

2.
Q.
1.
95.

*** End of

1200 HPLC 7/27/2016 3:04:33 PM SYSTEM

Report ***
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C:\Xcalibur\...\middle_con_Orbi_+ESI

middle_con_Orbi_+ESI #2-20 RT: 0.01-0.19 A\
T: FTMS + p ESI Full ms [50.00-800.00]

Mass Spectrum of Compound 14
6/24/2016 3:47:13 PM
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'H NMR (500 MHz, CDCls) of 2-(4-nitrophenyl)propan-2-ol (18)
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3C NMR (500 MHz, CDCl3) of 2-(4-nitrophenyl)propan-2-ol (18)
o < - LN
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HPLC trace of Compound 20
Data File C:\Chem32\1\Data\ZHE\Norbenzyl-Phestatin.D
Sample Name: Norbenzyl-Phestatin

Acq. Operator : SYSTEM
Sample Operator : SYSTEM
Acq. Instrument : 1200 HPLC Location : -

Injection Date : 7/7/2016 2:48:11 PM
Inj Volume : No inj

Method : C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
Last changed : 4/30/2014 1:53:57 AM by ERICAP
Sample Info : Norbenzyl-Phestatin

GRAD 2 50-90 ACN

20160707

DAD1 A, Sig=254,4 Ref=off (ZHE\Norbenzyl-Phestatin.D)
mAU v
200

150
100

50

P W R W e i

T T T T T T T T T T T T T T T T T T T T T T T T T T T T

10 15 20 25

5
DAD1 C, Sig=210,8 Ref=off (ZHE\Norbenzyi-Phestatin.D)
<

=)
=3
vl
1.293
20.135
25.006

L 1 1

T T T T T T T T T T T T T T T T T T

T
15 20

N
o

5 10
DAD1 E, Sig=280,16 Ref=off (ZHE\Norbenzyl-Phestatin.D)
mAU 3 g

w
o
(=]

NN
o O
S o
vl il

-
o o wm
o o o

Ll

TR

o

L

T T T T T T T T T T T T T T T T T T T T T T T T T T T T

15 20 25

5 10
DAD1 G, Sig=300,16 Ref=off (ZHE\N orbenzyl-Phestatin.D)
<

3
=
(e

= NN
o o O
o O O

100

5 10 15 20 25
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Data File C:\Chem32\1\Data\ZHE\Norbenzyl-Phestatin.D

Sample Name: Norbenzyl-Phestatin

DAD1 H, Sig=320,16 Ref=off (ZHE\Norbenzyl-Phestatin.D)
mAU »
2oo—f
150%
1005
SOé
0
) I -
—_— : e
5 10 15 20 25 min)
Area Percent Report
Sorted By : Signal
Multiplier 5 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
bl EESEERS |<xmn]oeemne |<nmmmee e | -mme e |<mmmeee |
1 9.554 BB 0.1339 2177.75610 249.31061 100.0000
Totals : 2177.75610 249.31061
Signal 2: DAD1 C, Sig=210,8 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EREELRs FRCCIEOEPee |-meemee e RSP |-meeeeee |
1  1.293 BV 0.0727 19.11470 3.67168 ©.2548
2  9.554 BB 0.1363 7414.29053 845.71783 98.8449
3 20.135 BB 0.1791  27.84004 2.40504 ©.3712
4 25.006 BB 0.1964  39.68525 3.11932  0.5291
Totals : 7500.93052 854.91388
Signal 3: DAD1 E, Sig=280,16 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI PR |-=en [ mee |--eememee | -meemneees |<mmn e |
1 9.554 BB 0.1341 3399.72144 388.38205 100.0000
Totals : 3399.72144 388.38205
1200 HPLC 7/27/2016 2:58:59 PM SYSTEM Page % o 8
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Data File C:\Chem32\1\Data\ZHE\Norbenzyl-Phestatin.D
Sample Name: Norbenzyl-Phestatin

Signal 4: DAD1 G, Sig=300,16 Ref=off
Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
ORI EETEEE RS EEEEs |<mmeemeee | mmeeeee |<mmeeee |

1 9.554 BB 9.1341 3069.21484 350.57813 100.0000

Totals : 3069.21484 350.57813

Signal 5: DAD1 H, Sig=320,16 Ref=off

Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
ORI EEREE R |-mmemeee [ mermmee [-meemee |
1 9.554 BB 0.1342 2399.73413 274.06729 160.0000

Totals : 2399.73413 274.06729

*** End of Report ***
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Mass Spectrum of Compound 20

C:\Xcalibur\...\nor benzyl_Orbi_+ESI

6/27/2016 3:35:19 PM

nor benzyl_Orbi_+ESI #1-20 RT: 0.01-0.20 AV:
T: FTMS + p ESI Full ms [120.00-1000.00]
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HPLC trace of compound 21
Data File C:\Chem32\1\Data\Blake\Phenstatin Mono Benzyl 2016-06-24 15-04-17.D
Sample Name: Phenstatin Mono Benzyl

Acq. Operator : SYSTEM
Sample Operator : SYSTEM
Acq. Instrument : 1260 HPLC Location : 4
Injection Date : 6/24/2016 3:04:17 PM

Inj Volume : No inj
Method : C:\CHEM32\1\METHODS\GRAD 2 58-98 ACN.M
Last changed : 4/38/2014 1:53:57 AM by ERICAP

DAD1 A, Sig=254 4 Ref=off (Blake\Phenstatin Mono Benzyi 2016-06-24 15-04-17.D)
mal 1=

400
350
300 =
250
200 =
150 4
1005
50

| F2623
Hastl

0]

T T T T T T T T T T T T T T T T T T T T T

il

DADI C, Sig=210,8 Ao {Blake\Phenstatin ons Benzyl 2016-06-24 15-04-17.0)
mAU ] 2

1400 —

1200

1000
800
600
400}

20.137
25.012

w0] B 8
-

04—

570
0.855
1138
s

I : e

T " T
10 15

B_
8_

miry

5
DAD1 E, Sig=280,16 Ref=off (Blake\Phenstatin Mono Benzyl 2016-06-24 15-04-17.D)

mall 3 =]

> 2,623
HEoH

mi

5 10
DAD1 G, Sig=300,16 Ref=off (Blake\Phenstatin Mono Benzyl 2016-06-24 15-04-17.D)
mall 3 =

HEBM

il
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Data File C:\Chem32\1\Data\Blake\Phenstatin Mono Benzyl 2016-06-24 15-04-17.D
Sample Name: Phenstatin Mono Benzyl

DAD1 H, Sig=320,16 Ref=off (Blake\Phenstatin Mono Benzyl 2016-06-24 15-04-17.D)
mAL 7 2
400
300
200
100 % %
2 T T T T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25
Area Percent Report
Sorted By : Signal
Multiplier 5 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
bl EETEER |<xmn]eeemne |<nmmme o | -mme e |<mmmeee |
1 2.623 VB 0.0705 97.26770  20.82153  2.3829
2 10.050 BB 0.1355 3948.82544 445.16821 96.7381
3 17.741 BV 09.1500  18.17998 1.89374 0.4454
4 18.014 VB 0.1521  17.70173 1.77931 ©.4337
Totals : 4081.97484 469.66279
Signal 2: DAD1 C, Sig=210,8 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
Rl EETEERS FRTEEREPE |<xmmm o | 2mme e |<mmmeee |
1 1.164 BV 0.0694  33.68466 6.85008 ©.2351
2 1.400 W 0.0721  12.71162 2.55651 ©.0887
3 2.485 BV 0.0637 7.93202 1.94075 ©.0554
4 2.623 VB 0.0704 125.16396  26.84341 0.8735
5 8.888 BB 0.1209  15.13440 1.94245 0.1056
6 9.570 BB 0.1334 17.91170 2.02143  ©0.1250
7 10.050 BB 0.1415 1.38537e4 1531.66199 96.6844
8 10.855 BB 0.1800  21.19083 1.69345 ©.1479
9 11.367 BV 0.1523  19.79466 2.02063 ©0.1381
16 11.660 VB 9.1551  16.72773 1.66669 ©.1167
11 17.741 BV 0.1504  74.01029 7.68025  ©0.5165
12 18.9015 VB 0.1550  75.58664 7.41189  ©.5275
13 20.137 BB 0.1881  14.42555 1.21834 0.1007
14 25.012 BB 0.2047  40.80371 3.07725 0.2848
1200 HPLC 7/27/2016 3:06:06 PM SYSTEM Page 2 of 3
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Data File C:\Chem32\1\Data\Blake\Phenstatin Mono Benzyl 2016-06-24 15-04-17.D
Sample Name: Phenstatin Mono Benzyl

Totals : 1.43287e4 1598.57912

Signal 3: DAD1 E, Sig=280,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 2.623 VB 0.0706 166.48155 35.57878  2.4453
2 10.050 VB ©.1357 6572.88330 739.32458 96.5442
3 17.741 BV 0.1502  33.93770 3.52851 0.4985
4 18.015 VB ©.1519  34.85859 3.50779 @.5120

Totals : 6808.16114 781.93966

Signal 4: DAD1 G, Sig=300,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 2.484 BV 0.0650 13.30461 3.16819 0.2212
2  2.623 VB 0.0709 97.07500 20.62395 1.6139
3 10.650 VB 0.1357 5846.73633 657.68555 97.2065
4 17.741 BV 0.1502  28.39500 2.95145 0.4721
5 18.014 VB 9.1519  29.24918 2.94428 0.4863

Totals : 6014.76011 687.37341

Signal 5: DAD1 H, Sig=320,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e B ot | -ommmmee |<ommeee |
1 2.484 BV 0.0668 27.32641 6.27228 0.6116
2 2.623 VB 0.0722 28.46769 5.90924 0.6372
3 10.050 VB ©.1357 4383.14844 493.09454 98.1016
4 17.740 BV 0.1504 14.43601 1.49873 9.3231
5 18.015 VB 0.1524 14.59014 1.46198 ©.3265

Totals : 4467.96868 508.23677

*** End of Report ***
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C:\Xcalibur\...\mono benzyl_Orbi_+ESI

mono benzyl_Orbi_+ESI #1-20 RT: 0.01-0.16 A
T: FTMS + p ESI Full ms [120.00-1000.00]

Mass Spectrum of Compound 21
6/27/2016 3:46:17 PM
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H NMR (500 MHz, CDCls) of (4-methoxy-3-((
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3¢ NMR (500 MHz, CDCls) of (4-methoxy-3-((2-(4-nitrophenyl)propan-2-yl)oxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (22)
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HPLC trace of Compound 22

Data File C:\Chem32\1\Data\Blake\PHENGEMBENZ0028.D
Sample Name: PhenstatinGembenzyltrig

Acq. Operator
Acq. Instrument
Injection Date
Method

Last changed

BLAKE
Instrument 1
5/25/2016 8:27:08 PM

Location : -

: C:\CHEM32\1\METHODS\GRAD 2 50-908 ACN.M

: 4/30/2014 1:53:57 AM by ERICAP

DAD1 A, Sig=254,4 Ref=0ff (Blake\PHENGEMBENZ0028.D)

mAU ] [y
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1200 HPLC 7/27/2016 3:10:07 PM SYSTEM Page
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Data File C:\Chem32\1\Data\Blake\PHENGEMBENZ0©28.D
Sample Name: PhenstatinGembenzyltrig

Sorted By
Multiplier
Dilution

Signal

1.
i

0000
0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type W
#  [min] [
1 0.714 BB 0.
2 0.788 BV 0.
3 0.966 W 0.
4 1.066 VB 0.
5 1.261 BB 0.
6 2.958 BB 0.
7 9.409 BB 0.
8 10.817 BB 0.
9 12.102 BV 0.
16 13.613 BB 0.
11 14.698 BB 0.

Totals :

idth

Area
[mAU*s]

1.00425e4 1140.

.58301
.73879
.62234
.07420

Signal 2: DAD1 C, Sig=210,8 Ref=off

Peak RetTime Type W
#  [min] [
1 0.721 BV
2 0.957 VB
3 1.102 BB
4 1.245 BB
5 2.957 BB
6 3.732 BB
7 4.425 BB
8 5.199 BV
9 5.533 W
10 5.810 VB
11 7
12 8.781 BB
13 9.411 BB

NN R R R R R R
R ® VoK NO U A
BB R R R R R R
AlWWNNOO®®
QWO WE U
W O R NO R W
WNWRBABNNO®
WS WS W W
T T DL @

1200 HPLC 7/27/2016 3:10

w
[
00
=2}
w
[SSI~TI oS T o> T o> B o> B o ST B S T o> N o S T o> B o> Y.~ B . T o> B o> B o> B0 o> B o0

idth Area
min] [mAU*s]
.0447 1461.52954
0674 64.74452
0571 15.24200
.0672 51.74103
1593 54.75251
.1021 22.23397
.1374 10.97531
1054 6.87328
.1920 37.97945
.1214 14.23922
<1.31% 62.97500
.1254 10.26077
.1549 112.26086
.1466 11.22099
.1069 18.19983
.1487 2.02327e4
.1433 44.72208
.1659 11.08892
1889 70.74862
<1942 17.23422
.1903 41.92006

107 PM SYSTEM

Height Area
[mAU] %
43.34666 1.0177
2.19634 0.1154
4.22338 0.2324
1.47398 0.0837
1.55368 0.1396
2.11404 0.1881
4.95399 0.4879
1074.87256 97.1235
2.14927 0.1966
2.10450 0.2452
1.40602 0.1700
39442
Height Area
[mAU] %
521.25201 6.5254
14.14843 0.2891
4.12479 0.0681
11.34311 0.2310
4.94014 0.2445
3.40823 0.0993
1.21530 0.0490
1.01010 0.0307
2.73436 0.1696
1.81732 0.0636
7.41682 0.2812
1.28221 0.0458
11.20404 0.5012
1.18407 0.0501
2.68996 0.0813
2132.34351 90.3351
4.86408 0.1997
1.02774 0.0495
5.54352 0.3159
1..27914. 0.0769
3.43787 0.1872
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Data File C:\Chem32\1\Data\Blake\PHENGEMBENZ©028.D

Sample Name: PhenstatinGembenzyltrig

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e R EEESERRIS |<xmmmee o | mme e |<mmmeee |
22 24.936 BB 9.1983 23.75110 1.84351 ©.1060
Totals : 2.23974e4 2740.11024
Signal 3: DAD1 E, Sig=280,16 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EETEE |-mme]-mmeee |<nmeemeees | mmee e |<mmeeee |
1 ©.712 BB 0.0393 61.94859 26.47076  ©.9453
2 0.79 BV 0.0805 16.87462 3.050186 ©.2575
3 ©.968 VB 0.0748 18.17283 3.48493 0.2773
4 1.261 BB 0.1265 10.94446 1.17686 ©.1670
5 2.956 BB 0.1265 11.04522 1.30888 ©.1685
6 9.410 BB 0.1523 31.17676 3.12741  ©.4757
7 10.817 BB ©.1397 6391.30029 705.65088 97.5262
8 13.612 BB 0.1755 11.95675 1.62936 ©.1825
Totals : 6553.41952 745.29904
Signal 4: DAD1 G, Sig=300,16 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EETEEE |-mme]ommeee |<nmseenee | mmeeeee |«mmeeee |
1 ©.711 BB 0.0393 51.22318 21.89296 1.0584
2 0.969 BV 9.2164 85.29426 4.91742 1.7624
3 1.261 VB 0.1406 22.319600 2.05697 0.4612
4 9.411 BB 0.1509 13.82855 1.40356 ©.2856
5 10.817 BB 9.1396 4667.10986 515.53510 96.4325
Totals : 4839.76686 545.80594
Signal 5: DAD1 H, Sig=320,16 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EEEEEEE R R |<mmemeee [mermmee [-mmemee |
1 ©.710 BB 0.0391 45.33421 19.50666 ©.9726
2 0.970 BV 0.2400 94.89272 4.89924  2.0358
3 1.260 VB 0.1407 23.02846 2.12033 0.4941
4 3.732 VB 9.1022 7.11667 1.6216 ©.1527
5 7.307 BB 0.1299 8.64792 1.03083 9.1855
6 10.817 BB 0.1395 4482.10010 495.50699 96.1593
Totals : 4661.12007 524.12621

1200 HPLC 7/27/2016 3:10:87 PM SYSTEM
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Data File C:\Chem32\1\Data\Blake\PHENGEMBENZ0©28.D
Sample Name: PhenstatinGembenzyltrig

*** End of Report ***

1200 HPLC 7/27/2016 3:10:87 PM SYSTEM Page 4 of 4
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C:\Xcalibur\...\gem benzyl_Orbi_+ESI

gem benzyl_Orbi_+ESI #2-20 RT: 0.01-0.19 A\
T: FTMS + p ESI Full ms [120.00-1000.00]

Mass Spectrum of Compound 22
6/27/2016 3:58:29 PM
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'H NMR (500 MHz, CDCls) of Ethyl 2-amino-1-
n O
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-imidazole-5-carboxylate (26)
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3¢ NMR (500 MHz, CDCls) of Ethyl 2-amino-1-methyl-1H-imidazole-5-carboxylate (26)
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'H NMR (500 MHz, CDCls) of Ethyl 1-methyl-2-nitro-1H-imidazole-5-carboxylate (27)
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3C NMR (500 MHz, CDCl3) of Ethyl 1-methyl-2-nitro-1H-imidazole-5-carboxylate (27)
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'H NMR (500 MHz, CDCls) of (1-methyl-2-nitro-1H-imidazol-5-yl)methanol (28)
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3C NMR (500 MHz, CDCl3) of (1-methyl-2-nitro-1H-imidazol-5-yl)methanol (28)
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'H NMR (500 MHz, CDCls) of 1-Methyl-2-nitro-1H
< o

-imidazole-5-carbaldehyde (29)
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3C NMR (500 MHz, CDCls) of 1-Methyl-2-nitro-1H-imidazole-5-carbaldehyde (29)
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n

3C NMR (500 MHz, Acetone d-6) of 1-(1-Methyl-2-nitro-1H-imidazol-5-yl)ethan-1-ol (30)
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'H NMR (500 MHz, CDCl,) of (4-methoxy-3-((1-methyl-2-nitro-1H-imidazol-5-yl)methoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (31)
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HPLC trace of Compound 31

Data File C:\Chem32\1\Data\Graham\GJC-II-62 2016-06-27 10-16-41.D
Sample Name: GIC-II-62

Acg. Operator

Sample Operator :

Acq. Instrument
Injection Date

Method
Last changed

: SYSTEM
SYSTEM
: 1200 HPLC Location : 1
: 6/27/2016 10:16:41 AM
Inj Volume : No inj

: C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
: 4/30/2014 1:53:57 AM by ERICAP

DAD1 A, Sig=254,4 Ref=off (Graham\GJC-II-62 2016-06-27 10-16-41.D)

7o)

T T T T T T T T T T T T T T T T T T T T T T T T T T
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1200 HPLC 7/27/2016 3:11:33 PM SYSTEM
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Data File C:\Chem32\1\Data\Graham\GJC-II-62 2016-06-27 10-16-41.D
Sample Name: GJC-II-62

DAD1 H, Sig=320,16 Ref=off (Graham\GJC-II-62 2016-06-27 10-16-41.D)
mAU ] o
3 2]
250 <+
200;
150§
100—5
50 Q 0
] S | <
0 £ 2,
— ] T —
5 10 15 20 25 min)
Area Percent Report
Sorted By : Signal
Multiplier 5 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
Rl EESEER |-xmn]eeemee |<xmmme o e |<mmmeee |
1 4.655 BB 0.1037 492.90375 73.97382 100.0000
Totals : 492.90375  73.97382
Signal 2: DAD1 C, Sig=210,8 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EREETRE [ECCIEOOPe |-meemeeee TR |-meeeee |
1 1.133 BB 0.0631  45.22847 10.32059 1.2369
2 1.705 BB 0.0687  26.42975 5.85398 7228
3  3.019 BB 0.1163  25.94071 3.35139 ©.7094
4 4.655 BB 0.1038 3395.83325 509.36142 92.8674
5 9.415 BB 0.1376  60.64553 6.82763  1.6585
6 20.074 BB 0.1860  41.57561 3.56745 1.1370
7 24.961 BB 9.1989  60.99513 4.65493  1.6681
Totals : 3656.64845 543.93739
Signal 3: DAD1 E, Sig=280,16 Ref=off
1200 HPLC 7/27/2016 3:11:33 PM SYSTEM Page 2 of 3
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Peak RetTime Type Width Area
#  [min] [min] [mAU*s]

1 4.655 BB 0.1017 1203.02307 180.74945 98.3370
1.6630

2 9.415 BB 0.1378  20.34402

Totals : 1223.36709

Signal 4: DAD1 G, Sig=300,16 Ref=off

Peak RetTime Type Width Area
#  [min] [min] [mAU*s]

2.28747

183.03692

Height
[mAU]

Data File C:\Chem32\1\Data\Graham\GJC-II-62 2016-06-27 10-16-41.D
Sample Name: GJC-II-62

1 4.655 BB 9.1016 1759.79248 264.55835 98.5151

2 9.415 BB 0.1385 26.52550

Totals : 1786.31798

Signal 5: DAD1 H, Sig=320,16 Ref=off

Peak RetTime Type Width Area
#  [min] [min] [mAU*s]

1 3.020 BV 0.0863 6.43352
2 4.655 BB 0.1017 1863.36987
3 9.415 BB 0.1386  20.77160

Totals : 1890.57500

2.96211

267.52046

Height
[mAU]

1.13186
279.61612
2.31634

283.06432

*%5% End of

1200 HPLC 7/27/2016 3:11:33 PM SYSTEM

Report ***

1.4849

9.3403
98.5610
1.0987
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Relative Abundance

Relative Abundance

C:\Xcalibur\...\nor imidazole_orbi+ESI

nor imidazole_orbi+ESI #1-20 RT: 0.01-0.23 AV
T: FTMS + p ESI Full ms [150.00-700.00]

Mass Spectrum of Compound 31
8/1/2016 11:49:48 AM
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e 1 L o h — ~
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40
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idazol-5-yl)ethoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (32)
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BC NMR (500 MHz, CDCIl5) of (4-methoxy-3-(1-(1-methyl-2-nitro-1H-imidazol-5-yl)ethoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (32)
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HPLC trace of compound 32
Data File C:\Chem32\1\Data\Graham\GJC-bw7.39 2016-06-28 ©9-33-37.D
Sample Name: GIC-bw7.39

Acg. Operator

Sample Operator :

Acq. Instrument
Injection Date

Method
Last changed

: 1200 HPLC
: 6/28/2016 9:33:37 AM

: SYSTEM

SYSTEM
Location

Inj Volume :
: C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
: 4/30/2014 1:53:57 AM by ERICAP

No inj

mAU

150
125
100
75
50
25

DAD1 A, Sig=254,4 Ref=off (Graham\GJC-bw7.39 2016-06-28 09-33-37.D)

D

9.387

T T T T T T

T
5 10

T
15

min|

1000

1.115
.704

.019

DAD1 C, Sig=210,8 Ref=off (Graham\GJC-bw7.39 2016-06-28 09-33-37.D)

20.048
24.923

@
[=1
(=}

P I I B AT I M

L

g
| _L3.770

o] S —-
T5.700
b9.387

N
(=]
N
o

mir

DAD1 E, Sig=280,16 Ref=off (Graham\GJC-bw7 .39 2016-06-28 09-33-37.D)

D

699
9.387

T T T T T T i
5 10

I
15

min

500
400
300
200
100

DAD1 G, Sig=300,16 Ref=off (Graham\GJC-bw7.39 2016-06-28 09-33-37.D)

T T NN FERTN PR S Fn

1.73.019

min

1200 HPLC 7/27/2016 3:11:02 PM SYSTEM
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Data File C:\Chem32\1\Data\Graham\GJC-bw7.39 2016-06-28 ©9-33-37.D
Sample Name: GJC-bw7.39

DADT H, Sig=320,16 Ref=off (Graham\GJC-bw7.39 2016-06-28 09-33-37.D)
mAU &
600 J
500
400
300
200

100

5 10 15 20 25

Sorted By : Signal
Multiplier 5 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
el R B |<-mmmeee | -ommmmee |<mmmeee |
1 5.169 BB 0.1079 1308.11023 186.41667 98.6448
2 9.387 BB 0.1370  17.97061 1.99658  1.3552
Totals : 1326.08084 188.41325

Signal 2: DAD1 C, Sig=210,8 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e [vmmn] e [mmnmnen = [mmmmmminne - [mmmmne |
1 1.115 BB 0.0636  20.10123 4.73168 ©.2177
2 1.704 BV 0.0693 8.56182 1.875386 ©.0927
3  3.019 BB 0.0982  41.66935 6.21576  ©.4512
4 3.770 BB 9.1098  35.03053 4.87756  ©.3793
5 5.168 BV 0.1083 8845.59863 1254.06128 95.7801
6 5.700 VB 0.1295  45.40988 5.11972 ©.4917
7 9.387 BB 0.1394 138.76819 15.35983 1.5026
8 20.048 BB 0.1804  40.14570 3.43492 0.4347
9 24.923 BB 0.1998 60.03834 4.61281 0.6501
Totals : 9235.32416 1300.28885

1200 HPLC 7/27/2016 3:11:02 PM SYSTEM
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Data File C:\Chem32\1\Data\Graham\GJC-bw7.39 2016-06-28 ©9-33-37.D
Sample Name: GJC-bw7.39

Signal 3: DAD1 E, Sig=280,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EEPEEEE |-mee]-mmee |<mmemeee | mmeemee |<mmeeee |
1 3.019 BB 0.0922 11.24072 1.81736  ©.3528
2 3.770 BB 0.1068 8.59604 1.24056 0.2698
3 5.169 BV ©.1080 3104.03003 441.85226 97.4361
4 5.699 VB 0.1433 15.31675 1.52331 ©.4806
5 9.387 BB 0.1395 46.52958 5.14450 1.4606

Totals : 3185.70712 451.57793

Signal 4: DAD1 G, Sig=300,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 3.019 BB 0.0916  13.27996 2.16508 0.289%4
2 3.770 BB @.1e61  11.34777 1.65200 ©.2473
3 5.169 BV 0.1080 4477.59424 637.43597 97.5884
4 5.700 VB 0.1506  25.92229 2.42757 0.5650
5 9.387 BB 0.1397 60.09922 6.63421 1.3099

Totals : 4588.24348 650.31484

Signal 5: DAD1 H, Sig=320,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EEREE |-mee]omme e |<nmeeeee | mmeenee |«mmeeee |
1 1.912 BB 0.0793 5.62801 1.03708 9.1181
2 3.019 BB 0.0924 13.15536 2.12034 0.2762
3 3.770 BB 0.1030 8.79059 1.29828 0.1845
4 5.169 BV 0.1080 4662.22168 663.61096 97.8683
5 5.699 VB 0.1514 26.86522 2.49865 0.5639
6 9.387 BB 0.1379 47.10875 5.18836 ©.9889
Totals : 4763.76961 675.75368
*** End of Report ***
1260 HPLC 7/27/2016 3:11:02 PM SYSTEM Page 3 af 3

273



Relative Abundance

Relative Abundance

C:\Xcalibur\...\mono imidazole_orbi+ESI

mono imidazole_orbi+ESI #2-20 RT: 0.01-0.20 .
T: FTMS + p ESI Full ms [150.00-700.00]

Mass Spectrum of Compound 32

8/1/2016 11:57:46 AM
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'H NMR (500 MHz, CDCls) of (5-nitrofuran-2-yl)methanol (34)
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13(:

NMR (500 MHz, CDCls) of (5-nitrofuran-2-yl)methanol (34)
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'H NMR (500 MHz, CDCls) of 1-(5-nitrofuran-2- yI)ethan 1-ol (35)
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3C NMR (500 MHz, CDCl3) of 1-(5-nitrofuran-2-yl)ethan-1-ol (35)
o))

f1 (ppm)
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'H NMR (500 MHz, CDCls) of 1-(5-nitrofuran-2-yl)ethan-1-one (36)
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3C NMR (500 MHz, CDCl3) of 1-(5-nitrofuran-2-yl)ethan-1-one (36)
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1

H NMR (500 MHz, CDCl5) of 2-(5-nitrofuran-2-yl)propan-2-ol (37)
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3C NMR (500 MHz, CDCl3) of 2-(5-nitrofuran-2-yl)propan-2-ol (37)
N

282

LN © LN
o ! n M = N
< — NN M ©
© Ln — O o) 0
— i — O (o}
H,C, FHs | [ |
HO 0
NUND:
|
| . L L
T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 10
f1 (ppm)



N
Q
N

|

O 0
®
™M
~

-3-((5-nitrofuran-2-yl)methoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (38)
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n-2-yl)methoxy)phenyl)(3,4,5-trimethoxyphenyl)methanone (38)
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HPLC trace of compound 38
Data File C:\Chem32\1\Data\Blake\Phenstatin Nor Furan RC Solid.D
Sample Name: Phenstatin Nor Furan RC Solid

Acq. Operator : SYSTEM
Sample Operator : SYSTEM
Acq. Instrument : 1200 HPLC Location : 1
Injection Date : 7/11/2016 12:11:15 PM

Inj Volume : No inj
Method 1 C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
Last changed : 4/30/2014 1:53:57 AM by ERICAP

DAD1 A, Sig=254,4 Ref=off (Blake\Phenstatin Nor Furan RC Sdlid.D)
mAl 3 =
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(=} (=]
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1200 HPLC 7/27/2016 2:56:09 PM SYSTEM Page 1l of 8
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Data File C:\Chem32\1\Data\Blake\Phenstatin Nor Furan RC Solid.D

Sample Name: Phenstatin Nor Furan RC Solid

DAD1 H, Sig=320,16 Ref=0ff (Blake\Phenstatin Nor Furan RC Solid.D)
mAU ] =
800
600
400
] o S o
0 2 £00 : T
—— T —
5 10 15 20 25 min)
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EEREEe |--ee]-meeee |<neemeee | -mmeeeee |<mmeeeee |
1 3.¢e3 BB 0.0861  19.43468 3.42946  ©.9099
2 6.814 BB 9.1169 2116.50854 277.77905 99.0901
Totals : 2135.94322 281.20851
Signal 2: DAD1 C, Sig=210,8 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI e B | -menmneee |--en e |
1 1.312 BB 0.1514  38.18913 3.99856 ©.2715
2 3.004 BB 9.0917 139.60963 22.71666 ©.9926
3  5.017 BB 0.1257  19.12942 2.23739 0.1360
4 6.082 BB 0.1129 42.63132 5.85598 ©.3031
5 6.814 BB 0.1213 1.36771e4 1748.27014 97.2408
6 10.263 BB 9.1351  19.30628 2.184386 ©.1373
7 20.09 BB 0.1801 54.73910@ 4.69318 9.3892
8 24.956 BB 0.1972  74.47594 5.82237 ©.5295
Totals : 1.40652e4 1795.77851
1200 HPLC 7/27/2016 2:56:09 PM SYSTEM Page 2 of 3
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Signal 3: DAD1 E, Sig=280,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EEREEE FERS EEEes |<nmeemeee e |<mmeeee |
1 3.003 BB 0.0860 37.46567 6.62766  0.6635
2 6.082 BB 0.1126 13.18989 1.81989 0.2336
3 6.814 BB 0.1168 5595.62842 734.84283 99.1029
Totals : 5646.28397 743.29039
Signal 4: DAD1 G, Sig=300,16 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EEREEe |-mee]-mee e |<nmeemeee | mmeeeee |<mmeeee |
i 3.003 BB 0.0862 44.83185 7.90127 ©.5356
2 6.082 BB 0.1122 16.83401 2.33198 ©.2011
3 6.814 BB 0.1170 8296.80371 1087.12134 99.1219
4 10.262 BB 0.1325 11.83290 1.37401 ©.1414
Totals : 8370.30247 1098.72860
Signal 5: DAD1 H, Sig=320,16 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
s [meees FEREIERRE |<xmmme o | -mme e |<mmmeee |
1 3.004 BB 0.0873  44.69609 7.74583  9.5544
2 6.082 BB 0.1122 14.82649 2.05433 0.1839
3 6.814 BB 0.1170 7991.61816 1647.00903 99.1334
4 10.261 BB 9.1325 10.33726 1.20055 9.1282

Totals : 8061.47800 1058.00974

*** End of Report ***

1200 HPLC 7/27/2016 2:56:89 PM SYSTEM
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Data File C:\Chem32\1\Data\Blake\Phenstatin Nor Furan RC Solid.D
Sample Name: Phenstatin Nor Furan RC Solid
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Relative Abundance

Relative Abundance

C:\Xcalibur\...\nor furan_Orbi_+ESI

nor furan_Orbi_+ESI #2-20 RT: 0.01-0.18 AV: 1
T: FTMS + p ESI Full ms [120.00-1000.00]

Mass Spectrum of Compound 38
6/27/2016 4:06:54 PM
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oxyphenyl)methanone (39)
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HPLC trace of compound 39
Data File C:\Chem32\1\Data\Blake\Phenstatin Mono Furan 2016-06-27 12-23-15.D
Sample Name: Phenstatin Mono Furan

Acg. Operator

Sample Operator :
: 1200 HPLC

Acq. Instrument
Injection Date

Method

Last changed

: SYSTEM

SYSTEM
Location

: 6/27/2016 12:23:15 PM

Inj Volume :
: C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
: 4/30/2014 1:53:57 AM by ERICAP

No inj

DAD1 A, Sig=254 4 Ref=off (Blake\Phenstatin Mono Furan 2016-06-27 12-23-15.D)
mAU 3 @
250
200
150
100
50
E ;
—
5 10 15 20 25 min
DAD1 C, Sig=210,8 Ref=off (Blake\Phenstatin Mono Furan 2016-06-27 12-23-15.D)
mAUé 2
1750
1500
1250
1000
7503
500 ~ R = -
T B8 2 8 B 2 o S G o 5
0; THNJEQ‘JEI\I 16’%‘_\‘ Hetr ‘Nu A
.t i e B N R —
5 10 20 25 min
DAD1 E, Sig=280,16 Ref=off (Blake\Phenstatin Mono Furan 2016-06-27 12-23-15 D)
mAU 3 s
700
600
5003
4003
3005
200 <
E IS £ B
1003 = © = 5
0 S e T
—
5 10 15 20 25 min
DAD1 G, Sig=300,16 Ref=off (Blake\Phenstatin Mono Furan 2016-06-27 12-23-15.D)
mAU ] 3
1000
800
600
400
] o 0 =N
200 8 g 2 & B
] < = =
0 ol . 2 T
E T T T T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25 min
1200 HPLC 7/27/2016 2:57:58 PM SYSTEM Page 1 of 3
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Data File C:\Chem32\1\Data\Blake\Phenstatin Mono Furan 2016-06-27 12-23-15.D
Sample Name: Phenstatin Mono Furan

DAD1 H, Sig=320,16 Ref=off (Blake\Phenstatin Mono Furan 2016-06-27 12-23-15.D)
mAU 3

1000
800 |
600
400

] © I

200 8592 2 & B

] -3 O - — &N

1 DN L o Neaala

0 P i T T T L

————————————————————————————
5 10 15 20 25

Area Percent Report

Sorted By : Signal
Multiplier 5 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
el R B |<mmmmeee e |<nmmeee |

1 7.859 BB ©0.1215 2570.55176 320.66025 100.0000

Totals : 2570.55176 320.66025

Signal 2: DAD1 C, Sig=210,8 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
el T el T |- emee o | mmmemnee |mmeeen |
1 1.143 BV 0608  29.18751 28058 ©.1716
2 1.204 W 0563  16.28708 28681 ©.0957
3 1.403 W 1110  24.16215 84804 ©.1420
4 2.100 BB 0761  14.81390 87721 ©.0871
5 3.043 BB 1038  24.08342 43290 0.1416
6 4.433 BB 0990 9.47919 51485 ©.0557
7 5.807 BB 1557  12.29721 10599 ©.0723
8 7.509 BV .1404 9.60507 03346  ©.0565
9 7. .66029%4 203
16 9.112 VB .1640  41.80635 69494 2457

=
[
=
o]
oo
o
N
o
o

L1713 23.59030
.1653 46.23188
.1197  11.18849
.1333 56.25783
.1291  36.92906
1803 16.98117
.2001  36.88857

B R R R
A WwN
B R R R
N R R R
® 0 O W
O O W w
O &~ OV W

© W

< W

[y
(o)}
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(o]
= oo
w vl
= \e}
o
g g
[a~ I o> B B o~ B o> I~ I o> B o B o B o> B o » B o S B o B o B A B A B a8 ]
=
N
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N
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o
N
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©
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N
Ul
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Pt
IS
w
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1200 HPLC 7/27/2016 2:57:58 PM SYSTEM Page 2 of 8
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Data File C:\Chem32\1\Data\Blake\Phenstatin Mono Furan 2016-06-27 12-23-15.D

Sample Name: Phenstatin Mono Furan

Totals : 1.70126e4 2084.76680

Signal 3: DAD1 E, Sig=280,16 Ref=off

Peak RetTime Type Width Area
#  [min] [min] [mAU*s]
ORI EEREE e R |<mmemeee | mermmee |-mmeeeee |
1 2.100 BB 0.0656 8.17356
2 3.042 BB 0.1141 8.31909
3 7.859 BB 9.1213 6659.09961
4 9.111 BB 9.1340 11.07225
5 11.864 BV 0.1343 20.66961
6 12.099 VB 0.1294 12.116873
Totals : 6719.44486

Signal 4: DAD1 G, Sig=300,16 Ref=off

Peak RetTime Type Width Area
#  [min] [min] [mAU*s]
Ol R |=-mn e |<mmmme e |<-mmeee |
1 2.100 BB 0.0656  21.83418
2 3.042 BB 0.1077 9.10506
3 7.859 BB 0.1234 9787.00977
4 9.110 BB 0.1339  16.66832
5 11.326 BB 0.1861  18.04028
6 11.864 BV 09.1363  32.98869
7 12.099 VB 0.1416  23.52586
Totals : 9909.17215

Signal 5: DAD1 H, Sig=320,16 Ref=off

Peak RetTime Type Width Area
#  [min] [min] [mAU*s]
Ol R P |<mmmmee | -ommmmee ot |
1 2.100 BV 0.0662  34.07635
2 2.481 W 0.0843 6.13857
3  3.043 BB 0.1147 9.55276
4 7.859 BB 0.1234 9371.85645
5 9.110 BB 0.1330  16.96758
6 11.326 BB 0.1880  18.39752
7 11.864 BV 0.1360  27.99903
8 12.099 VB 0.1417  22.25044
Totals : 9507.23871

840.75747

Height
[mAU]

1.21092
1222.91431
1.90752
1.36554
3.76236
2.50489

1238.79676

7.91467
1.08086
1.17748
1170.53589
1.95958
1.37558
3.20390
2.40969

1189.65765

1200 HPLC 7/27/2016 2:57:58 PM SYSTEM

*** End of Report ***
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Relative Abundance

Relative Abundance

C:\Xcalibur\...\nor furan_Orbi_+ESI

nor furan_Orbi_+ESI #2-20 RT: 0.01-0.18 AV: 1
T: FTMS + p ESI Full ms [120.00-1000.00]

Mass Spectrum of Compound 39
6/27/2016 4:06:54 PM

199.0688
100
90 341.0995
80 466.1107
70 324.0802
60
50
40
30 498.1440
20 342.1027 659.2094 909.2322
10 | 200.0721 319.1178 357.0734  449.0914 517.1790 625.2073 |[660.2128 784.2209 910.2350
195.0490 | | 221.0508 | I ‘J, 1523 3239 L ) ||E81:2157  767-2015 | 786.2070  886.3152 | 941.2650 977.3196
C'||||||||‘I'J|||||||||||||||‘|||‘|||‘||| ||||||||||||||"||||||||_i|||||||||||||||||‘||||||||
150 200 250 300 350 400 450 550 600 650 700 750 800 850 900 950 1000
m/z
NL:
120 3.45E6
100 466.1107 nor
furan_Orbi_+ESH#2-20
80 RT: 0.01-0.18 AV: 19
60 T: FTMS + p ESI Full
ms [120.00-1000.00]
40
467.1140 498.1440
= 482.0846 496.1286
20 449.0914 : 499.1478
429.2401 439.0975 443.1941 459.1682 465.0655 | |468.1165 480.0900 | 4830880 4901472 \ |49 504.1628
NL:
120 7.67E5
466.1109
100 C22 H21NNaOg:
C22H21N1Na1O0g
80 pa Chrg 1
60
40
467.1142
20
468.1176 473.1294
0I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I
430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510
m/z
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'H NMR (500 MHz, Acetone d-6) of (4-methoxy-3-((2-(5-nitrofuran-2-yl)propan-2-yl)oxy)phenyl)(3,4,5-
trimethoxyphenyl)methanone (40)

DRAONHO—A— OO T OO 029 n
it YA~ —00NUO © ™~
NNNNGGS M ™ —

u]

NNNNNN
oo T\ o
H;CDDCH;
OCHy O

=00

O,

25922 g 5

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11,5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)
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3C NMR (500 MHz, Acetone d-6) (4-methoxy-3-((2-(5-nitrofuran-2-yl)propan-2-yl)oxy)phenyl)(3,4,5-trimethoxyphenyl)methanone

(40)
N NMQOOWOAWINTOW = L
o TNoYQo®r 10gxa MmYan Q QY @ ]
N ONMHEHMAMANIL N-ON N @ N M Q
o OMNMMMINTETEFMNMANANN —--0 N o 1 o)
| NV N2 SN/ ~\—— | NN |
0
HsCO
H3CD! !DCH3
OCH, O
=0
WO-
| ! '
I
| Uh | J{“\\Ju L I J_J H\‘w
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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1200

HPLC trace of compound 40
Data File C:\Chem32\1\Data\Blake\PhenGem Furan BW2 pTLC.D
Sample Name: PhenGem Furan BW2 pTLC

Acq. Operator : SYSTEM
Sample Operator : SYSTEM
Acq. Instrument : 1200 HPLC Location
Injection Date : 7/21/2016 10:17:15 AM

Inj Volume :
Method : C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
Last changed : 4/30/2014 1:53:57 AM by ERICAP

Additional Info : Peak(s) manually integrated

1

No inj

DAD1 A, Sig=254,4 Ref=0off (Blake\PhenGem Furan BW2 pTLC.D)

mAU ] %)
80
60
40
20 &
4 «©
4 D
0 s
o . - =
5 10 15 20 25 min|
DAD1 C, Sig=210,8 Ref=off (Blake\PhenGem Furan BW2 pTLC.D)
mAU o
700
600
500
400
3003
200 e = N Q
] w O @ o ® 0o - ©
1004 B 58 S v R 8 2 > 3
04— 5% I . = o L2
- ——
5 10 15 20 25 min|
DAD1 E, Sig=280,16 Ref=ff (Blake\PhenGem Furan BW2 pTLC.D)
mAUé o
250
200
150
100
E ° & g3
1 © el N O
\E i A BRI
- ——
5 10 15 20 25 min|
DAD1 G, Sig=300,16 Ref=off (Blake\PhenGem Furan BW2 pTLC.D)
mAU 7 o
400
300
200
100 0
4 D~ «©Q n o o
" (=3} N oM w
=z @ o w6 N Il
0 N i 1l € )
- T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25 min]
HPLC 7/27/2016 2:55:18 PM SYSTEM Page 1 of 3
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Data File C:\Chem32\1\Data\Blake\PhenGem Furan BW2 pTLC.D

Sample Name:

PhenGem Furan BW2 pTLC

DAD1 H, Sig=320,16 Ref=off (Blake\PhenGem Furan BW2 pTLC.D)
mAU I
350
3003
250
200
1503
1005
504 @ g2 o
o 5 i
= . . T
R T 58
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
Rl EETEERS |-omn]eeemne e | -mme e |<mmmeee |
1 5.985 BB 0.1196  60.40719 7.86837 6.0992
2 8.262 BB 0.1267 930.00806 114.54267 93.9008
Totals : 990.41525 122.41104
Signal 2: DAD1 C, Sig=210,8 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
OTIERELEE e |-meemee e | -menmeeee |--en e |
1 1.155 BV 0.0858  33.61111 5.45966 ©.4613
2 1.358 VB 9.0709  37.84983 7.76701  ©.5194
3 2.310 BV 0.0666 9.73679 2.24574 0.1336
4 2.966 BB 0.0929  18.28416 2.92426  ©.2509
5 5.003 BB 0.1275 15.05728 1.66511 ©.2066
6 5.985 BB 0.1178 467.81430 60.77405 6.4201
7 7.206 BV 9.1310  37.89943 4.37922 @.5201
8 7.690 VB 0.1262  40.15192 4.86780 ©.5510
9 8.262 BB 0.1267 6484.05371 798.85181 88.9842
16  9.351 BB 0.1343  16.43881 1.91213 ©.2256
11 12.e61 BB 0.1437  14.32438 1.52468 ©.1966
12 19.927 BB 0.1889  45.66555 3.72825 0.6267
13 24.823 BB 0.2168  65.85779 4.66276  ©.9038
Totals : 7286.74504 900.76130
1200 HPLC 7/27/2016 2:55:18 PM SYSTEM Page 2 of 3
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Data File C:\Chem32\1\Data\Blake\PhenGem Furan BW2 pTLC.D
Sample Name: PhenGem Furan BW2 pTLC

Signal 3: DAD1 E, Sig=280,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORI EETEE |-mee]mmme e |<nmeemeee | mmee e |<mmeee |
1 2.310 BB 0.0688 6.98924 1.54292 ©
2 5.985 BB ©.1175 144.75246 18.86642 5
3 7.205 BB 0.1274 8.80737 1.5459 0.3129
4 7.690 BB 0.1237 15.07421 1.87737 @
5 8.262 BB 0.1265 2639.51001 325.73743 93.7615

Totals : 2815.13329 349.07873

Signal 4: DAD1 G, Sig=300,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 2 0.0697 19.67340 4.27634 ©
2 2 0.0890 5.96967 1.00962 @
3 5 ©.1175 186.14351  24.25467 4.5325
4 7.205 BB 0.1267 10.81214 1.30512 @
5 7 0.1239  22.29101 2.77088 @
6 8 0.1265 3852.99243 475.58429 93.8181
7 9 0.1334 8.99324 1.03437 0.2190

Totals : 4106.87539 510.23530

Signal 5: DAD1 H, Sig=320,16 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e R |=-mm 2 e e |=ommeee |
1 2.309 BB 0.0698 32.03522 6.94673 0.9125
2 5.985 BB ©.1175 165.23119 21.53300 4.7063
3 7.690 BB 0.1229 21.17863 2.66083 0.6032
4 8.262 BB 0.1265 3292.44238 406.37106 93.7781

Totals : 3510.88742 437.51163

*** End of Report ***

1200 HPLC 7/27/2016 2:55:18 PM SYSTEM Page S of 3
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Relative Abundance

Relative Abundance

C:\Xcalibur\...\gem-furan_orbi+ESI

gem-furan_orbi+ES| #2-20 RT: 0.01-0.16 AV: 1!
T: FTMS + p ESI Full ms [150.00-700.00]

Mass Spectrum of Compound 40

8/1/2016 11:35:39 AM

494.1422
100
90
80
70
60
50
40
30 495.1452
20
510.1157
255.5573 411.1415 491.1345
10 271.5704 472.1602 5111190 685.2095
154.0497 2141202 230.0701 l L 3060049 3410097 3g3110p 4050632| 49EBI L 5732805 592 1399 643.7093 R
O ‘) T T T T [ Tr T T T [ T T T T T [ T T T T [ T T [ T T T [ T T T T [ T TI T T [ T T T T [ T T T TL [
150 200 250 300 350 400 450 500 550 600 650 700
m/z
494.1422 NL:
100 4.10E7
80 gem-furan_orbi+
ESH2-20 RT:
60 0.01-0.16 AV: 19 T:
FTMS + p ESI Full ms
40 [150.00-700.00]
 495.1452
20 255.5573 411.1415 491.1345 510.1157
154.0497 1930383 230.0701 | 271.5704 3060049 341,0097 389.1505 _ | 406333 |} Lrslﬂgo 5732805 5921309 6437003 6852095
0 494.1422 NL:
100 7.51E5
80 C24 H2s NNaOg:
C24 H2s N1Na10g
60 pa Chrg 1
40
 495.1455
20
496.1489
O ‘ T T T T [ T T T T [ T T T T T T T [ T T T T [ T T T T [ T T T T 1[ T T T T [ T T T T [ T T T T [ T T T T [
150 200 250 300 350 400 450 500 550 600 650 700
m/z
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NADPH Cytochrome P450 Oxidoreductase Cleavage Assay

HPLC Conditions:
Solvent: 62% Acetonitrile/water isocratic; detection wavelength: 310 nm; flow rate: 1 mL/min.

[note: KGP493 is Compound 6]

Chromatogram of 100uM KGP493

E 1509 KGP493
c 2 245 min
L=
)
S 100+
<
S
@
=
s 50-
=
o
7]
0
< —————e—
0 2 4 6 8 10
Time (min)
[note: KGP469 is Compound 14]
Chromatogram of 100uM KGP469
B 154
c
S KGP469
™ 8.529 min
) .
3 10
S
[}
(&)
g 5-
=
o
(%]
Q
< 0 I I I 1
0 5 10 15 20
Time (min)
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Chromatogram of KGP469 Control (24Hr)

T 157 KGP469
c 8.547 min
o
i
o
— 10+
©
£
()
2 5d KGP493
s 2.194 min
o)
(7))
@]
< 0-
5 10 15 20
Time (min)

Chromatogram of KGP469 Treated with POR (24Hr)

KGP493

£ 297  2.198min

c A =891

S 204

(3]

= 15-

E

3 10-

c

©

2 5-

(=]

v

=

< 0 = T T 1
5 10 15 20

Time (min)
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Absorbance mAU (310nm)

Absorbance mAU (310nm)

[note: KGP470 is Compound 22]

Chromatogram of 100uM KGP470

KGP470

604 8.069 min

40+

204 KGP493

2.246 min
O fate I I I
0 5 10 15 20
Time (min)

Chromatogram of KGP470 Control (24Hr)

40-
30+ KGP470
8.080 min
20-
10+ KGP493
2.195 min

0 Bt T T i

0 5 10 15

Time (min)
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Chromatogram of KGP470 Treated with POR (24Hr)

-_— 40~
£
 —
= KGP370
2 30 8.064 min
2
KGP493
@ = 2.209 min
@
=
= 104 /
(=]
7/]
2 0- - 1 S 1 1
0 5 10 15
Time (min)

[note: KGP492 is Compound 40]

Chromatogram of 100uM KGP492

—~ 1501
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Chromatogram of KGP492 Control (24Hr)

3 80
=
=]
> 60 KGP492
- 5.337 min
-
o
E -
Q
e
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o 2041 2182 min
o
2 ¥
<
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Chromatogram of KGP492 Treated with POR (24Hr)
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APPENDIX B

Supporting Information: Bioreductively Activatable Prodrug Conjugates of Combretastatin A-1
and Combretastatin A-4 as Anticancer Agents Targeted towards Tumor Hypoxia

This appendix will be submitted to a peer reviewed journal with the following author list and
title: Laxman Devkota'’, Blake A. Winn'T, Bunnarack Kuch®, Matthew T. MacDonough®, Tracy
E. Strecker', Yifan Wang", Zhe Shi*, Jeni Gerberich?, Deboprosad Mondal®, Rajeswari
Mukherjee', Ernest Hamel®, David J. Chaplin,** Peter Davis, Ralph P. Mason,? Mary L.
Trawick'", Kevin G. Pinney" Bioreductively Activatable Prodrug Conjugates of Combretastatin
A-1 and Combretastatin A-4 as Anticancer Agents Targeted towards Tumor Hypoxia

The author Blake A. Winn contributed to this manuscript through the synthesis of six of the final
compounds (23, 35, 38, 40, 41, 44) including full characterization, which included proton and
carbon NMRs, HPLC, and HRMS. In addition, Blake A. Winn significantly contributed to the
writing and editing of the manuscript, as well as the preparation of the supporting data. Laxman
Devkota contributed to this manuscript through the synthesis of nine of the final compounds (22,
24, 25, 26, 35, 37, 39, 41, 43) including full characterization, which included proton and carbon
NMRs, HPLC, and HRMS. In addition, Laxman Devkota significantly contributed to the writing
and editing of the manuscript, as well as the preparation of the supporting data. Bunnarack Kuch
contributed through the synthesis of advanced intermediates and the CA1-BAPC 41. Matthew
MacDonough, Deboprosad Mondal, and Rajeswari Mukherjee contributed through the synthesis
of the CA4 BAPC 45. Zhe Shi and Deboprosad Mondal contributed to the spectral analysis of
the CA1 BAPCs (1D NOE, HRMS). Ralph Mason and Jeni Gerberich contributed through the in
vivo preliminary biological testing of the CA4-BAPC 45 in mice. Ernest Hamel contributed
through the preliminary biological evaluation of the CA1 and CA4-BAPCs ability to inhibit

tubulin polymerization and compete for the colchicine binding site. Tracy Strecker contributed
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through the in vitro preliminary biological testing of the CA1 and CA4-BAPCs in normoxic and

hypoxic environments in addition to SRB assays.
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Supporting Information

Bioreductively Activatable Prodrug Conjugates of Combretastatin A-1 and Combretastatin A-4
as Anticancer Agents Targeted towards Tumor Hypoxia

Laxman Devkota'?, Blake A. Winn'", Bunnarack Kuch', Matthew T. MacDonough*, Tracy E.
Strecker', Yifan Wang®, Zhe Shi', Jeni Gerberich”, Deboprosad Mondal®, Rajeswari Mukherjee,
Ernest Hamel®, David J. Chaplin,™* Peter Davis, Ralph P. Mason? Mary L. Trawick'", Kevin G.
Pinney*”

'Department of Chemistry and Biochemistry, Baylor University, One Bear Place #97348, Waco,
Texas 76798-7348, United States

2Prognostic Imaging Research Laboratory, Department of Radiology, The University of Texas
Southwestern Medical Center, 5323 Harry Hines Boulevard, Dallas, TX 75390-9058, United
States

%Screening Technologies Branch, Developmental Therapeutics Program, Division of Cancer
Treatment and Diagnosis, National Cancer Institute, Frederick National Laboratory for Cancer
Research, National Institutes of Health, Frederick, MD 21702, United States

*OXiGENE Inc., 701 Gateway Boulevard, Suite 210, South San Francisco, California 94080,

United States
TAuthors with equal contribution

*Corresponding authors. Tel.: +1 254 710 4117.
E-mail address: Kevin_Pinney@baylor.edu (K.G. Pinney).
Tel.: +1 254 710 6857.

E-mail address: Mary_Lynn_Trawick@baylor.edu (M.L. Trawick)
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Compound 34 400-401
Compound 35 402-410
Compound 36 411-418
Compound 37 419-425
Compound 38 426-433
Compound 39 434-439
Compound 40 440-445
Compound 41 446-452
Compound 43 453-458
Compound 44 459-474
Compound 45 475-482
HPLC Chromatograms for Enzymatic Cleavage Assay 483-506
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Reflux 8 h, 50 °C

AICI,

Scheme S1. Attempted Deprotection of Compounds 22, 23 and 24
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'H NMR (600 MHz, CDCls) for Compound 2
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3C NMR (151 MHz, CDCl3) for Compound 2
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'H NMR (600 MHz, CDCls) for Compound 3
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'H NMR (500 MHz, CDCls) for Compound 4
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'H NMR (600 MHz, CDCls) for Compound 5
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3C NMR (151 MHz, CDCl3) for Compound 5
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'H NMR (500 MHz, CDCl5) for Compound 6
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3C NMR (126 MHz, CDCl3) for Compound 6

8Tv'y- —

¥85°8T —
LL9°TT—
999'ST ~

r9'5S —

818'60T —

0pETCT —
TE0PCT —
9€5°8¢T

8¢6'6CT V
oT'CeET —

0/8'8ET —
£96'CHT ~—
LT6°SPT ~

PIELST —

/9981 —

OTs

OTBS

OCH,

-10

220 210 200 190 180 170 160 150 140 130 120 f %10 N 100 90 80 70 60 50 40 30 20 10
ppm

230

321



'H NMR (600 MHz, CDCls) for Compound 7
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3C NMR (151 MHz, CDCl3) for Compound 7
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'H NMR (600 MHz, CDCls) for Compound 10
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1P NMR (240 MHz, CDCl3) for Compound 10
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'H NMR (500 MHz, CDCl3) Compound 11
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3¢ NMR (126 MHz, CDCl3) for Compound 11
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'H NMR (600 MHz, CDCl3) Compound 12
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3¢ NMR (151 MHz, CDCl3) for Compound 12
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'H NMR (500 MHz, CDCls) for Compound 13
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3¢ NMR (125 MHz, CDCl3) for Compound 13
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DCI3) for Compound 15
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3¢ NMR (500 MHz, CDCl3) for Compound 15

f1 (ppm)

333

n N © © ©
! T - SR !
o O ® o ® ©
o n < M N ©
a - — — — o\
S | | | N7 |
| —HOy
st " AN 1wwmmmid me«mmwmm-v«m
T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10



v1'¢c
mH.NW
91°¢

06’
16'v

Hz, CDCl3) for Compound 16

0M
0 1
) Y
S O

HO 5
| =N,

860 |

Feee

20T

=00'T |

0.0 -0.5

0.5

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

11.0

334



—129.0
—123.4

HO 5
| =N,

MR (500 MHz, CDCl3) of Compound 16
NN

60.16

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

335



€91

Po'T

HO 5
| =i,

= FSCE |

Tm.ﬁ .

7 FI0°T

0T |

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

11.0

336



3¢ NMR (500 M

Hz, CDCl3) for Compound 17
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Cl3) for Compound 19
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'H NMR (500 MHz, CDCls) for Compound 20
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3¢ NMR (125 MHz, CDCl3) for Compound 20
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'H NMR (500 MHz, CDCls) for Compound 21

LT T~
62T

699°¢

Lol

ST8'E~
198°€ —

(X4 4
SES'P
[¥S'Y

098 —¢

¢Sy
Y85y
L6S'Y
09§ —

b9
89%'9
059

8059
615°9 /F
mmm.m\
6659
SbL'9
€9/'9
65C°L —

x

H,CO O\K/
OCHs

H3CO

OH
OCHy

LET'9
6T t

T'€

E80°T

=680

0T
10°€

AoT'T

A00'T |

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.0

7.5

8.0

342



3¢ NMR (125 MHz, CDCl3) for Compound 21
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HPLC trace of Cpmpo_ur]d 21

W1WDATANLAKMANSLD-V-11-1A\LOV-11-1ARTHO01 D

11-1A—runl

Log. Operator : Lamxman
ABcg. Instrument : Instrument 1 Location - -
Inj=ction Date - 27472014 12-51-42 PM

HEM32Y 1\METHODS \MASTERMETHOD .M

x|
Leog. Method
L

ast changed 2 2014 12:46:52 PM by Larman

Analysis Method : C:\CHEM32Z1\DATA\LAXMAW\LD-V-11-1A\LDV-11-1ARUMOOL.DA\DA M (HASTERMETHOD.M)
Last changed : 242014 2:30:02 PM by Lamman

Sample Info : runl
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Data File

Sample Mam

C:%\CHEM22\1\DATA\LAXMAN'\LO-V-11-1A\LDV-11-1ARONO0L1 D

e: LD-V-11l-l1RA-zunl
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Data File C:%“WCHEM22%1\DATA\LAXMENYLD-V-11-12%LDV-11-1ARUNOOL.D

Sample Mame: LDI-V-1l-l1A-runl

Area Percent BEe=port

Sorted By H Sigmnal
Multiplier : l1.0o00
Dilution H 1.0000

U=ze Multiplier & Dilutiomn Factor with ISTDs

Zignal 1: DAD]l A, 3ig=254,4 Ref=pff

Peak FetTime Type Width Area Height Area
3 [min] [min] [mAT* =] [mAT] L]
Bl e B e e D

€2.45230 B.32688 0.3077

2 9.655 BB 35.25%81% 7.18572 0.1505
2 12.552 BV 21.21435 1.892455 0.1033
4 13.2%B VB 20.1586 2.21022 0.0877
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ka
L]
o
L]
o
]
1]
b
ka
i
w
1
.
(e
]
1
i
o

Totals :

Signal 2: DAD1 B, 3ig=Z254,1€ Bef=pff
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Uata File U Z\CHEMIES LWUATANLAKMANY LY —LI-LANLDY—LL - LadUnNwuy.L _ L

Sample Mame: LD-V-11-1A—runl

Signal 3: DADL £, 3ig=Z10,% Ref=off

Peak RetTime Type Width Are=a Height Area
-3 [min] [min] [mAT* =] [mAT] L
il Bt el Bttt e il Rl Bt |
1 9.655 BB o.0B33 27T0.00644 51.4427¢ 0.9452
14.755 BV 0.1586 2.80721led 2E5E.40137 B5.1058
15.047 VB 0.1125 152.97&72 lo.21314 0.521
27.407 BE 0.0450 1011.62750 =227.22437 2.427
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-

2
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[ ]

Totals : 2.%5167=4 3Z66.401€3

Signal 4: DADL D, 3ig=230,1€ Bef=ofsf

Feak FetTime Type Width Area Height Area
i [mim] [min] [mAT* =] [mAT] L]

1

ra

.4€1 BB 0.1lB22 1l4.68381 1._06%63 0.0335€
.32 BB d.DEDQD 11.Z68E2 2.11878 0.0427
BE o.DE3B 260.12378 47 .56544 0.9848

LU SRR S
ORI )
5]
w
o

14.750 BV 0.1376 2.56Z13=4 30D1.83613 B596.9553

15.852 BB 0.11886 20.22653 2.61849%9 0.0770
& 1&.3080 BV 0.2024 G2.46318 6.11E2E 0.3s501
7 1l6.773 VB 0.1353 111.Z855% 12.33035 0.4213
B 15.252 BB o.1732 14. 00256 1.0803% 0.0530
8 27.402 BB 0.0482 19%1.40821 G0.00833 0.7247
10 Z28.647 BB 0.4Z77 T7.03762 2.63050 0.2517

Totals - 2.64123%=4 32127.37440

Signal 5: DADL E, 3ig=280,1€ Bef=off

Pmak RetTime Type Width Ar=a H=:ight Br=a

2 [min] [mAT* 2] [m&T] B

B e e ] b D
1357 0.3z22z2
25 1.41%3
BE.0145
0.2440

1 1.505 BB 0.1052 40 0207 B.
9.655 BB 2.0B35 215.97261 8
4.748 VU 0.0BBe 1.408142e4 23

15.855 BV 0.12Z55 27.12501 4. 4404

Totals - 1.52163e4 23BO0_E66748

Instrum=nt 1 2/4/2014 2:22:06 PM Laxman Pag= 4 of 5
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Data File C:\CHEM22%1%DATA\LAXMAN\LD-VT-11-12\LOV-11l-1ARUNOOL.D

Sample Mame: LI-V-11l-l1A—runl

Signal €: DADL F, 3ig=280,1€ Ref=off

Peak FetTime Type Width Areg Height Area
3 [mim] [min] [mATs =] [mATT] L
| . e e ____I_______ __________I__________ e s

1 9.€6%5 BB 0.0B35 2Z15.97261 359.69125 1.4225
14.74E WV 0.0084 1.409142Ze4 232230.12183 88.2

3
16.775 BB 0.1217 S2.42577 6.6E5E8 0.23453

[
I

L&)

Totals - 1.51BZ6=¢ 23B5.48276

3ignal 7: DADL &, 2ig=200,1f Ref=off

Peak BetTime Type Width Area Height Area
- [mim] [min] [mAT* =] [mAT] k'

I

n
(=]
o

BE 0.1l01& 36.36117 4 95634 0.2178
9.€55 BB 0.0B35 200.D4446 28.38157 1.282
4.248 BB 0.1135 8.78438 1.275

.748 BV 0.1032 1.626642e4 24T71.Z26€
BE 0.16ES 21.17754

BE 0.1221 52.Z7137

L
1
b
o

[LUR SRR ]
I

I
"
i
—
ta

(=]
I

o
=1
=1
o

Totals : 1.66851led 2524.25€14

Signal B8: DADL H, 3ig=320,1¢ Reif=off

Peak BetTims Type Width Are=g H=:ight Ar=a
3 [mim] [min] [mAT* =] [mATT] L
| | | m e e | m e e —
1 9.685 BB 0.DE3E 102.53847 1B.985832 0.8508
14.74E BV 0.0987 1.19672e4¢ 1EBE67.9202% B9A0.3422
5.046 WV 0.1l531 52.64€90 4.€3158 0.240%
16.311 BB 0.l64€ 1l1.83031 1.003%0 0.0%8E0

16.77T4 BE 0.l222 32.615906 4123577 0.2€81

##* End of Report ***

Instrumsnt 1 2/4/2014 2:22:06 M Laxman Dage
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Relative Abundance

1007

HRMS Traces of Compound 21
397.1713 e O = \O(

2=1 H;CO O
OCH
3 OH

OCH;,

Chemical Formula: C, Hy0¢
333.1409 Exact Mass: 374.1729
z=1 Molecular Weight: 374.4330

413.1451

771.3519

=1
483.1100 581.2529 719.1889 z 833.3237
_z=1 z=2 z=? z=1

181.0899 318.1170
z=1 z=1

]

L1

945.2813
z=1

374.1724

375.1802

1007

397.1622

349

NL:

7.81E8
LD-V-11-1A_Orbo
+ESW12 RT:0.11 AV:
1T:FTMS +p ESI
sid=35.00 Fullms
[100.00-1000.00]

NL:

7.84E5

C21 Hze Ot
C21H26 O6
paChrg 1

NL:

7.84E5

C21 Hag Og +H:
C21H27 06
paChrg 1

NL:

7.84E5

C21 Hzp O +Na:
C21H26 O Nay
paChrg 1
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3) for Compound 22
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HPLC Traces of Compound 22

A HMENALD-III-43-1A-BERUN\III-43-RUN1000Z.D

Sample Mame: LO-III-43-lA-rerun—runl

Data File C:\CHEM221%DATA\

Ecocg. Operator : Laxman
Aog. Instrumsnt Instrument L Location = -
Injection Date 27202013 10:40:08 AM

Aog. Method
La=t chang=d
Analysis Method

La=t chang=d PM by Lamman

DAD1 A, Sig=254,4 Ref=off [LAXMANILD-IIHS-1A-RERUNYI-E-RUNT000Z.0)
mAL

D -f— —— — S

S
DAD1 B, Sig=254, 16 Ref=0l [LAXKMANLD-II-E - 1A-RERUNII-43-RUN10002.0)

3
=
=

o o
==

I

(2]

{
}

NI T I I T T T
7185
48

0
o
0
0

= 10 = 20
DADT G, Sig=210,E Reaf=off [LAXMANLD-II-43-1A-RERUMII-S-RUN 100020
mAL
250
200

150
100

-
50 &
0 Tl —

19899

352



C:\CHEM22% 1\ DATA\LANMAN'LO-III-43-1A-RERUN\III-43-RUN1000Z.D

Sample Mame: LD-III-43-laA-reran—zunl

Data File

DADT O, Sig=230,16 Rert=o (LAXMANLD-I-3-1A-RERUNIIFFRUN 1000Z.0)
maL -
250
200
150
100
50 HrH E
L —f————— — S — i
-50
——r 77— —————7—————
5 10 15 20 30 35 i
DADT E, Sig=230, 16 Ref=oft [LAXMANILCHIRE - TA-RERUNTI-FRON10002.0)
maL S
80
60 3
4 -: % ﬁ
S £l e
i — e
-20 4
L e o I LA S s s ey T r r r I_ T r T
5 10 15 20 30 35 mir
DADT F, Skig=260,165 Rel=of (LAXMANLD-I-3-1A-RERUNIIEFRONTI0ZD)
AL o
80
&0
40 8 ﬁ
20 r =
0 = e L
-20
~40 —r r r r - r 1T r r r T 7T T r r r I T r T
5 10 15 pii) 30 35 mir
DAL (=, Sig=300, 16 Ret=0T [LARMANILCHIE - TA-RE RN -4 3-R0M 10002 .0
ML 2
120
100
80
&0
40 ;E
20 .:
0 _f HE—"
-20
-+ rrrr > 1T 1T r r r T —r r r r 1 T T
5 10 15 pii) 30 35 mir
DADT H, Sig=320,16 Rer=o (LAXMANLD-I-3-1A-RERUNIIFFRUN 10002.0)
mAL ] )
100
80 3
60 3
A0 =
E =
203 -
o i - L
-20
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 30 35 mi
Instrument 1 22072013 1:55:25 PM Larman Page 2 of 5
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Data File C:\CHEM22Z%1'\DATA\LAXMEN\LD-III-43-1A-RERUM‘\III-43-RON1000Z.D

Sample Mame: LI-III-43-li-rerun—zunl

Area Percent Report

Sorted By H Signal
Maltiplier H 1.0000
Dilution H L.0000

Use Multiplier & Dilution Factoxr with ISTD=

Signal 1: DADL A, 3ig=Z54,4 Ref=off

Peak RetTime Type Width Area Height Area
i [mim] [min] [mAT* =] [mAT] L
| s e e | e I o o | e o e . I o o s e s | o s . e e
1 17.185 BB 00873 9.40742 1.41%32 1.6
S2.322855 0o _&4810 0OE&.95E65

2 15_.585 BB 00787 7.69327 1._528€1 1.3510

(]
I
o
(4]
=]
o
<]
2]
=]
'
=]
m
il
1
n

Totals - 5659 .43028 10Z.55€03

3ignal 2: DADL B, 3ig=254,1f Ref=off

Peak PetTime Type Width Area Height Area
i [mim] [min] [mAT* =] [mAT] &
—— e [ e e B
1 17.185 BB 0.0875 1D.2428% 1.556E5 1.6471
& €01.GHES 10B.€3660 B85.8011
4 B.Z22213 1.21077 1.3123

7.78437 1.5342¢% 1.2354

T
I
w0
oo
ool
o
[51]
[}

Totals : €28.05797 1l2.93E830

Signal 3: DADL T, 3ig=Zl1l0,8 Ref=off

Peak PBetTime Type Width Are=a Height Area

i [mim] [min] [mAT* =] [mATT] &
N e B Dl [

2 20.09891 4.92847 1.
TE2 7.80%803 1.47

& 5.08782 1.07
18.505 VB 0 .0DE4E 1722.28053 3211.2303
18.557 BE 0 .0E3T 6.53474 1.234

G

[
[ ]
Fa ks
[ETTS

[y -

€

in

87.2001

3 0.23€8€

"W

n

[ A
P e s
ol =
1
i
'
[51)
=

"

Totals - 1772.893112 2ZD.01€15

Instrument 1 2/20/2013 1:55:-25 PM Lamman Dage 32 of 5
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Data File C:\CHEM3zZ\1\DATA\ILAXMAMA\LD-III-43-1A-BERUM'III-43-RUN1000Z.D

Sample MName: LD-III-43-l1A-rerun—runl

Signal €: DADL D, 3ig=z30,

Peak BetTime Type Width

= [min] [min]

1 17.185 BV 0.0811

17.30Z VB 0.D0714
1028
2.1511
0 .DE4E

o.DB34

LU TR
P
W =1 =
o -
Mmoo
0mow
=1 td
o o
— =l

Zignal 5: DADL E, 3ig=Z80,

Peak FetTime= Type Width

3 [min] [min]
o .08358
Z 18.505 BB 0.0B51

0.07393

Totals :

Signal &€: DADL F, 3ig=2Z80,

Peak FetTime= Type Width

3 [min] [min]

Zignal 7: DADL &, 3ig=200,

Peak PetTime= Type Width

3 [min] [min]

16 Ref=off

Area Height Area
[mAT* =] [mAT] L]

e I B
2B.Z8330 4.63513
6.18744 1. 25750
7.61578 1.03443
1l0.25987 1.0186%
1544 _25227 ZTB.T0560

7.56541 1.43652

1.T7630

o
in
-1

- -

o
ooooo
h
F T
i
™
Pa -

5]
in

(=
'

il

=1

[ s 1]
[+ 1]

1l604.20607 ZEBE.0S227

16 Ref=pff

Are=a H=ight Area
[mAT* =] [mAT] L]
I el Eetl|
B.16147 1.238
7.04138 10E.0E8 &
5.76€582 1.134%7 0.8270

ka
w

621.96867 111.34156

16 Ref=off

Areg Height Area
[mAT* =] [mAT] L]
- | | ]
5.16147
€07.04138

€21 _96867 111.321%6

16 Ref=pff

Area Height Area
[mAT* =] [mAT] &
B e L
10.87565 1.63835 1.4851

72B.06720 129.80228 B0HBE.5145

T38.04285 131.54064

Instrumens 1 22072013 1:55:35 PM Larxman
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Data File C:\CHEM22%1%\DATA\LAKMAN\LD-III-43-1A-RERUM\III-43-RUNW10002Z.D

Sample Hame: LO-III-43-1l3-rerun—runl

Signal B8: DADL H, 3ig=320,1f Ref=off

Peak BetTims Type Width Are=g H=:ight Ar=a
3 [mim] [min] [mAT* =] [mATT] L

1 17.180 BE o.0o52 BE.D46595 1.423558]1 1.3034

2 1lB.506 BB 2.0B53 €77.49%88 121.10182 -E5EE

w0
m

Totals : 656.44687 122.52773

#+* End of Report ***

Instrument 1 2/20/2013 1:55:25 PM Lamman Dage
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Mass Spectrum of Compound 22

650.1120 NL:
3.61E6
LD-II-43_Orbi_+ESH1
RT:0.00 AV: 1 T:FTMS

+p ESIFullms
1 116.9858 [110.00-1000.00]

A‘ J 164.9843 628.1301 | 666.0856
1]

381.2975
bﬂm 2,17';?46 3335424 7T TTT | 441.2074 509.1235 595.1607l | L 70714711 787.2269 8522053 961.6655

Relative Abundance

627.1227 NL:

6.32E5

C30H29 NO10 S2:
C30H29N1010S>2
pa Chrg 1

| 633.1210

628.1306 NL:

6.32E5
C30H29NO10 Sz +H:
C30HaoN1O10S2
pa Chrg 1

633.1255

650.1125 NL:

6.32E5

C30H29 NO 19 S, +Na:
C30H29N1010S2Nay
pa Chrg 1

655.1075

AN RARS RARE RASS RARS RARE RARS LSS RARS MY RARE MM LS RAME RAAS MRS RAME RAAS RARE RAAS RARE RARE RAAS RARE RALE RARS RARE AR BARE MARS AR RAAE RAAN RARE RAAY AR IARE MRS RARE RAR AN RARE RRAS AASS

200 300 400 500 600 700 800 900 1000
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'H NMR (500 MHz, CDClIs) of (Z)-3-Methoxy-2-(2-(5-nitrothiophen-2-yl)propoxy)-6-(3,4,5-trimethoxystyryl)-phenyl-4-
methylbenzenesulfonate (23)

(=}

- 3800

2.44

&
NNGEOGOOBOB GGG O6S 1niniiiiininnin L)

N

-

I

3
\

N 1.42

;3600
;3400
;3200
;3000

- 2800

;2600
;2400
;2200
;2000
;1800
;1600
;1400
;1200
;1000
;800
;600

! - 400

Jﬂ J 'II A,L;M L o b \ ::ZOO

-

--200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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NMR (500 MHz, CDCly) of (Z)-3-Methoxy-2-(2-(5-nitrothiophen-2-yl)propoxy)-6-(3,4,5-trimethoxystyryl)-phenyl-4-
methylbenzenesulfonate (23)

00 =

26.53
25.96
25.84

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

<
A
X

- 60

N L 55
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HPLC trace of compound 23

Data File C:\Ch=m32\1'Data‘\Blaks\RUN1000004.D

Sample MWame: TosylMono C&1 Run 1

360

Lcg. Operator : Blake
Zcg. Instrument : Instrument 1 Location : -
Injection Date : 3/5/2015 B:21:32 PM
Reg. Method : C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
Last changsd : 3/5/2015 7:55:38 PM by Blake
Enalysis Method : C:\CHEM3Z\1\METHODS\RT-ACNWASH Z.M
Last changsd : 7/9/2015 2:27:22 BPM by Blake
Method Info : General Column Wash Method
Sampls Info : Tosyl Mono Trigger CAl Run 1
Bdditicnal Info : Peak(s) manually integrated
*DAD1 A, 5ig=254 4 Ref=off (Blake\RUN1000004.D - CA\CHEM32\1\DAT A\BLAKE\BLANKD00002.D)
mALl ~
50
40 ‘
30
20 ~ |
10 ~ [l
0 F—H— e -
-10
T T T —T T T T T T T T T T — T T T T T
5 10 15 20 25 mir
*DAD1 C, Sig=210,8 Ref=off (Blake\RUN1000004.D - CACHEM32\1\DATABLAKE\BLANKO00002.D)
mALl _: 5
150 ‘
100
] =
504 i ey s ‘| &
] k: i = [l o
o], g - JU 2
50
T T T —T T T T T T T T T T — T T T T T
5 10 15 20 25 i
*DAD1 E, 5ig=280,16 Ref=off (Blake\RUN1000004.D - C\CHEM32\1\DATAIBLAKE\BLANK000002.0)
mALl P~
50
40
30
20 ~ |
10 ~ 8 (1
DY UL
0 N T T T
-10
-20
T T T —T T T T T — T T T T — T T T T T
5 10 15 20 25 [ulls
*DAD1 G, Sig=300,16 Ref=off (Blake\RUN1000004.D - CACHEM32\\DATABLAKE'BLANKOD0002.D)
mAU ] [
60{ ‘
40
20 3 | |
] g ||
L | - - ——— —— . _u_L'_._
20
. . . — . . . . — . . . T — . . T . T
5 10 15 20 25 [ulls
1200 HPLC 9/1/2016 1:28:01 PM SYSTEM Page of




Data File

Sample Name: TosylMonc CAL Run 1

*DAD1 H, Sig=320,16 Ref=0ff (Blake\RUN1000004.D - CACHEM3ZANDATA\BLAKE'BLANK000002.0)
mAU %
60 ﬂ
40
204 3 |
] © |
] o |
D A 1 _\_,U__H___ﬁ_.—,_ui_'_\ﬂm,_,_‘w«ﬂ,_ﬁ_ww
20
—— 7 — [ ———T——T——— [ —————————— —
5 10 15 20 25 mil
Area Fercent Report
Sorted By B Signal
Multiplier B 1.0000
Diluticn B 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DRDLl &, Sig=2354,4 Ref=off
3ignal has been modified after loading from rawdata file!
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mEU*s] [mRU] S
Il B === [ === |
1 1.717 BB 0.0487 6.60572 2.04210 1.0763
2 18.197 BB 0.1470 €07.1e217 €3.78%918 58.5237
Totals £13.76789 €5.83128
Signal 2: DRD1l C, Sig=210,8 Ref=off
3ignal has been modified after loading from rawdata file!
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mEU*s] [mRU] S
Il B === [ === |
1 1.137 wv 0.0747 140.%61l63 2€6.234448 €.7080
2 1.278 wv 0.0%86 4.48904 9.56787 3.0€89
3 1.372 VB 0.0760 27.96374 5.09453 1.3307
4 1.712 BB 0.0664 27.76718 £.42144 1.3214
=] 2.497 BV 0.0845 7.1243Z2 1.2885% 0.33%0
& Z2.654 VB 0.0630 5.258855 1.30582 0.2503
7 9.184 BB 0.1264 13.37233 1.6183% 0.6364
B 18.19%7 BB 0.146% 17%8.8%955%0 185.15680 B85.6047
9 19.220 BB 0.1466 15.56711 1.6425¢ 0.7408
Totals 2101.40426 242.36048
1200 HPLC S/1/201€ 1:28:01 PM SYSTEM Pags 2 of
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Data File C:\Chem32\1l\Data‘\Blake\RUN1000004.D

Sample Name: TosylMono CAL Run 1

3ignal 3: DRD1 E, 3ig=280,16 Ref=off

3ignal has been modified after loading from rawdata file!

Peak RetTime Type Width Rrea Height Lrea
# [min] [min] [mRU*s] [mAU] kS
=== e | === [ === [
1 1.717 BB 0.0774 16.70851 2.98108 2.6269
2 2.654 BB 0.0649 5.25675 1.25308 0.8265
3 18.197 BB 0.1470 6£14.0%607 64.56446 96.5467
Totals : £36.06133 €8.798&2

3ignal 4: DRAD1 &, 3ig=300,16 Ref=off

Signal has been modified after loading from rawdata file!

Peak RetTime Type Width Area Height Lrea
# [min] [min] [mRU*s] [mAU] kS
===l [ ===l === | === [ === |
1 Z2.654 BB 0.0678 8.59714 1.93753 1.1541
2 18.197 BB 0.1472 736.32220 77.24043 98.8459
Totals : 744.,91534 79.177%¢6

3ignal 5: DRD1 H, 3ig=320,16 Ref=off

Signal has been modified after loading from rawdata file!

Peak RetTime Type Width Area Height Lrea
# [min] [min] [mRU*s] [mAU] kS
===l [ ===l === | === [ === |
1 Z2.654 BB 0.0673 12.99429 2.95627 1.8473
2 18.198 BB 0.1476 €%0.34473 72.19302 398.1523
Totals : 703.33902 75.14%29

#%% End of Report ***

1200 HPLC %/1/201€ 1:28:01 PM SYSTEM
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Mass Spectrum of Compound 23

100 642.1465 NL: 3.84E6
Ts Mono CA1#2 RT:
%0 0.02 AV: 1 T: FTMS +
p APCI corona pi Full
ms [150.00-2000.00]
80
70
60 487.1423
50 479.4827
40
30
20 333.1335
10 664.1277
m l il 822.2009 1053.4105 1305.2668 1463.3400 1758.3137 1884.7239
o—dru dhis o' STNree) 11 YA 2 N L = =
485.1290 NL: 4.67E5
100 331.1193
7 ts mono ca1 neg#2
00 240-0672 RT:0.02 AV:1T:
E FTMS - p APCI
80—_ corona pi Full ms
3 640.1337 [150.00-2000.00]
70—
60
50
404
30
20
103 686.1390
3 d 766.3798  968.9414 1068.9348 1505.9447 1721.9609 1883.5137
0 T T T T T T T T ™ T T T T T T T T T T T T T T T |
200 400 600 800 1000 1200 1400 1600 1800 2000

m/z
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'H NMR (500 MHz, CDCls) for Compound 24
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3¢ NMR (125 MHz, CDCl3) for Compound 24
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Data File

s \CHEM32% 1\ DATA",

LD—V—-87-1R—run2

HPLC Traces of Compound 24

A HMENALD-V-57-1ARUNOZ . D

Operator

Injection Date

Bcg.

La=t chang=d

Hethod

Instrument

Analysis Method

Last changed

Sample

Info

Camey
Instrument L Location = -
6/11/2014 12:23:01 PM

1 om

97-1RRUNOZ .D\DA.M

imodifimd after
LD-V-87-1A—zun2

Mastermethod

-28

DADA A, Sig=254.4 Ref=off [LAXMANILD-V-S7-1ARLND2.DY)

F=18131

T
S 10

T
15 20

mi

mAL

DAD B, Sig=254, 16 Ref=-0ff [LAXMANILD-V-9T-1ARUNDZ.D)

1813

25 o {
L [ O L L B R L B O S L R IO R R R T
5 10 18 | 25 30 il
DAD C, Sig=210,5 Ref=0ff [LAMMANLD-V-07-1ARUNIZ.D)
Ml 3 =
350 3
300 4
250
200 3
=
]
| ISR S— _

mir

Ta=t = e

-

M1 11.-2&8-3&

Created with novaPDF

T Y ara

Printer (wwew.novaPDF com). Please register to remowve this message.

n
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Data File C:AZCHEM3Z\1%WDATA\LAMMENALD-V-57-1ARTUNOZ.

Sample Mame: LD-V-57-1A-runiZ

DAD D, Sig=230,16 Ref=off [LAXMANLD-V-37-1ARUNDZ.O)

AL e

200
150
100

S0

oy & —

19131

:

T T
] 10 15

DAl E, Sig=280, 16 Ref=0ff [LAKMANILD-V-9T-1ARUNDZ.D)

T T T
5 10 15

DAl F, Sig=2E0,16 Ref=off (LAXMANLD-V-B7-1ARUND2.D)

maL

T T
S 10 15

DAD1 G, Sig=300, 16 Ref=0f [LAXMANLLD-V-37-1ARUNDZ.0)
I~

I
=]
I EEEI FEN NN RTR A NTHE FNTH NET)

T T
S 10 15

TAD H, Sig=320,16 Ref=o [LAXMANLD-V-57-1ARUNDZ O}
AL -

&0

1818

()
(=]
PFE BN I BT WA I A

Inm+romans 1 F3FEF9A1S 11 -28-98 20 Al1-la

Created with novaPDF Printer (www.novaPDOF com). Please register to remowve this message.
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Data File C:\CHEM3Z\1Z\DATANLAMMENN\LD-V-57-1ABUNOZ.D

Sample Mame: LD-V-57-1A—runZ

Area Percent Beport

Sorted By H
Maltiplier H
Dilution H

U=e Multiplier & Dilution

Signal 1: DADL &, 3ig=25%,

Peak RetTime Type Width
- | [mim] [min]
s o | e e e _—_—I_—_—_—_
14.727 BB .0237

.0E

2 15.181 BB €2

Totala -

Signal 2: DADL B, 3ig=254,

Signal
l.0ooo
l.0ooo

Factor with ISTD=

4 Ref=pff

Are=a Height Area
[mAT* =] [mAT] L
_—_—_—_—_—I_—_—_—_—_— s e
10123.7€0843 165.00717 BZ.0524
TT.56745 14._08282 7.107¢&

10%1.33582 179.08%5%

Sigmnal 2: DADL I, 3ig=210,

3 [mim] [min]

Signal 4: DADL D, 3ig=2230,

i [min] [min]

Ipm+eomans 1 3/E/3078 11 -2&.

Created with novaPDF Printer (www.novaPDF coml. Please reaister to remove this messaoe.

§ Ref=off

Area Height Area
[mAT* =] [mAT] L
B e e

2476 .7

405.73€18 B2.3730
22.90105 7.0270

2662.94554 429.63723

1€ Ref=pff

Area Height Area
[mAT* =] [mAT] L

B D
1652 .605958 Z69.86240 B52.2120

135.78531

DFE TV BT -

368
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Data File

Sample Hame:

Peak RetTime Type

2 [min]

Width

[min]

Totals :

Signal 5: DADL E,

Peak RetTime= Type

3 [min]

Sig=280,

Width

[min]

1 14.727 BB
2 15.749 BB
2 15.181 BE

Totals :

3ignal €: DADL F,

Peak RetTim= Type

i [min]

0.083%5
o.D828

o.DBEZ

Big=I80,

Width

[min]

1 14.727 BB
2 15.749 BB
2 15.181 BB

Totals :

Signal 7: DADL G,

Peak RetTime Type

2 [min]

0.0o83s
o.D0ezs

o.0BE2

3ig=200,

Width

[min]

1 1.38Z BB
2 14.727 BB
2 15.740 BB
4 15.181 BB

Totals :

Signal 8: DADL H,

Ine+s=rmam= 1 3 /&f207=

Created with novaPDF Printer (www.novaPDF com). Please register to remowve this message.

0.0563
o.DB848
0.0822

o.0B77

Sig=220,

Area
[mATs =]

284 43585

1730.474A88

1& Ref=of£f

Area
[mAT =]

€63 .651598
42.01422
T71.41132

777.07752

16 Bef=pfs

Are=a
[mATH =]

€62 . 65188
42 .01422
T1.41132

77707752

1& Ref=of£f

Area
[mATs =]

0.6z4z2

5.62Z591€
T70.5495€
3 2074

-6
-D2414

wmoom

GOl .BE3ED

16 BRef=pfs£

TT-TF=-T9F TW Bl akm

C:%WCHEM3ZN\1\DATA\LAXMAN LO-V-53T7T-1ARUNOZ . D
LD-V-87—-1A—run2

Height Area
[mAT] L

Height Area
[mATT] L

107 .7427% B5.4036

6.512€1

127 .62633

Height Area
[mAT] B

107.7427% B5.403

£

6.91261 5.4067

12.97053 9.1887

127 .62633

Height Area
[mAT] L

1.48050

1232 _4888 BES5.4357

6.09054 4.0&2
15.81382

146.87453

369
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Data File C:%\CHEM22)1)\DATA\LAXMRN'LD-V-§7-1ARTUNOZ.D

Sample MName: LD-V-57—-1A-zuni

Peak FetTime Type Width Areg Height Arma

[min] [min] [mAT*a] [m&ATT] B

e | e e ____I_______ __________I__________ e s
1 14.727 BB 0.0968 SEB.65384% EB.65764 EB3.4444
Z 15.749 BB o.Do22 27.48027 638 4.0326
2 15.181 VB o .DBET 25.23514 1 B4s 12.5230

o

LU
(i)
o

b
(=]
m
(a1
ra
(%]
s
i

Totals : €21.45750

g ol o

End of Report

Ipm+rrmame 1 BSESZATE 112898 B BT aba

Created with novaPDF Printer (www.novaPDOF com). Please register to remowve this message.
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Mass Spectrum of Compound 24

Chemical Formula: CygH,gNORS
Exact Mass: 515.1614

Molecular Weight: 515.5770 39;_116?4 le;a:_,
1c ﬁmzjm LDV.OZ14 ORI +
20- ESH1Z RT-Q10 AV 1
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60 ms [100.00:900.00]
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€ST'T
yoC'T
66C'T
60€'T
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or Compound 25
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Nwm.mu\u
966'9 .\.
09¢°'L —

cULL
6LL°L v.

N

AR
=gre

£HE9
E6TE
AITE

0T

0T

0T
0
Az01T

=00'T
=00'T

=00'T

-0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

372



3¢ NMR (151 MHz, CDCl3) for Compound 25
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HPLC Traces for Compound 25

Data File O3 D

Sample Hame
Ecocg. Operator : Laxman
Aog. Instrumsnt Instrument L Location = -
Inj=ction Date : 3172013 3:44:20 ™M

HOD3\GRAD 2 S0-90 ACH.M

PM by Laxman

\LEAXMAN\LD-VII-29-1RO0L.DV\DA.M (GRAD 2 50-30 ACH.M)

f2Z015 4:24:33 PHM by Laman

L]
(=11}

34
Analysis Method c HEM3IZY1

Last changed s 3y

DaD1 A, Sig=254.4 Ref=of [LAXMANILD-VI-28-14001.0)

maU
E00
500
400
00
200
100
o — e

] 3

10 i5 20 25

5
DADA C, Sig=210,E Reaf=off [LAXMANLD-VII-29-1AD01.0)
maL

-
1400 *

1200
1000

&0
&0
40
20

0
0
0
o
o _— I

o
11100
14911

T
5 10 1

(]
(]
(=]
i

DAD1 E, Sig=230, 16 Ref=0f [LAXKMANILD-VII-29-1AD01.0)

maL
500
400
300
200
100

14817

3 10
DADT G, Shy=300, 16 Ref=0ff [LAXMANILD-VI-29-1A001.0)

e} 3

— 14518

[}
=
n
k2
b

In=trumsnt 1 312015 5:17:22 DM Graham Page=
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Sample Mame:

Data File C:3ZWCHEM3Z\1Z\DATA\LAXMEMNALD-VII-Z9-1A001.D
LD-VII-25-1a

2

-8BEEB88E

DAD H, Sig=320,16 Ref=off [LAXMANLD-VIF2S-1A001.0)

14518

iy 3

n—|

s
L

mir

Areaz Percent R=port

Sorted By H Sigmnal
HMultiplier H L.oooo
Dilutiomn H 1.000d

Use Multipli=r & Dilution Factor with ISTDa=

3igmal 1: DADL A, 3ig=254,4 BRef=pff

Peak PetTime= Typ= Width Area

3 [mimn] [min] [mAT* =] ]

L T7.2B5 BV 0.1134 127.T0885 18.8118E 1.71%

.._.
[

|

c

=
—
=]
m
on
o
A
=]
o

(= =]

[=]
¥
on
1
1
]
o
(5]
[=]
1
(=]
I
]
]

Totals : 8010.548966 TBS_ 16250

Sigmnal 2: DADL ¢, 3ig=210,8 Bef=off

Peak PetTime= Typ= Width Area Height Are=a

3 [mimn] [min] [mAT*=] =

B e B e D B A
BV
VB
BYW
BV
VB

=
[£]
it
]
I
[}
=
i
ra
e
i
{Ie]
L]
da
t

1
w
[ix]
o

s

1
i
=

In=trumsnt 1 312015 5:17:22 DM Graham
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Data File C:\CHEM22%1\DATA\LAXMAN\LD-VII-ZS—1R001.D

Sample Hame: LO-VII-Z25—13

3ignal 2: DADL E, 3ig=280,1€ Ref=pfsf

Peak FetTime Type Width Are=a He=ight Area

- | [min] [mim] [mAT* =] [m&ET] &
———— e |
238.B4053 32._4700% 3_32880
77.61353 S_ogzac 1.1013
175.57186 &._80124 Z.481Z
E€555.55762 650.98056 ©92_0185

Totals : 7047 .58264 TD2.1971%

Signal 4: DADL &, 3ig=300,1€f Bef=ofsf

Peak FetTime Type Width Are=a He=ight Area

- | [min] [mim] [mAT* =] [m&ET] &

——— | —————— | — D e e B
S51.175E€ 4.2972
10.56421
16.09673

Signal 5: DADL H, 3ig=320,1€ Bef=off

Peak PetTime= Type Width Are=a H=zight Area
- | [min] [miz] [mAT =] [m&T] &

2 VB 0.1578

#** End of Report ***

Instrument 1 3/1/2015 5:17:22 PM Gzraham Pags= 2 of 2
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Mass Spectrum of Compound 25

H4CO
B Y

(3

OCH, O o s

80 OCH,
] 312.3624

301.0754 H,CO

Chemical Formula: C;H3,NOgS
Exact Mass: 529.1770
407 Molecular Weight: 529.6040
] 413.2662 754.2606
207 227.1002 [830.2514
T

oLl ,
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579.1609

441.2973 [ |
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o o
telaal
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377

NL:

9.75E6
LD-VI-29-crude_Orbi_+
ESK1 RT:0.00 AV:1
T: FTMS + p ESIFull
ms [150.00-2000.00]

NL:

6.91E5

C27H31 NOg S:
C27H31 N1 08 S,
pa Chrg 1

NL:

6.91E5

C27H31 NOg S +H:
C27H32N108S:
pa Chrg 1

NL:

6.91E5

Co7Hgz1 NOg S +Na:
C27H31 N1 Og S1Nay
pa Chrg 1



€CT'T
€€T'T

60L'T —

L589°€ —
899°€ a
§78'€ —

Cl3) for Compound 26

LSy
w owme
065"t

N 009'%
T O::NN

029y
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'H NMR (600

obb'9
T9%°9
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Ll
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e |

=e'e
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HPLC Traces of Compound 26

Data File C:\CHEM22)1%\DATA\LAXMRNA\LD-VII-39-RUNO3.D

Sample Mame:

Rcocg. Operator : Laxman

Log. Instrumsnt @ Instrument 1 Location = -
Injection Date : 31572015 10:57:34 AM

Rcocg. Method : : 3241k HOD3\GRAD 2 50-890 ACH.M

Las=st chang=d
Enalysis Method

AM by Lamman
\LEXMAW\LD-VII-39-RUNDZ.D\DA.M (GRAD Z 50-30 ACH.M)

Last changed : 3f16/2015 6:22:00 PM by Lamman

Fample Info : M=thod-GradZ 50—

DAD A, Sig=254.2 Fet=0r |LAXMANLD-VI-35-RUNDE 0]
mAL
£00
400 ‘
200 :ua;;fl |
] Tk
o - A, Ly
- ' - - - - - -~ - - 1 - - T - - T I r
5 10 15 20 25
DAL C, Si=210,E Rat=0f [LAXMANLD-VIF28-ROND3.O)
mal g
1750 3
1500 3
1250 3
1000 3
750 3
E —
SEI{:- ",,mp;l |
25{:— " m |
04 e -
v T T T T v T T T T v T T T T T T T T 1 T T T T T T T T
5 10 15 20 25
DAD E, Sig=230, 16 rer=an [LAXMANLD-VI-33-RUNIG.D)
mal g
00
£00 3
00 3
400 3
300
200 =
] = B % |
my = b
] = g "l
1 I .l — — W, N S e T .Y S, W—— S
- ' - r - - - - -~ - - - - - T - - - I - -
5 10 15 20 pud
Tnm+=mame 1 2/1TEITATE £-92-7TF T T cmmam Pag= 1l of 4

Created with novaPDF Printer (www.novaPDF com). Please register to remowve this message.
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Data File C:3WCHEM3Z)\14%DATANLAXMAMNALD-VII-359—-RUNO3.D
Sample Mame: FII-35—run3
DAD1 G, Sig=300, 16 Ref=0 [LAXMANILD-VI-39-RUND3.D)
maAL Ey
&00 %
GO0
400
-
o N B oAl
— e - _— P - — SR e FL Y N S
— T T 1 T T I T T L L E R L |
S 10 15 20 x5 mir
DAD1 H, Sig=320,16 Ref=off (LAXMANLD-VIF3E-RUNDZ.D)
mal ]
800 4
600
400 5 —
] . &
200 g & ] |
] o - g =l
o4 A L A Lo Lt §euf
T

i5 20

mir

Area Percent Report

Sorted By H Signal
Multiplier H l.o0000
Dilution H L.oooo

Use Multiplier & Dilution Factor with ISTD=

Signal DAD]l A, 3ig=254,4 BRef=off
Peak BetTime Type Widsh Area
- 4 [mim] [min] [mAT*=]

Inm+romans 1 F3F1EI9A18 £-29-18 D T awman

Created with novaPDF Printer (www.novaPDOF com). Please register to remowve this message.
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Data File C:\CHEM3Z\1NWDATANLAMMENA\LD-VII-39-BUNO3.D

Sample Mame: LD-VII-35—run3
Peak RetTime Type Width

i [min] [min]
| | |

2 2Z2.346 VB 0.1687

Totals -

Signal 3: DADL E, 3ig=280,

Pmak RetTime Type Width

3 [mim] [min]
e e e
1 1.088 BV o_0B21
2 20.7€2 BV o.l482
2 21.541 BV O_15&7
4 21_871 V7T 0_.1578
5 22.346 VB o.1601

Totals -

Signal 4: DADL &, 3ig=300,

Feak FetTime Type Width

3 [mim] [min]

1 20.7€2 BV 0.1474
2 21.541 BV 0.1571
2 21.871 W 0.1l580
4 Z2.346 VB 0.1l604

Signal 5: DADL H, 3ig=320,

Pmak RetTime Type Width

i [min] [min]
- |||
1 12.%57 VB 0.1451
2 l4.4854 VB o.1580
2 20.763 BV o.1472
4 21.541 BV 0.1574
5 21.871 WV 0_.1556
6 22.346 VB O.1605
Totals -

Ipm+=mans 1 3/18/2018 S.23.1

Created with novaPDF Printer (waew.novaPDF com). Please register to remove this message.

Area Height Area
[mAT* =] [mAT] L

2.31415e4 2Z164.44214 S9Z.3560

[
o

(=)
o
o

o
1]

il
[
o
wn
bl
(=)
o
@
&
om

1€ Bef=off

Ar=a H=:ight Br=a
[mAT* =] [mAT] L
-
2Z.67783 2.88244 0.233%
119.3353€ 12.401%54 1.228%
553.77106 55.33503 5.7025
351.29207 24 _20€8S5 2.618%
S€62.92285% EB41.870€1 E9.2167
G711.10117 BS947.7005€
1€ Ref=pf:f
Area Height Area
[mAT* =] [mAT] L
e Rl B |
140.45000 14.70714 1.1420
1151.50391 1l4.€7712 9.3€32
327.26285 21.8145% 2.E8€11

1.067590e4 1034.58325 BE.8338

1.228B2e4 1185.78207

16 BRef=off

Are=a H=zight Brea
[mAT* a] [mAT] L
- | | ]
252 . EQL18E 27.01531 1.812%
257.7982% 25.0643€ 1.9512
158.41324 16.62563 11580
1657.25757 164_71658 12.5434
215.00967 20 .96522 1_6274
1.06710=e4 1022.1752% EBO.TEES

1.3Z1Z2e4 1ZB7.5703%

E T T awmam
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Jata File C:\CHEM3Z2)1%DATA\LAXMRN'LD-VII-29-RUNOZ.D

Jample Mame: LD-VII-35—runi

e b

End of Reports

Ipm+rmmam= 1 BSTESFATE F-T2-7F T T e Page 4 of 4

Created with novaPDF Printer iwww.novaPDF com). Please reaister to remowve this messaoge.
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Relative Abundance

20

od

241.1692

219.1872
|

277.1635

293.1374
;

372.1757 | 413.2659
L I

397.1620

Mass Spectrum of Compound 26

459.3489
L 495.3431
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o
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NO,

Chemical Formula: C,gH33NOgS
Exact Mass: 543.1927

566-\1813 615.3416 g51.3359
> 651

758.5707  820.3555 881.3985 940.3531

Molecular Weight: 543.6310
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NL:

2.66E7
LD-VII-31-crude_Orbi_+
ESK1 RT:0.00 AV:1
T: FTMS + p ESIFull
ms [150.00-2000.00]

NL:

6.84E5

C28H33z NOg S:
C28H33N10g S
pa Chrg 1

NL:

6.84E5

Co2g H3z3 NOg S +H:
C28H34N10g S
paChrg 1

NL:

6.84E5

C2g H3z NOg S +Na:
C2gH33 N1 OgS1Nag
pa Chrg 1
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3C NMR (125 MHz, CDCl3) for Compound 27 and 28
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'H NMR (500 MHz, CDCls) for Compound 29
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3¢ NMR (125 MHz, CDCl3) for Compound 29
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HPLC Traces of Compound 29

WCHEM3Z\ 1\DATA\LAXMAM\BLANEZ-TT-14103.D
Sample Mame: LD-II-141-1blank2

Data File C:

(MASTERMETHOD . M)

"DADT A, Sig=154,18 Ref=off [LAXMAMNBLANKZ-I-14103.D - LAXMANBLANKZ-I-14102.D)
mALl ] o

260 3
2007
150
100 |

50 J| 8
\ B

maL ] =
2604
2004
150
100 |

504 Jl ‘ig
Voz

| L L L H T T T T
] 10 15 20 25 30 5]

"DADT C, Sig=210, 16 Ref=off [ AXMANBLANKZ-14103.0 - LAXMANBLANKZI- T4 102.0)
mAU ]

700
800
500
4p0-]
200 |

2004 | E
100 | =
0 . —— T

.-_,._
£
E%_
&
b

Instrument 1 10/31/2012 2:15:33 PM Laxman

Lin}

w
It

1
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Jata File C:\CHEM22)1\DATA\LAKMRN'BLAWKZ-II-141

4. L

Jample Mame: LD-II-14l-lblank2

ML

"D&AD1 D, Sig=230,16 Ref=0f (LAXMANBLANKZ-II-14103.0 - LAXMANSLAMKI-I-14102.0)
-]

|
X *
—— _,._,..u-"J I"-\_r

1 Fiasar

T T
S 10 15 20

ML

a3

125
100
75

25

"DAD1 E, Sig=230, 1€ Ref=0ff [LAXMAN'SLANKI-I-14103.0 - LAXMANBLANE2--14102.0)
o

T T T
5 10 15 pil]

Ml

175
150
125
100

"DAD1 F, Sig=2E0,16 Ref=off (LAXMANBLAMEZ-I-14103.0 - LAXMANSLANKZHI-14102.0)
-]

T T
S 10 15 20

"DADI &, Sig=300,16 Ref=0iT [LAXMANELANKI--14103.0 - LAXMANELAMEZ-I-F14102.0)
o

— e I_L‘-I_'.IE_. ——

T T
S 10 15 20

maAU

140
120
100
a0
&0

20

"D H, Sig=320,16 Ref=0fT (LAXMANBLANKZ-IF4103.0 - LAXMANSLANKZHI-14102.0)
o

FIT 442

389



Data File C:\CHEM22)1%\DATA\LAXMRN)\BLAWKZ-II-14103.D

Sample Mame: LD-II-14l-lblank2

Area Percent Report

Sorted By H
Maltiplier H
Dilution H

U=se Multiplier & Dilution

Signal 1: DADL A, 3ig=254,

ZFignal has been modified
Peak RetTime Type Width
: § [mimn] [min]

——— ] ————— | — | ———————

1 11.2€6 BB 0.1372

LE BB 0.11&7

Zignal 2: DADL B, 3ig=254,

Signal has been modified

Peak PetTims Type Width

i [min] [min]

Zignal 3: DADL C, 3ig=2Il0,

ZFignal has been modified

Peak PetTime Type Width

3 [min] [min]

In=strumsnt 1 10/21/2012 Z:15

Sigmnal
1.0000
1.D000
Factor with ISTD=a

1& Ref=pff

after loading from rawdata file!

Area Height Area
[mAT =] [=AT] &
B e e e
3040.B3038 2D2_58622 BS_221%
22.B5802 2.593530 0.7785

35352

(4]

3064 _659620 205.

1€ BRef=pff

after loading from rawdata file!

RAr=g H=ight Er=a
[mAT* =] [mAT] L]

__________I__________ .
3040 _B3828 202_.59622 09_221%5
23.B5802 2.93530 0.T7ES

30€4 6596240 205,

on

3552

1€ Bef=pff

after loading from rawdata file!

Area Height Area
[mAT =] [=AT] &
B e e e
5350 _2€523 B234.36102 B5_Z2E11

€0_0T71EE BE_47553 0.73E5

5460_2360% B4Z_A2086

:33 PM Larzman

390
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Data File CT:\CHEM3Z\1'\DATA\LaMMEN\BLANKZ-TI-12103.D
Sample Mame: LD-II-14l1-lblankZ

Signal 2: DADL D, 3ig=2230,

Zignal ha=s been modified

Peak PetTime Type Widtch

2 [min] [min]
i A |-

1 11.2668 VB 3.1531

2 13.1%7 BB o.1182

2 27.435 BE o.lE598
Totals -

Zignal S5: DADL E, 3ig=2Z80,

Z3ignal ha= been modified

Peak RetTime Type Width

= [min] [min]
- |—— =

1 11.2€6 BE 0.1545

2 13.1%7 BB 0.1035

2 27.438 BE 0.13265
Totals -

3ignal €: DADL F, 3ig=Za0,

Signal has been modified

Peak FetTime= Type Width

i [min] [min]
- |— =

1 11.2€66 BB 0.1545

Z 13.1%7 BB 0.1035

2 27.438 BB O.13265
Totals :

Signal T7: DADL &, 3ig=200,
Signal has been modified

Peak PetTim= Type Width

: [min] [min]
- - B
1 11.2&&6 BB @.1517
2 13.1%7 BB O.1D41
=] 27.44Z BB O.1248

In=trumsnt 1 103172012 2:15:33 PM Lamxman

16 Ref=off

£

after loading from rawdata file!

Area Height Area
[mAT* =] [mAT] L]

€351 _590818 &S556.84320 SA.0352

16 Ref=pff

after loading

£

rom rawdata file!

Area Height Area
[mAT* =] [mAT] &

e Il B
2534.90454 Z1lo.00234 D9A.0S31
1B.20730 Z_&82107 0.7081
32.02457 2.3207& 1.

25

5.23642 225.74427

16 Ref=pff

after loading £

rom rawdata file!

BAreg Height Arma
[mAT* =] [mAT] ®
e e |
2534.90454 2Z19.80244 98.0531
1E.20720 2 .62107 0.
3Z2.02457 2.3207€ 1.
2585.23642 Z25.74427

16 Ref=pff

after loading from rawdata £file!

Brea
[mAT* =]

H=zight

[mAT]

Area

B

264E_E7935
19 77378

26.01523

224 581
Z.81020
Z.7433€

391
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Data File C:\CHEM3ZZ\1\DATAN\LANMBN\BLAWEZ-TI-14103.D

Sample Mame: LD-II-14l-lblank

Totals :

Signal B8: DADL H,

3ig=220,

Signal ha=s been modified

Peak BetTime Type

i [mim]

Width

[min]

2654 67441 Z240.13445

1& Ref=off

after loading from rawdata file!

Area Height Area
[mAT* =] [m&AT] L

B D
1847.67163 168.15536 ©7.3511
20.10627 .41100 1.533¢€
21.16774 2.53313 1.11353

a

Totals : 186704584 174.0854C
#** End of Report ***
In=trument 1 10,/21/2012 2:15:33 PM Laxman
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Mass Spectrum of Compound 29
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(600 MHz, CDCl3) for Compound 30
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'H NMR (500 MHz, CDCls) of Compound 31
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'H NMR (600 MHz, CDCls) for Compound 33
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3¢ NMR (151 MHz, CDCl3) for Compound 33

9/8'€- —

¥19'8T —

Y19 —

81895
1€6'SS

12609 —

80889 —

S88'+0T ~
¢C6'S0T —

Al
Ziysel W
988'S2T —=
AR
Z81'821 .\
290'621

g652€1
696'9ET ~
8Tb'8ET —

86L° LT
ThE'8hT =
b 'TST
8L£°TST
zobesT "

OTBS

@LMJUULJ__..J|U L JJ |

-10

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
399

160



19000

'H NMR (500 MHz, CDCls) of Compound 34
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3C NMR (500 MHz, CDCl3) of Compound 34
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'H NMR (500 MHz, CDCls) for Compound 35
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3¢ NMR (125 MHz, CDCl3) for Compound 35
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3C DEPT NMR (125 MHz, CDCls) for Compound 35
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HPLC Traces for Compound 35

Data File C:h Z5-RUONC1.D

Sample Mame:

Laxman

Instrument 1 Location = -

njection Date 12/8/2014 11:-232:-27 AM
Rcocg. Method C:\CHEM32\ 1\METHOD3\MASTERMETHOD.M
Las=st chang=d 1z/8/201 1 27 AM by Laxman
Enalysis Method C:\CHEM32\1 \LEXMAW\LD-VI-125-RUNOL .DNDA.M (MASTERMETHOD. M)
Last changed : 12/9/2014 12:27:21 PM by ERICA P

Fample Info Hethod: Mastermethod

"DAD1 A, Sig=254,4 Ref=0ff (LAXMANLD-VI-125-RUND1.D - LAKMANIL D-VI-125000001.0)

&

mAL

100

1 |||||l||||||||§;||||||||||||||

BRER g

2
2 IL

2T AR2

T T
] 10 15 20 25

"DAD1 B, Sig=254, 16 Ref=0fT [LAXMAMNILD-VI-125-RUNDT.D - LAXMANUD-VH123000001.0)

=S E

119993

1 ||||||l|l||||||§|||||||||||||

L

T 482

1 118 7aa

£ 10 15 2 2

"D C, Sig=210,E Ref=olf [LAXMANLD-VI-125-RUND1.D - LAXMAMNLD-\VI-123000001.0)

3
]
[=

~-HEEBEB

Ipe+rmans= 1 12f0/29074 12.40-295 DWW FDTOZ O

Created with novaPDF Printer (wwew.novaPDF com). Please register to remove this message.
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CHEM3Z% 1 \DATA\LAXMARM\LD-VI-125-RUNOL.D

I-125-14-runl

Data File C:

Sample Mames: LD-V

"DAD1 D, Sig=220, 10 Ref=off (LAXMANLD-VI-125-RUND.D - LAXMANLD-VI-125000001.0)
mal i
800

T

500

400

200 g g
i -
=

- Mass

il 5
*DAD1 E, Sig=280,18 Ref=off (LAXMAMLD-VI-125-RUNDT.D - LAXMARNLD-VI-125000001.0)
mAll
5004

FET-T.)

400 4

300
200

(=]
100 g &

mal
500

FC T

4p0
2004

200
100 g 2

mal

42430

5004
400
3004
2004
100

4 818

2 [1am8

5 10 15
OADT H, Sig=3.20, 18 Res=cff [LARMANILD-VI-125-RUND1 D - LARMANILD-VI-125000001 0]
mall ]

43420

400 4
3004
2004

100

1,818

J'_

Ins+»rmmans 1 12/9/2074 12-40-20 O FOTOR D

Created with novaPDF Printer {www novaPDF com). Please register to remove this message.
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Jata File C:\CHEM3Z%1\DATA\ILAXMBN\LD-VI-1Z5-RUNO1.D

Jample Mame: LD-VI-125-12-r1unl

Area Percent Beports

Sorted By H
Multiplier H
Dilution H

Use Multiplier & Dilution

Signal 1: DADL A, 3ig=I54,

Signal ha=s been modified

Peak PetTime Type Width
i [min] [min]

0 .0712

]
e
1w -
:ﬂ
I
'
[51]
a1}

Totals :

Signal 2: DADL B, 3ig=Z54,

Signal ha=s been modified

Peak PetTime Type Width

i [mim] [min]
R N S | ———————
1 15 BE 0 .1068

o

8 BE 0.083%8

0.1392
02 BB 01665

27.45Z BB 0 .0772

(L ST
-

- o -
Lo
o
o
[51]
(a1}

Totals :

2ignal 2: DADL C, 3ig=Zl0,

Signal has been modified

Peak FetTime Type Width

- [min] [min]
e S J———
1 7.1€9 BB J.054e8
2 27.558 VB D _1l522

Created with nowvaPDF Printer (www.novaPDF coml. Please reaister to remove this messaoe.

Signal
1.0000
1.0000
Factor with ISTD=

4 Bef=off

after loading from rawdata £ile!

Area Height Area
[mAT* =] [m&AT] L

B D
21.61808 4 74181 0.6184
3441 _EAS40 S55B.35513 ©A.4£40
24 _BDESS 1.93850 0.7087
7.26803 1.52501 0.207%

3455 .5024% S66.564E85

1& Ref=off

after loading from rawdata file!

Area Height Area
[mAT* =] [m&AT] L

B D
15.600&8 2.1464% 0.4513
3350 50537 S551.21744 08,3460

§ Rmf=off

after loading £

rom rawdata file!

Area Height Area
[mAT* 5] [mAT] L

Ins+=wmans 1 17/ /Gi7074 17.40-75 T FOTOL DO

407

Page

3 of
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Data File C:\CHEM22%1%\DATA\LAXMRN'LD-VI-1Z5-RUNO1.D

Sample Mame: LD-VI-125-la-runl

Signal 4: DADL D, 3ig=230,

Zignal has=s been modified

Peak RetTime Type Width

= [min] [min]
e B I B

1 15.130 BB 0.1026

2 17.1€5 BB 0.083&

2 17.%02 BB 0.1581

4 18.%16 BB 0.11598

5 27.&02 VB 0.2266
Totals :

Signal 5: DADL E, 3ig=280,

Signal has been modified

Pmak RetTime Type Width

Signal &: DADL F, 3ig=280,

Signal has been modified

FPeak RetcTime Type Width

3 [mimn] [min]
- ||

1 13.%L%E BB O.Z2ER2

2 15.130 BB 0.1106

2 17.169 BB o.0oez2g9
Totals :

Signal 7: DADL &, 3ig=200,

Zignal has=s been modified

Peak RetTime Type Width

3 [mim] [min]
|
1 1.5%1E BB 0 ._0755
2 17.170 BB o.0Baz

Ine+r=mans= 1 12/o/on7a 12-40-

Created with novaPDF Printer (wwew.novaPDF com). Please register to remove this message.

1€ Bef=off

after loading from rawdata £ile!

Area Height Area
[mAT* =] [mAT] L
L B D
28.5375¢€ 427385 0.5128
554B.D4736 BSD2.54651 BE.3151
17.66217 1.508403 0.306€6
11.05€80 1.31%528 0.151%
154.00311 8.04747 2.6735

S760.20710 918.77115

1€ Ref=pff

after loading from rawdata £ile!

Are=a H=zight Brea
[mAT* =] [mAT] L
-
62.B1478 2.375871 1.788€
10.40754 1.20286 0.2517
3452 .63037 567.18445 97.85157

3567 .85270 ST1.96701

1€ Ref=off

after loading from rawdata £ile!

Area Height Area
[mAT* =] [mA] B
L B D
€2.81478 2.375871 1.T788€
10.40754 1.40286 0.2817

3452 .63037 567.18445 B87.5157

3367 .B5270 ST1.96701

1& Ref=off

after loading from rawdata £ile!

Area Height Area
[mAT* =] [mAT] L
L B D
1B.05987 2.31663 0.245€

402E.24277 £51.201%54 05 3571

9= DWW FDTIME D

408
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Data File C:\CHEM32Z%1%\DATA\LAXMAN\LD-VI-1Z5-RUNO1.D

Sample Mame: LD-VI-125-13-runl

Peak PetTims Type Width
- [min] [min]

2 15.5%1E BB 0 _DoE2

3ignal B8: DADL H, 3ig=220,

Signal has been modified

Peak FetTime Type Width

i [min] [min]
—_——— | _——————— | ———— I_—_—_—_
1 1.51E BB 0 .0723
2 17.170 BB D _0527

Ar=a H=:ight Ar=a
[mAT* 5] [mAT] L

6.27247 1.0023g 0.1572

16 Bef=pfsf

after loading from rawdata file!

Area Height Arma
[mAT* =] [mAT] L
__________I__________ e e
15.04224 2.90%E1 0.2€41
3226.42042 517.99158 99.535%

3241 .4726€ SZ0.90138

#** End of Report ***

Ipm+=omans 1 17/ Gi2074 17-40-75 OWM FOTOL O

Created with novaPDF Printer (www.novaPDF com). Please register to remove this message.
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Mass Spectrum for Compound 35
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'H NMR (500 MHz, CDCls) of Compound 36
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HPLC trace of Compound 36
Data File C:\Chem32\1\Data\Blake\RUN1000008.D
DiboundMonoCAl Runl

Sample Name:

Acqg. Operator Blake
Acg. Instrument Instrument 1 Location : -
Injection Date 3/5/2015 10:53:54 PM

Method
Last changed
Analysis Method
Last changed
Method

RAcg.

Info

Sample Info

C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
3/5/2015 10:44:03 PM by Blake
C:\CHEM32\1\METHODS\RT-ACNWASH 2.M
7/9/2015 2:27:22 PM by Blake

General Column Wash Method

Dibound Mono Trigger CAl Run 1

Additional Info Peak(s) manually integrated
"DAD1 A, Sig=254,4 Ref=off (Blake\RUN1000008.D - C:\CHEM32\1'\DATA\BLAKE'\BLANK 1000007.D)
mAU 3 Y
= ‘
=
2 |
@ |
bE J A
- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25 30 35 mi
DAD1 B, Sig=254,16 Ref=off (Blake\RUN1000008.D)
mAU ] ™
800
600 ]
400 ‘
- -
] o © =]
200 2§ E ‘ =
: LEoe
0] T— NS S ——
-—— Y ————— [ ———— T
5 10 15 20 25 30 35 mi
"DAD1 C, Sig=210,8 Ref=off (Blake\RUN1000008.D - C:\CHEM32\1\DATA\BLAKE\BLANK1000007.D)
mAU ] ©
800
600
400 “
N (]
200 § ‘
1 |
0 M JU
-————— Y —————f——————— [ —T—F————— | T[T
5 10 5 20 25 30 35 mi
DAD1 D, Sig=230,16 Ref=off (Blake\RUN1000008.D)
mAU ] o
2000
1500
1000 ‘
] @ -
w] g 23 8% @
] «© - o= © - o
- - - &
04 X w'l‘ Ly N_m,_nh.ﬁuﬂrw\u_'_ﬁ_fwwﬁ
-—— T
5 10 15 20 25 30 35 mi

1200 HPLC 9/1/2016

1:25:18 PM

o

SYSTEM Page 1 of

413




Data

File C:\Chem32\1\Data\Blake\RUN1000008.D
Sample Name

: DiboundMonoCAl Runl

"DAD1 E, Sig=280,16 Ref=0ff (Blake\RUN1000008.D - CA\CHEM32\1\DATA\BLAKE'\BLANK 1000007.D)

;
M

200 “

3
W
o o 2
oo C.

o
o

|
3.677

o
T

T
5 10 15

30 35 mi

DAD1 F, Sig=280,16 Ref=0ff (Blake\RUN1000008.D)

minm
421

-

o

o

i

4
42

13.023
8.401

o
o
L

P S S W W W1 S PN S —

T T T T
5 10 15 20 25

30 35 mi

*DAD1 G, Sig=300,16 Ref=cff (Blake\RUN1000008.D - C:\CHEM32\1\DATA\BLAKE\BLANK1000007.D)

=2}
4004 %
3004 “
| I

4L
T

3.677

= (]
o (=]
o o

o

——Y— T 7T T T
5 10 15 20 25

“"DAD1 H, Sig=320,16 Ref=off (Blake\RUN1000008.D - C:\CHEM32\1\DAT A\BLAKE\BLANK1000007.D)
mAU 3 e
3503 %
3003
250 ~
= [y
2003 @
3 o
150 3 “
1003 |
505

F7.479
r26.378
26.944

o
ol

Sorted By

S
Multiplier : 1.
Dilution 1

Use Multiplier & Dilution Factor with ISTDs

1200 HPLC 9/1/2016 1:25:18 PM SYSTEM

414
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Data File C:\Chem32\1\Data\Blake\RUN1000008.D
Sample Name: DiboundMonoCAl Runl

Signal 1: DADl A, Sig=254,4 Ref=off
Signal has been modified after locading from rawdata file!

Peak RetTime Type Width Brea Height Area
# [min] [min] [mAU*s] [mAU] %
e R |- [ = | = !
1 3.677 BV 0.0751 154.96552 31.65848 3.7729
2 14.928 BB 0.1464 3952.39966 417.61395 96.2271
Totals : 4107.36517 449.27243

Signal 2: DAD1 B, Sig=254,16 Ref=off

Peak RetTime Type Width Erea Height Rrea
# [min] [min] [mMAU*s] [mAU] %

1 0.0792 412.37903 78.59989 5.5884
2 0.0864 140.5174¢ 24.69783 1.9042
3 1e.178 BB 0.0870 150.26€970 26.17360 2.03¢4
4 0.0921 6080.55078 1011.67804 82.4012
5 0.0914 595.48279 100.03498 8.0697

Totals : 7379.19975 1241.18435

Signal 3: DAD1 C, S$ig=210,8 Ref=off
Signal has been modified after loading from rawdata file!

Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mMAU*s] [mAU] %

1 3.677 BV 0.0737 292.1922¢ 61.24960 2.7847
2 3.833 vB 0.0865 548.90851 96.23808 5.2313
3 14.928 BB 0.1461 9651.77344 1023.13129 91.9841

Totals : 1.0492%e4 1180.61897

Signal 4: DAD]1 D, Sig=230,16 Ref=off

Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mAU*s] [mAU] %
R R R | === | == !
1 1.895 BB 0.0813 104.26080 18.61610 0.5003
2 13.023 BB 0.07%92 970.77802 184.92006 4.6584
3 14.344 BB 0.0886 307.83749 52.389%4¢ 1.4772
4 16.826 VV 0.0895 281.78674 47.30568 1.3522
5 17.422 BV 0.1256 1.80297e4 2346.77515 86.5168
6 18.401 vB 0.0910 824.25653 139.37587 3.9553
7 20.8el vv 0.1067 320.90729 43.16537 1.5399
Totals : 2.08395e4 2832.54768
1200 HPLC 9/1/2016 1:25:18 PM SYSTEM Page 3 0of 5
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Data File C:\Chem32\1\Data\Blake\RUN1000008.D
Sample Name: DiboundMonoCAl Runl

Signal 5: DADL E, Sig=280,16 Ref=off
Signal has been modified after loading from rawdata file!

Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*=] [mAU] %
| [ | = | === | === \
1 3.677 BB 0.0774 414.77179 81.48527 9.4891
2 14.928 BB 0.1464 3956.28125 417.95911 S50.5109
Totals : 4371.05304 499.44437

Signal ©: DADLl F, Sig=280,1¢ Ref=off

Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mAU*s] [mAU] %

1 13.023 BB 0.0793 €14.59393 117.0elel 10.6630
2 17.421 BV 0.0908 4903.08594 831.98090 85.0673
3 18.401 vv 0.0920 246.09302 41.01019 4.2697

Totals : 57€3.77289 990.05270

Signal 7: DADl G, Sig=300,16 Ref=off
Signal has been modified after loading from rawdata file!

Peak RetTime Type Width Lrea Height LArea
# [min] [min] [mAU*s] [mAU] %

1 3.677 BB 0.0764 758.47052 151.60106 14.2607
2 14.928 BB 0.1475 4560.13281 476.96796 85.7393

Totals : 5318.60333 628.56902

Signal 8: DADl H, Sig=320,16 Ref=off
Signal has been modified after loading from rawdata file!

Peak RetTime Type Width LArea Height Area
# [min] [min] [mAU*s] [mAU] B
R R R R | == !
1 2.656 BB 0.0669 29.37908 73783 0.5950
2 3.677 BB 0.0764 815.72125 162.95384 16.5208
3 7.479 BB 0.1111 41.89455 5.88280 0.8485
4 14.927 BB 0.1491 3772.36133 389.08377 76.401e
5 26.378 BB 0.1392 15.31042 1.69743 0.3101
€ 26.944 BB 0.1383 14.27374 1.59684 0.2891
7 29.894 BBA 0.2220 248.60039 le.6e61l2 5.0349
Totals : 4937.54077 584.61863
1200 HPLC 9/1/2016 1:25:18 PM SYSTEM Page 4 of 5
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Data File C:\Chem32\1\Data\Blake\RUN1000008.D
Sample Name: DiboundMonoCAl Runl

*** End of Report ***

1200 HPLC 9/1/2016 1:25:18 PM SYSTEM Page 5 of 5
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Mass Spectrum of Compound 36

100 486.1219 NL: 2.33E6
Mono Cyclic APP 1
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Acetone) for Compound
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13C DEPT NMR (125 MHz, Acetone) for Compound 37
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HPLC Traces for Compound 37

Data File C:AWCHEM3ZNW1MWDATANLAXMRMA\LDVIISS-1-RUNOL.D
Sample Mame: LD-VII-55-1&-runl

Laxman

Location : -

Instrument 1

Z 50-90 RACHN.M
Lazman
N"LIWIIS5-1-BUONO1.DM\DA.M

8 &M by Graham

{EM32% 1\DA
1/5/2015 11:51:0

ample Info : Method- GRAD 2 50-30% ACH

(GRAD

P

DAD1 A, Sig=254.4 Ref=off [LAXMAMNLDVIISS-1-RUND.D)

25

5
DAD1 C, 5ig=210,8 Ref=off (LAXMANLDVIES-1-RUNDT O

25

mall 3

1400
12005
1000
200
a00 3
400 2
200 |5
5\

|
=
o
5

25

Instrument 1 4/9/2015 11:52:45 BM Graham
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Data File C:\CHE

Sample Mame: LD-VII-55-1h-runl

32\ INDATANLAXMAN LOVIISS-1-RUNOL

DAD1 G, 3ig=300, 18 Ref=off (LAXMANLDWVIISS-1-RUND.D)
mal ;
1750
1500
1250
1000
750
500
250

D_

DADTH, Sig=330, 16 Ref=off [LAXMAMLIVI 5c-1-gUN.." )]
mal)
1750 4
1500
12504
1000
a0 4
500
250 |

in—|

1 13045

Sortced By
Multiplier
Dilution

Use Mulciplier

Dilution Factor with ISTDs

1 EB a 3 .€7595=4 1555.17

z EB a 57 6Z2.35123 25_84

3 BV 0.1528 467._03598 45_85
Totals : 1._T75885=4 Z034.86
Signal 2: DRDL Z, S5ig=210,8 Ref=cff

415 SE.ZBde
251 2.0601
0os 2.68553

w1

423



Data File C:WCHEM3Z\1N\DATA\LAXMRMNLDVIISS-1-RUNOL.D
Sample Mame: LD-VII-55-1A-runl

Peak RetTims Type Widch Lrea feight Lrea
¥ [min] [min] [mAO*s] [mATT] &

Signal 3: DADL E, Sig=220,16 Ref=off

Peak RetTims Type Widch Lreas leight Lrea
¥ [min] [min] [mAT*s] [mATT] &

10.003 BB
10.7%8 BE
13.044 BV

54 .7e74
2.488%
Z2.7441

Totals 1.545808ed 1800.5915%2

Signal 4: DADl G, Sig=300,1& Ref=off

Deak RetTime Type Width Areas Height Lrz=az
¥ [min] [min] [mAO*s] [mAT] &

e e | ————m——- | —————- | ——————-
1 10.003 W 0.1358 1.73504e4 195%2.41077 B5.5853
2 10.7%8 VB 0.231e 1108_339&0 65.42634 5._T7353
3 13.045 BV 0.16l3 BZe.0B325 T5.69753 4.2747

Totals : 1.53248e4 2133.53502

Signal 5: DADL 3, Sig=320,1f Ref=cff

Peak RBetTims Tyvpe Width Arsa Height Arsa
# [min] [min] [mAT*s] [mATT] %

1 10.003 W 0.13e5 1.77Z¢led4 2018.250e5 BT.31Z0

2 10.7%8 VB 0.2320 153&€.88574 90.5561( T.5701

3 13.045 BV 0.15%& 1035.03064 56.5135 5.117%
Totals : 2.03020e4 2205.3c028

t&#+ End of Report *&¥

Instrument 1 4/9/2015 11:52:45 BM Graham
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Relative Abundance
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Mass Spectrum of Compound 37
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'H NMR (500 MHz, CDCls) of Compound 38
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3C NMR (500 MHz, CDCl3) of Compound 38
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HPLC trace of Compound 38
Data File C:\Chem32\1\Data\Blake\wash.D
Sample Name: wash

Acg. Operator : SYSTEM
Sample Operator : SYSTEM
Acg. Instrument : 1200 HPLC Location : -
Injection Date : 9/27/2016 8:32:29 PM
Inj Veolume : No inj
Bcg. Method : C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
Last changed : 4/30/2014 1:53:57 AM by ERICAP
Analysis Method : C:\CHEM32\1\METHODS\RT-ACNWASH 2.M
Last changed : 7/9/2015 2:27:22 PM by Blake
Method Info : General Cclumn Wash Method

Additional Info : Peak(s) manually integrated

DAD1 A, Sig=254 4 Ref=0ff (Blake\wash.D)
mAU o
1000 %
800 “
600 ‘
400 |
] o |l
200 = ‘ [
] AN
0 Ly |
L T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25
DAD1 C, Sig=210,8 Ref=off (Blake\wash.D)
mAU 5%
2000 #
1500 “
1000 ||
E © © (=] <
] wRemerrge s S| £ 88 3
3 ©Q) ARRILO ) 0 UEO <o = | o <+ 0 <
o] Tpriimeee g g0 ~~ A S BN N
E T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25
DAD1 D, Sig=230, 16 Ref=off (Blakewash.D)
mAU ] =
60
40
20
] L §
04 % o
1 % ‘_\ —
20 1*1 Y
] \ ——
——-——Y—— ]
5 10 15 20 25
DAD1 E, Sig=280,16 Ref=off (Blake\wash.D)
mAU ] ©
800 %
600 ‘\
400 |
] [
2004 o @ R e g
1§ == g 3| 3?9
04 =, P D\ — e
L —
5 10 15 20 25
1200 HPLC 9/27/2016 9:14:50 PM SYSTEM Page 5
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Data File C:\Chem32\1l\Data\Blake\wash.D
e

>: wash

DAD1 F, Sig=320,16 Ref=off (Blake\wash.D)
mAU - Q2
264
-28 B
-30 o
-32 s f“
-343 o
-36
-38
h T T T T T T T T T T T T T T T T T T
5 10 15 20 25 mi
DAD1 G, Sig=300,16 Ref=off (Blake\wash.D)
mAU ] e
1000 |
800 ‘
600 ‘ |
400
] - | ‘ ~ o
w] g @ 8 3 5 ]
1 2 Soss N A \ I e
o =, e s — S
T T T T T T T
5 10 5 20 25 mi
DAD1 H, Sig=320,16 Ref=off (Blake\wash.D)
mAU 7 ©
1000
800 |
600 “
4004 - |
200 2 || -
12 g8 g§ § o 5 &
7 < %r@m «© < i | <+ 15
o] o= e e s L s
— — —— — —— ——
5 10 15 20 25
Area Percent Report
Sorted By Signal
Multiplier : 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mAU*s] [mAU] %
] R B ] B |=======- !
1 9.178 BB 0.1647 575.78760 53.86548 4.3780
2 10.136 BB 0.1669 1.2576led4 1174.37427 95.6220
Totals : 1.31518e4 1228.23975
1200 HPLC 9/27/2016 9:14:50 PM SYSTEM Page 2 of
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Data File C:\Chem32\1\Data\Blake\wash.D

Sample Name: wash

Signal 2: DAD1 C,

Peak RetTime Type

# [min]
- |- |
1 1.097 BV
2 1.368 VvV
3 1.540 vV
4 1.829 VB
5 2.342 BV
6 2.507 VB
7 2.955 BV
8 3.082 VB
9 3.300 BV
10 3.437 VW
11 3.657 vV
12 3.817 VB
13 4.329 BB
14 4.874 BB
15 5.590 BV
16 5.851 vB
17 7.422 BV
18 7.960 VB
19 9.178 BV
20 10.136 VB
21 12.118 BB
22 14.380 BV
23 15.209 VB

24 24.824 BB

Totals

Signal 3: DAD1 D,

Peak RetTime Type
# [min]

W =~ o U o W
SRS IS S N
\ PR

a

IS

<

o]

—

Totals

Sig=210,8 Ref=off

Width

[ R R I [ o N o B I Y o [ [ o [ I B B B oo B oo T o T o B e BN e B B B |

1901
.1855
L1724
.1833
.1987

Area
[mAU*s]

106.6
30.
42,
23.
19.
55.
69.
74.
45.

978.6

2.84074e4

14
301
263

25

.03423
.84442
.516e85
.10380

3.12204e4

Sig=230,16 Ref=off

Width

o o O o o o o O

Area
[mAU*s]

1200 HPLC 9/27/2016 9:14:50 PM SYSTEM

14.

(3]

—

W o~ o = Wy By

s}
Ne)

2364.
1.
26.
21.
1.

2675.

Height
[mAU]

.02189
.95271
.74313
.73474
.99775
.16957

2.80325

43V

O O 0O O O W o O 000000000 o0 o o o o oo
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Data File C:\Chem32\1l\Data\Blake\wash.D
Sample Name: wash

Signal 4: DADL E, Sig=280,16 Ref=off

Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*=] [mAU] %
N L R [ |- |~ !
1 1.095 BB 0.1203 23.23680 2.5992¢6 0.1911
2 2.507 Vv 0.0825 13.25547 2.39738 0.1090
3 2.602 VB 0.0799 11.86713 2.16566 0.0976
4 2.955 BV 0.0778 23.27455 4.69450 0.1914
5 3.082 VB 0.0850 99.69138 17.36660 0.8198
5 3.432 BB 0.1141 8.99181 1.30945 0.0739
7 3.658 BV 0.0895 8.01711 1.42729 0.0659
8 3.828 VB 0.1285 17.14674 2.11773 0.1410
9 7.408 BB 0.1763 18.24699 1.561590 0.1501
10 9.178 BB 0.1644 553.62714 51.93246 4.5528
11 10.136¢ BB 0.1669 1.11720e4 1043.97192 91.8739
12 14.379 BB 0.1690 122.91336 11.11768 1.0108
13 15.209 BB 0.1837 87.87356 7.23654 0.7226
Totals : 1.21602e4 1149.89837
Signal 5: DADl F, Sig=320,16 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s5] [mAU] %
] R [=====mmmm- [=======-== | =======- !
1 1.680 BV 0.1282 31.92470 3.26le2 19.7916
2 1.969 vV 0.1516 42.04145 3.61721 26.0634
3 2.142 Vv 0.0422 14.54720 5.74288 9.0185
4 2.235 VB 0.0862 72.79123 14.09685 45.1266
Totals : 161.30458 26.71855

Signal 6: DADl G, Sig=300,16¢ Ref=off

Peak RetTime Type Width Area Height Lrea
# [min] [min] [mMAU*=] [mAU] %
e R R |-——=mmmm s | === |- !
1 1.095 BB 0.1158 20.06848 2.34592 0.1311
2 2.345 BV 0.0891 8.57328 1.44754 0.0560
3 2.506 Vv 0.0789 9.90580 1.83700 0.0647
4 2.602 VB 0.0802 12.842¢64 2.33244 0.0839
5 2.956 BV 0.0738 24.54047 5.12679 0.1603
6 3.082 VB 0.0868 182.88321 31.91949 1.1949
7 3.433 BB 0.1152 8.80266 1.29695 0.0575
8 3.658 BV 0.0890 7.88855 1.41603 0.0515
9 3.829 VB 0.1365 16.91241 2.00245 0.1105
10 7.405 BB 0.1704 26.67171 2.35090 0.1743
11 9.179 BB 0.1639 1102.77478 103.80939 7.2051
12 10.13¢ BB 0.1673 1.3633924 1269.69946 89.0786
13 14.377 BB 0.1741 145.5484¢ 12.85734 0.9510
14 15.209 BB 0.1804 104.16794 8.77950 0.6806
1200 HPLC 9/27/2016 9:14:50 PM SYSTEM Page 4 of 5
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Data File C:\Chem32\1l\Data\Blake\wash.D
Sample Name: wash

Peak RetTime Type Width Area Height

# [min] [min] [mAU*s] [mAU]
N L R [ |- |~ !
Totals : 1.53055e4 1447.22120

Signal 7: DADl H, Sig=320,16 Ref=off

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s5] [mAU]
R R R R | == !
1 1.094 BB 0.1136 17.27962 2.06573
2 2.343 BV 0.0916 11.41241 1.86050
3 2.601 VB 0.1189 17.75151 2.05259
4 2.956 BV 0.0724 18.20128 3.90547
5 3.083 vv 0.0884 202.91699 34.59048
6 3.435 VB 0.1226 12.80356 1.72437
7 3.657 BV 0.0893 8.89841 1.58915
8 3.837 VB 0.1539 11.76254 1.24904
9 5.852 VB 0.1474 10.19680 1.04921
10 7.402 BB 0.1734 30.37993 2.61731
11 9.179 BB 0.1638 1439.05432 135.63530
12 10.136 BB 0.1e71 1.24273e4 1159.30432
13 14.375 BB 0.1776 123.9%6412 10.66818
14 15.209 BB 0.1679 90.05003 8.34193
Totals : 1.44220e4 1366.65357

w0
o o W O O O O O K+ oo oo

*** End of Report ***

1200 HPLC 9/27/2016 9:14:50 PM SYSTEM
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Relative Abundance

Mass Spectrum of Compound 38

100 333.1328 NL: 6.03E6
Mono Major CA1b#1
920 RT:0.00 AV: 1 T:
FTMS + p APClIl corona
pi Full ms
80 [150.00-2000.00]
70
488.1363
60
50
20 516.2174
30
20
282.2789
10
609.1348
= Y “J‘l IJJ Gl T 717.7833  997.2480 1146.4154 1308.9265 1622.5002 1884.8030
100 485.1152 NL: 1.49E6
= mono major cal neg#1
3 RT:0.00 AV: 1 T:
90 331.1188 FTMS - p APCI corona
_Z pi Full ms
807 [150.00-2000.00]
70
60
50
40
30
20
E 518.1130
10
3. 4l 5301987 868.9456 968.9394 1305.9558 1505.9425 1705.9291 1821.9545
O—Har ety LAARAN AAS LS Andt LA RARAN LAY [ARAAY RARLE RAARS RARAN LALSS RARARY RARAS LRAMY RARLE NAARY RAARS RARAN LRARY RARAS LEARI RARLY RARN AR RARAN RRARI RARMN|
200 400 600 800 1000 1200 1400 1600 1800 2000
m/z
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for Compound 39
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3¢ NMR (151 MHz, CDCl3) for Compound 39
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Data File C:

HPLC Traces for Compound 39

WCHEM3zZ2M 1% DATANLAXMRNBE-I-85-BOTTOMzZ . I

Sample Wame: BE-I-8%-bottom—isomer-rerun

Cperator

Instrument

Laxman
Inscrument 1
)

:42:58 PM

EM3ZN1INMETHODSAGRAD Z 50-30 BCH_M

7:3% PM by Laxman
AT LEXMENYEE-I-85-BOTTOMZ .DNDR.M (GRRD Z 50-5%0 RCH.H)

55 PM by Laxman

Method-Gradz S50-50% ACH

DAD1 A, S5ig=254 4 Ref=cff (LAXMANEBE--38-BOTTOMZ D)

mAL
7500

2000
1500
10003
500

] i0
DAD1 C, 5ig=210,8 Ref=cff (LAXMAMNEBLK--82-BOTTOM2D)

4

mal ]

1000
300
800
4p0
200

5 1
DAD1 E, Sig=280,16 Ref=off [LAXMANBE-1-38-BOTTOM2 D)

4

11183
14.358

n—|

Instrument 1

7/8/72015 3:31:02 PM La=man

436



Data File C:3CHEM3Z\1‘\DATA\LAMMAWN\BE-I-B5-BOTTCMZ_D
Sample Wame: BE-I-B%-bottom-isomer-rerun

DADT G, Sg=200,16 Rei=off [LAXMANEF-- 90507 TOMZ D]
I @
1400
1200
10003
800

800 ‘
400

200

_E—-11.1a+
Jraass

e e

m i

DADT H, Sig=330.78 Ref=cff [LAXMANBE-EE-B0TTOMID)

4

mAU 3
1400 3
12003
10004
800

800 ‘
400
200

= 111463
b 14.358

=

Sortced By
Multiplier
Dilution

Use Multiplier & Dilution

H [min]

Totals : 1.64393e4 1727.16€l8

Signal 2: DED1 C, Sig=210

Pezak BecTims Type

H [min]

3.164759=4 ZTBO.Z&

3358.26584 36.3

437
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Data File C:\CHEM22%1%\DATA\LAXMRN'BK-I-35-BOTTOMI.D

Sample Mame: ER-I-85%-bottom—isomezr—rerun

Feak FetTime Type Width Area Height Area
i [min] [min] [mAT* =] [mAT] L

Totals : 3.31032e4 2ZD040_403544

Signal 3: DADL E, 3ig=Z280,1€ Bef=ofsf

Peak RetTime Type Width Area Height Area
i [mim] [min] [mAT* =] [mAT] L]

1 11.1%3 BV 0.1410 €10.4112%5 66 .56650 4.6274
2 12.54E BV 0.l468 1.230866e4 12D5.82520 BD2.8761
2 14.356 BB 0.1l442 184_Z112€ 10.83845 1_35BES

Totals - 1.31812e=2 13592Z._.23014

Signal 4: DADL &, 3ig=2300,1€ Bef=pff

Peak RetTime Type Width Area Height Area
i [mim] [min] [mAT =] [mAT] &

1 11.1%2 BV 0.1402 122B.4€6973 124.744€0 7.0437
0.1472 1.5B56%=4 1661.58382 0O0.89187

2 14.356 BV 0.144Z 355.364590 28.30421 2.037¢6

ta
|

I

in
i
m
&1}
=

Totals - 1.74407=e4 1EBE24_634€3

Signal 5: DADL H, 3ig=320,1€ Bef=off

Feak FetTime Type Width Area Height Area
i [min] [min] [mAT* =] [mAT] L

e o | e e e ____I_______ __________I__________ e e
1 11.1%2 BV 0.1401 1616.9%170 177.81337 9.0370
Z 12.548 BV 0.1472 1.5T7T7l4e2 1651.359465 EA.1433

. e
2 14.356 BV 0.1442 504.5242€ 54 .32704 2.81%7

& de ok &k

End of R=port

Instrumsnt 1 7/8/2015 3:31:02 PM Lamxman Page 3 of 32
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Relative Abundance

100

116.9858

J 162.9734

N T

272.55
o]

Y

11

353.2661

sl o)

Mass Spectrum of Compound 39

496.1034

4741214
413.2660 512.0770 564.0909

- L., Y IR -,[,14, - ,,/,,/,,,_.

647.2608 725.4021 808.?391

886.3795

969.2166

100

4731139

478.1173

1007

474.1217
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1007

496.1037

502.1104

300

| IS AR RS RS RS RN AR RARS MRS RARS RARS RAME AR RRAY RARS AR RAMS|
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439

T

T

I

800

T

T

T

NL:

1.77E7
BK-I_63-rerun_Orbi_+
ESH1 RT:0.00 AV: 1
T: FTMS + p ESIFull
ms [110.00-1000.00]

NL:

7.22E5

C23H23 NOg S:
C23H23N10g S
pa Chrg 1

NL:

7.22E5

C23H2o3 NOg S +H:
C23H24N10g S
pa Chrg 1

NL:

7.22E5

C23H23 NOg S +Na:
C23H23 N1 0OgS1Nay
pa Chrg 1



'H NMR (500 MHz, acetone d-6) of Compound 40
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HPLC trace of Compound 40

Data File C:\Chem32\1\Data\Blake\CAIMONOMINOROOE&.D

Sample Name:

CAlMonoMinorIsomer

Acqg. Operator

Acqg. Instrument
Injection Date
Method
Last changed
Analysis Method
Last changed
Method Info

Acq.

Sample Info

BLAKE

Instrument 1
5/11/2016 3:35:08 PM
C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
5/11/2016 3:29:22 PM by BLAKE
C:\CHEM32\1\METHODS\RT-ACNWASH 2.M
7/9/2015 2:27:22 PM by Blake

General Column Wash Method

Location : -

Purest Frac

Additional Info Peak(s) manually integrated
DADT A, Sig=254.4 Ref=off (Blake\CATMONOMINORO0E.D)
mAU ] i
800 ﬁ
600 ] “
400
] <
200 g | | 8 2
] & = <
b s =
0 - e —
————————— : :
5 10 15 20 25 mi
DADT C, Sig=210,8 Ref=cff (Blake\CATMONOMINORO06.D)
mAU 3
2000 %
1750
1500
1250
1000
750
500 o | & 2
250 & I = 3
o4+ —— — |CDI \‘\I\ . Lo
———— ‘ :
5 10 15 20 25 mi
DAD1 E. Sig=280,16 Ref=off (Blake\CATMONOMINORQ06 D)
mAU 4 i
700 ﬁ
600
500 ‘
400
300 \
200 ° “ 3 ¥
100 2 = 3
0 2, Llypa, L=
——————— : :
5 10 15 20 25 mi
DADT G, Sig=300,16 Ref=0ff (Blake\CATMONOMINOROQ6.D)
mAU i
800 *Tf
500 “
400
] ‘ 3 o
200 — | @ N
] 2 - e
7 o A, 3
0 halt LA N — ]
——m—m—————— : :
5 10 15 20 25 mi
1200 HPLC 9/1/2016 1:21:27 PM SYSTEM Page 1 of 3
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Data File C:\Chem32\1\Data\Blake\CAIMONOMINOR(OO6.D
Sample Name: CAlMonoMinorIscomer

DAD1 H, Sig=320,16 Ref=off (Blake\CATMONOMINORQ06.D)
mAU A 3
800 ‘{[
600+ “
400 |
: | &
200 - | = 3
1 @ - -
A =) H i <
[ s VAo _
- T T I T T T T T I T T T T
5 10 15 20 25 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADI A, Sig=254,4 Ref=off
Peak RetTime Type Width LArea Height Area
# [min] [min] [mAU*s] [mAU] %
e R |- R | = !
1 8.890 BB 0.1415 98.29693 10.66364 9651
2 11.144 BV 0.1412 9471.36328 1031.05286 92.99548
3 11.984 vB 0.1531 435.87039 43.43245 4.279%6
4 14.174 BV 0.1531 179.30080 17.85905 1.7605
Totals 1.01848e4 1103.00799
Signal 2: DADIl C, $ig=210,8 Ref=off
Peak RetTime Type Width LArea Height Area
# [min] [min] [mAU*s] [mAU] %
e R [=========- [=====m=mm |=====m== |
1 8.890 BB 0.1418 248.90137 26.94793 1.0891
2 11.144 BV 0.1507 2.14740e4 2223.11255 93.9¢6
3 11.984 VB 0.1474 705.34277 73.89548 3.08
4 14.175 BV 0.1507 425.9559%¢6 43.32686 1.8638
Totals 2.28542e4 2367.28281
Signal 3: DAD1 E, Sig=280,1l6¢ Ref=off
1200 HPLC 9/1/201é 1:21:27 PM SYSTEM Page 2 of 3
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Data File C:\Chem32\1\Data\Blake\CAIMONOMINOR(OO0G.D
Sample Name: CAlMonoMinorIsomer

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*=] [mAU] %
i R | === | === |-——————- |
1 8.890 BB 0.1418 87.92610 9.51514 1.0175
2 11.144 BV 0.1410 7950.11084 866.50201 91.9%69
3 11.984 vB 0.1518 424.61340 42.,77497 4.9135
4 14.174 BV 0.1530 179.0629%6 17.85389 2.0721
Totals 8641.71330 936.64601
Signal 4: DAD1 G, Sig=300,16 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=] [mAU] %
R R [ [ = |~ !
1 8.891 BB 0.141e 101.99403 11.06105 0.9697
2 11.144 BB 0.1410 9427.53125 1028.07629 89.6329
3 11.984 BB 0.1464 772.94672 8l.67284 7.3488
4 14.172 BV 0.1590 215.45932 20.77102 2.0485
Totals 1.05179e4 1141.58120
Signal 5: DAD1 H, Sig=320,16¢ Ref=off
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %
R R [ [ = |~ !
1 8.891 BB 0.1415 108.28686 11.75676 0.9815
2 11.144 BB 0.1411 9654.57617 1051.61963 87.5111
3 11.984 BB 0.1464 1080.27380 114.20609 9.7918
4 14.169 BV 0.1644 189.26395 17.46828 1.7155
Totals 1.10324e4 1195.05076
**%* End of Report ***

1200 HPLC 9/1/2016 1:21:27 PM SYSTEM
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Mass Spectrum of Compound 40

100 333.1332 NL: 3.49E6
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90_‘ RT:0.01 AV:1T:
. FTMS - p APCI corona
E pi Full ms
807 485.1162 [150.00-2000.00]
70—
60—
4 240.0672
50
40
30
20-]
. 518.1140
10
1, il 1607-‘1 230 geg.09476 9732581 12059641 1405.9520 1605.9393 1721.9670
0 1 o M T T T T T T T T T T T T T T T T T T T T T T T T T T T T |
200 400 600 800 1000 1200 1400 1600 1800 2000
miz 'H NMR

445



(600 MHz, CDCl3) for Compound 41
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3¢ NMR (151 MHz, CDCl3) for Compound 41
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HPLC Traces for Compound 41

Data File T:4 XMENBE-I-35BOTTOMO3. D

Sample Mame: EFR-I-85%bottom—reruni3

Ecocg. Operator : Laxman
Aog. Instrumsnt @ Instrument 1 Location = -
Inj=ction Date 1

Analysis Hethod W LAMMANA\BE-I-ESBOTTOMOZ.DNVDA.M (GRAD 2 50-90 ACH.M)
P by Lamman

ACH

Last changed

Sample Info

DAD1 A, Sig=254, 4 Ref=off [LAXMANBK--F3SE0T TOMO3.0)

|

3
k]
S

oq | o
200 o - &
= | ==

L P Y el

T
S 10 i5 20 25

DAD1 C, Sig=210,B Raf=0ff [LAXMANBEK--E980TTOMI3 D)
maL

1500
1000

SO0

14058

[
|
!
|

1313132

3 10
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Jata File

Jample Ham

=1

:\CHEM22% 1\ DATA\LAKMAN'\BE-I-38BOTTOMO2. D

ER-I-8%bottom—rerand

maL
1200
1000
600
600
400
200

DAD G, Shp=300, 16 Ref=0ff [LAXMAN'BK--8980TTOMIZ D)

-
&
= |l
e

T1a8m

23 mi

]
[=

ggEEz

8

8

[=]

DAD1 H, Sig=320,16 Ref=off (LAXMANBE-HFE0TT OMD3.D)

41934

,_..,_
=

20

25 mir

Area Percent Report

Sorted By H

Sigmal

Multiplier H 1.0000

Dilution H 1.0000

Use Multiplier & Dilution Factor with ISTDa=

Signal

Signal

Instrument

l: DADL A, Sig=

[min] [mAT* =]

10 0.1421 16B.963503 1g.2
1z 0.1265% 1.29Z45=4 1359.975

1.21458=4 12EB£.002

DAD1 &, 3ig=210,8 Remf=off
TSL02015 12:43:01 PM Lammam
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Data File C:

Sample Hame:

Y OH

CHEM3Z\ 1\ DATA\LAXMAN\BE-I-35BOTTCOMO3 . D

ER-I-8%bottom—rerund

Peak BetTime Type Width Area
- [mim

e B ] B
.522 BV
.270 BB
.10z BYV
2.050 BB

L 10
z 12
2 132
4 14

Totals :

Signal 3:

] [min] [mAT* =]

0.1429 300.59656
D.LE8L 2.72E45=4
0.1268 101.43078

0.1415 S0.76510

DADL E, 3ig=Z80,1€ Ref=of:f

Peak FetTims Type Width Are=g

- [mim

L 1
10

o -

13.
14

LU SO

Totals :

Signal 4:

in
=

.536 BB
.523 BV

.270 BB

1 [min] [mAT* =]

O.0B0E S2.4874¢€
0.1L296 146.41867
D.1l46€ 1.01l20&m2
12.0€543

0 BB 0.1276
8 32.48272

BE 0.1398

=

1.02B51ed

DADL &, 3ig=2300,1€ Ref=of:f

Peak FetTime Type Width Areg

2 [min] [min]

[mAT s =]

L 10

z
2 13
4 14

Totals :

Signal 3:

.522 BV
.270 BV
.511 BB
.055 BB

0.1289% 280.53387
0.1470 1.300B4ed

0.140& 20.27245
0.1405 €2.33008

1.33726ed

DAD]1 H, 3ig=232Z0,16 BRef=off

Peak PetTime Type Width Area

= [min] [min]

L 1
i0.

14

14

LU SO )

Totals :

.536 VB

[mAT =]

o.D0E02
o.1388

37.23&607
6L .4952

270 BW 0.1471 1.294B6ed
050 BB 0.1407 B0.02534
47Z BB 0.1373 B.BT988

1.34462e2

Height Area
[mAT] L

1.0785
58.341€
0.2€43
0.2146

32.20351%
2552.27441
11.51260
G.60854

H=:ight Arma
[mAT] B

12.28543 0.51%0
15.880357 1.4085
1065.87317 B7.63E65
1.4716€ 0.1z
2.58338

1104 . 19823

Height Arma
[mAT] L

R maal Bl
2.087

126T7.02710 897_2770

a7

1406.83672

He=:ight Area
[mAT] B

G_43805 0.2777
359.48752 Z2.6884
1259.96545 0&_Z583
o_B4EE60 0.6€85
1.02271 0.0EE0

1410 TEQ74

Instrumens 1 7/10/2015 12:43:01 PM Laxman
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Data File C:\CHEM22%1\DATA\LAXMAMN‘\BF-I-SSBOTTOMOZ.D

m
a
—
1]
=
b
i1
m
il
i
=]
|
w
wr
T
]
ot
[
5]
H
1
H
1]
H
I
o
o

A b

End of Report

In=struments 1 71072015 12:42:01 PM Lamxman Pags 4 of 4
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Relative Abundance

354.1075
C1gH19Og Na

Mass Spectrum for Compound 41
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OCH,3
Chemical Formula: C,5H,7NOgS

Exact Mass: 501.1457
Molecular Weight: 501.5500

524.1352
C25 H27 OgNNa s

477.1341
387.0526 4ss.1522 CU0CT L 501.1452 540.1082

C13H2004NNa3 S, Co2HzsOsNas ~ 22 27 =3 7%0 G Hy OgNS || CaoHae O2Nag S
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NL:

7.49E6
BW-5-27-Gem2-
product_Orbi+ES#1-9
RT:0.01-0.09 AV:9T:
FTMS + c ESIFull ms
[200.00-1000.00]

NL:

7.07E5

C25H27 NOg S:
C25H27 N1 0g Sy
pa Chrg 1

NL:

7.07E5

C25 H27 NOg S +H:
C25H28 N1 0g S
pa Chrg 1

NL:

7.07E5

C25 Hz7 NOg S +Na:
C25H27N1OgS1Nay
pa Chrg 1



'H NMR (500 MHz, CDCls) of Compound 43
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3C NMR (500 MHz, CDCI;) of Compound 43
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HPLC trace of Compound 43

Data File C:\CHEM32\1\DATA\LAXMAN\II-135-Y-RUN1.D

Sample Name: LD-IT-135-Y- Blankl

Acqg. Operator Laxman

Acg. Instrument Instrument 1 Location -
Injection Date 11/14/2012 12:51:23 BPM

Acg. Method C:\CHEM32\1\METHODS\MASTERMETHOD .M

Last changed
Analysis Method
Last changed

Sample Info

11/14/2012 12:27:15 PM by Laxman
C:\CHEM32%\ 1 \DATA\LAXMANATT-135-Y-RUN1.D\DA .M
11/14/2012 1:41:39 PM by Laxman

(MASTERMETHOD. M)

10% ACN in Water

DAD1 A, Sig=254 4 Ref=off (LAXMAN\I-135-Y-RUN1 D)
mAU &
400 ]
300
200 ‘
[=2] =2}
T
o @ |~ >
0 z e D L T T
.
5 10 15 20 25 30 35 mir
DAD1 B, Sig=254,16 Ref=off (LAXMAN\II-135-Y-RUN1.D)
mAU &
400
3004 ‘
200
] =]
1 o ® \=
A — id A (. -
- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25 30 35 mir
DAD1 C, Sig=210,8 Ref=off (LAXMANI-135-Y-RUN1.D)
mAU 4 ©
1000
8004
600 ‘
4004
N o ['s} <]
200 282 8 8 % | o
] e e i o= E
0ot L DR, —
———
5 10 15 20 25 30 35 mir
Instrument 1 11/14/2012 2:22:04 PM Laxman Page 1 of 5
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Data File C:\CHEM32\1\DATA\LAXMANA\II-135-Y-RUNL.D
Sample Name: LD-ITI-135-Y- Blankl

DAD1 D, Sig=230,16 Ref=off (LAXMAN\II-135-Y-RUN1.D)

6

mAU

[=:]
(=1
o

=}
(=1
o

) 4
=] (=1
o o
P I IR BRI AR A

o

7.819
119.203

|
5

20

min|

5 15
DAD1E, Sig=280,16 Ref=off (LAXMAN\I-135-Y-RUN1.D)

mAU 2

500 :
400

300 ‘
200

100 & “

el |

0 — AR Al

5 10 15

25

DAD1F, Sig=280,16 Ref=off (LAXMAN\II-135-Y-RUN1.D)

mAU
500

400
300
200

100

1 $13:983

T T
5 10 15

20

25

DAD1 G, Sig=300,16 Ref=off (LAXMAN!I-135-Y-RUN1.D)

500
400
300
200
100

0

|
J

1 F13983

T
5] 10 15

25

mir|

DAD1 H, Sig=320,16 Ref=off (LAXMAN\II-135-Y-RUN1.D)

6

mAU
500
400
300
200

100

25

Instrument 1 11/14/2012 2:22:04 PM Laxman
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Data File C:\CHEM32\1\DATA\LAXMANMNII-135-Y-RUN1.D
Sample Name: LD-IT-135-Y- Blankl

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADl A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
- |- |- [ |- I
1 9.574 VB 0.0884 12.42534 2.05785 0.3582
2 13.063 BV 0.0886 36.53085 6.21524 1.0531
3 13.292 vB 0.0823 13.20063 2.39415 0.3805
4 16.912 BV 0.1250 32.23994 3.79975 0.9294
5 17.126 VB 0.1146 3354.70923 462.85483 96.7093
6 17.819 BB 0.1066 13.03892 1.79827 0.3759
7 19.858 BB 0.0861 6.71396 1.22175 0.1935
Totals : 3468.85887 480.34183
Signal 2: DAD]1 B, Sig=254,16 Ref=off
Peak RetTime Type Width LArea Height Area
# [min] [min] [mAU*s] [mAU] %
- |- |- [ |- I
1 9.459 BV 0.0768 14.51984 2.87982 0.3841
2 9.574 VB 0.0887 10.97569 1.81098 0.2904
3 13.063 BV 0.0884 39.76277 6.77752 1.0519
4 13.292 VB 0.0819 13.63¢666 2.48918 0.3608
5 1le6.912 BV 0.1249 35.15076 4.1453¢6 0.9299
6 17.126 VB 0.1145 3651.35840 503.87845 96.5989
7 17.819 BB 0.1055 14.51247 2.02653 0.3839
Totals : 3779.91658 524.00784
Signal 3: DAD1l C, Sig=210,8 Ref=off
Peak RetTime Type Width Area Height LArea
¥ [min] [min] [mAU*s] [mAU] %
- | === [ === | === | === I
1 7.743 BB 0.1630 14.03030 1.23105 0.1463
2 8.333 BB 0.1290 35.60196 3.81120 0.3712
3 870 BB 0.1127 31.62539 4.06788 0.3298
4 10.002 BB 0.1266 20.58630 2.29664 0.2147
Instrument 1 11/14/2012 2:22:04 PM Laxman Page 3 of 5
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Data File C:\CHEM32\1\DATA\LAXMANYII-135-Y-RUNL.D
LD-II-135-Y- Blankl

Sample Name:

Peak RetTime Type

# [min]

Totals

Signal 4:

Peak RetTime Type

.126 VB
.818 BB

DAD1 D,

# [min]

Totals

Signal 5: DADL E,

Peak RetTime Type

# [min]
1 13.063 BV
2 13.2983 VB
3 17.126 VB
Totals

Signal 6: DADL F,

Peak RetTime Type

# [min]

Width Area
[min] [mAU*=]

0

0.0929 118.07655
0.1031 44,22927
0.2122 41.45767
0.1304 92.42262
0
0

L1167 9135.98730 12

.1249 47.52321

8589.76493 1

Sig=230,16 Ref=off

Width Area
[min] [mAU*s]

0

0.0929 92.58957
0.1024 34.48166
0.1145 €759.72949
0.1088 31.060898
0.1156 8.97487

6934.33694

Sig=280, 16 Ref=off

Width Area
[min] [mAU*s]
0.0883 35.15522
0.0801 15.65592

0.1145 4019.610€0

4070.42174

Sig=280,16 Ref=off

Width Area
[min] [mAU*s]

.0883 35.15522
.0801 15.65592
.1145 4019.61060
.1008 19.51952

Instrument 1 11/14/2012 2:22:04 PM Laxman

Height Area
[mAU] %
1.54954 0.0858
18.90557 1.2313
6.06295 0.46l2
3.09574 0.4323
10.3244¢ 0.9638

257.78174 95.2681
5.38835 0.4956

314.51514

Height Lrea
[mAU] %
1.39710 0.1082
14.82736 1.3352
4.76518 0.4973

$32.89081 97.4820
4.07915 0.4479
1.1690¢6 0.1294

959.128¢66

Height LArea
[mAU] %
6.00424 0.8637
2.94128 0.3846

554.99536 98.7517

563.94088

Height Area
[mAU] %

6.00424 0.859¢6

.94128 0.3828
.99536  98.2804
.96627 0.4773

458
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Data File C:\CHEM32\1\DATA\LAXMANAIT-135-Y-RUN1.D
Sample Name: LD-II-135-Y- Blankl

Peak RetTime Type Width Area Height Area

# [min] [min] [mMAU*s] [mAU] %
-l | === [ === | === | === I
Totals : 4089.94126 566.90715

Signal 7: DADL G, Sig=300,16 Ref=0off

Peak RetTime Type Width Area Height Brea
¥ [min] [min] [mAU*s] [mAU] %

.1146 4588.46826 63
.0978 22.08729

Totals : 4722.32075 ©53.81e73

Signal 8: DADL H, Sig=320,16 Ref=o0ff

Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %

.0881 30.74878 5.26413 0.6958

0

13.293 vB 0.0793 20.63757 3.92874 0.4670
0
0

Totals : 4419.06489 611.36313

.1147 4350.68311 599.46283 98.4526
.0972 16.99543 2.70743 0.3846

**% End of Report ***

Instrument 1 11/14/2012 2:22:04 PM Laxman
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LD Il 35 Y FS Cr_+ES 450 RT 043 AV 1 N 224E7
T: FTMS +p ESI Full ms [155.00-1000.00]

Relative Abundance

3 ImlllII$IIII$IIII$IIII$IIII$

E EI:.I B Eﬁ g $IIIIEIIIII%IIIllgllIlalqllllgllllalllllllll
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3011071
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T A
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200

250
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338.1125

IT02931
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Mass Spectrum of Compound 43

4801083
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| ,."" 'Nx

\ s

Chemical Formula: CyzHysNO-S
Exact Mass: 457 120
Molecular Weight: 457 496
458.1269
4960523
9372072
S35 8384163 | 9532014
441.2975 =233 6041819 634505 T0S6SIT 722444 870.3852 / 9HI1H
rrrrrrrrrrfirrrrerrprrrrrrrrrrrrrrrirrrrirrrrrTTTTTrog

450 500 550 00 830 700 750 500 850 200 250 1000

460



'H NMR (500 MHz, CDCls) of Compound 44
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3C NMR (500 MHz, CDCI;) of Compound 44
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HPLC trace of compound 44

Data File C:\Chem32\1l\Data\Blake\CA4 Monothio pTLC5.D
Sample Name: CA4 Monothio pTLCS

Acg. Operator SYSTEM
Sample Operator : SYSTEM
Acg. Instrument : 1200 HPLC Location : 1
Injection Date : 7/8/2016 4:47:42 PM
Inj Volume : No inj
Bcg. Method : C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
Last changed : 4/30/2014 1:53:57 BM by ERICAP
Analysis Method : C:\CHEM32\1\METHODS\RT-ACNWASH 2.M
Last changed : 7/9/2015 2:27:22 PM by Blake
Method Info : General Column Wash Method

Additional Info : Peak(s) manually integrated

DAD1 A, Sig=254,4 Ref=off (Blake\CA4 Monothio pTLC5.D)

mAU ©
200
1503 “
100 ‘
50—: =
] 3 o =
0 | o A =)
I e L SR
————
5 10 15 20 25
DAD1 C, Sig=210.8 Ref=aff (Blake\CA4 Monathio pTLC5.D)
mAU—; &
500
500 ‘|
400 |
300 M
200
E - o @
100 238 2 g &
1 - : vl\ =1 3
04 A N @ Al o ‘
E by by t 1 1 T
—_— Y
5 10 15 20 25
DAD1 E, Sig=280,16 Ref=off (Blake\CA4 Monothio pTLC5.D)
mAU ] ©
250
200 “
150 |
100 M
50 o & 2
] 8@ :H
03 o R Rt
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25
DAD1 G, 51g=300, 16 Ref=off (BIake\CA4 Moncthio pTLC5.0)
mAUE @
250 |
200 ‘
150 ‘
100 M
50 a8 2
E @ o <
0= AR RAu
- .
5 10 15 20 25
1200 HPLC 11/28/2016 6:21:53 PM SYSTEM Page 1 of 3
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Data File C:\Chem32\1\Data\Blake\CA4 Monothio pTLC5.D
Sample Name: CA4 Monothio pTLCS5

DAD1 H, Sig=320,16 Ref=off (Blake\CA4 Monothio pTLC5.D)
mAU - 8
250 %
200 “
150 |
100 ‘
:
0 8 5|
v e A
T i T . —T T T T
5 15 20 25 mil
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADL R, Sig=254,4 Ref=off
Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] [mAU] %
e R |- R |- !
1 2.130 BB 0.0777 5.62220 1.06346 0.2320
2 3.552 BB 0.0820 18.60733 3.50377 0.7677
3 14.174 BV 0.1472 13.58555 1.40050 0.5605
4 14.62¢ VB 0.1481 2385.85034 248.38174 98.4398
Totals 2423.66542 254,34947
Signal 2: DADl C, Sig=210,8 Ref=off
Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] [mAU] %
e R |- R |- !
1 2.136¢ BB 0.0801 28.96852 5.26916 0.4191
2 2.924 BB 0.0764 14.33322 2.96729 0.2074
3 3.552 BB 0.0816 36.36889 88614 0.5262
4 14.174 BV 0.1490 31.27967 17406 0.4525
5 14.626 VB 0.1481 6678.81738 694.79736 96.6230
6 20.070 BB 0.1771 53.05204 4,.58050 0.7675
7 24.929 BB 0.1923 69.42081 5.53725 1.0043
Totals 6€912.24055 723.21177
1200 HPLC 11/28/2016 6:21:53 PM SYSTEM Page 2 of 3
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Data File C:\Chem32\1\Data\Blake\CA4 Monothio pTLC5.D
Sample Name: CA4 Mcnothio pTLCS

Signal 3: DADl E, Sig=280,1l¢ Ref=off

Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] [mAU] %
e L R | === | ——mmmm !
1 2.923 BB 0.0811 6.66962 1.23359 0.2272
2 3.552 BB 0.0819 49.89929 9.39798 1.7000
3 14.174 BV 0.1489 19.37604 2.00204 0.6601
4 14.62¢ VB 0.1481 2859.24146 297.65536 97.412¢
Totals : 2935.18641 310.28898

Signal 4: DADl G, Sig=300,le¢ Ref=off

Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] [mAU] %
e L R | === | ——mmmm !
1 2.923 BB 0.0843 7.20654 1.26827 0.2164
2 3.552 BB 0.0820 91.39571 17.19951 2.7441
3 14.174 BV 0.1448 36.30665 3.82295 1.0901
4 14.62¢ VB 0.1481 3195.77393 332.57687 95.9495

Totals : 3330.68283 354.8676l

Signal 5: DADl H, Sig=320,le¢ Ref=off

Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] [mAU] %
e L R | === | ——mmmm !
1 3.552 BB 0.0820 96.86775 18.21322 3.0557
2 14.174 BV 0.1463 49.83819 5.27211 1.5721
3 14.626 VB 0.1482 3023.37158 314.28720 95.3722
Totals : 3170.07752 337.77254

**% End of Report **%*

1200 HPLC 11/28/2016¢ 6:21:53 PM SYSTEM Page 3 of 3
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Mass Spectrum of Compound 44

CAdmonomety_130415122841 AM52013122842 PM BWHH101-42
CAdmonomethyl 130415122841 45 AT 004 AV: 1 N 380E7
T: FIMS + p ESI Fuil ms [100.00-1000.00]
4721428
1005
203
a0
=
E 803
é = 287 1858
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'H NMR (500 MHz, CDCls) of Compound 45
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3C NMR (500 MHz, CDCI;) of Compound 45
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Data Fils

Sample Name:

HPLC trace of Compound 45

C:\CHEM32\1\DATA\MATT MAC\MTM-V-30000028.D

runl

kcg. Operator

Rcg. Instrument Location : -

Injection Date

~: \CHEM32

1 \METHOD3\MASTERMETHOD . M
Last changed : 10/2/2012 10:46:48 BM by Matt Mac

Lcg. Method

(modified after loading)

Enalysis Method : C:\CHEM3Z%1\DATA\MATT MACAMTM-V-30000028.D\DA.M (MASTERMETHOD.M)
Last changsd 12:02:27 PM by Matt Mac
Sample Info

*DAD1 A, Sig=254 4 Ref=off (MATT MAC\MTM-V-30000028.D - MATT MACIMTM-V-30000027.0)

469

mAU ] =
1000 4
8004
600
400
4 e o
200 8 5 8 |
] = ¥ 0=
0] - - B — V\.---L-——- -~ -
-——¥F——F—r 7 F—T [T . —
5 10 15 20 25 30 35 miry
*DAD1 C, Sig=210,8 Ref=off (MATT MAC\MTM-V-30000028.D - MATT MAC\MTM-V-30000027.0)
mAlU -
] i
2000 4 @
] E
1500
1000
500 2 3 g
] =} « I J
] 2 3 =
D_ . i Lo H
-—rF——— 77— [———————— T —
5 10 15 20 25 30 35 miry
*DAD1 D, Sig=230,16 Ref=oif (MATT MAC\MTM-V-30000028.0 - MATT MAC\WMTM-V-30000027.0)
mAU =z
1750
1500
1250
1000
750
=1} [ L8
o 2 5 &
=0 e T vl
0 - — _um AUy e S — .
-—rF————— 77— [————————— T —
5 10 15 20 25 30 35 miry
Instrument 1 10/2/2 :06:56 PM Matt Mac Page of 4




Data File

Sample Name:

C:\CHEM3241\DATA\MATT MREC\MTM-

runl

Vv—aU

oooo0zZBe.D

470

*DAD1 E, Sig=280,16 Ref=off (MATT MAC\MTM-V-30000028.D - MATT MAC\MTM-V-30000027.D)
mAL _: [: 1]
1200 3
1000 4
SWE
600 7
o 5 8
200 < 5
(I il E— l-L.—J-H—-—— -
e s L L ) E L L
5 10 15 20 25 30 35 min
*DAD1 G, Sig=300,16 Ref=off (MATT MAC\MTM-V-30000028.D - MATT MAC\MTM-\-30000027.D)
mAL o «©
1400 3
1200 4
1mm§
800 3
500% @
4003 P £ 3
200 n ; = |
o S N
e s L L ) E L L
5 10 15 20 25 30 35 min
*DAD1 H, Sig=320,16 Ref=off (MATT MAC\MTM-V-30000028.D - MATT MACIMTM-\V-30000027.0)
mAU 3 ©
1200 3
1000 4
800
600 o 2
4004 " © =
E 2 > 8 |
2005 u Tk
o3 LI S - —
L s L L L ) H L L
5 10 15 20 25 30 35 min
Erea Percent Report
Sorted By H Signal
Multiplier 1.0000
Dilution : 1.0000
Use Multip Dilution Factor with ISTDs
Signal 1: DADLl A, 3ig=254,4 Ref=cff
3ignal has been modified after loading from rawdata file!
Peak RetTime Type Width Lrea Height Lrea
¥ [min] [min] mAU*s] [maU] £
—_———)—-——_-—-.—-.-—- - - | -——_-—- ) —_——_-— - — — | ——_——_-—-.-—- - - | —F—_——_——————ee | ——_——_——_——_——. — |
1 10 2.6634
2 14.81 2.1427
3 17. 3.3441
4 18. 91.8498
Instrument 1 10/2/201Z2 12:06:5& PM Matt Mac Dage of



Data File C

Sample Name: runl

Signal 2: DAD1 C, Sig=210,8 Ref=off

Peak RetTims Type Width Lrea
# [min] [min] [maU*s]
il Bttt | === === | ===
1 10.509 BB 0.09%02 406.20374
2 14.517 vB 0.1015 576.01318
3 17.284 BB 0.0972 398.39267
4 18.71% vB 0.1204 1.716l3e4
Totals 1.85419=4
Signal 3: DAD1 D, Sig=230,16 Ref=off

Peak RetTims Type Width Lrea
¥ [min] [min] [mAU*s]
il Bttt | === === | ===
1 10.50% BB 0.0%03 520.65814
2 14.917 vV 0.1123 508.84177
3 17.284 BB 0.0%68 331.46124
4 18.71% wvB 0.1037 1.40835=4
Totals 1.54444e4
Signal 4: DAD]1 E, Sig=280,16 Ref=off

Peak RetTime Type Width Lrea
¥ [min] [min] [mAU*s]
=== === |==== === | ===
1 10.50% BB 0.0903 548.82764
2 14.517 vv 0.1077 271.%01el
3 17.283 EB 0.0581 258.45758
4 18.718 vB 0.0984 5243.209%¢6
Totals 1.032Z24e4

:\CHEM32\1\DATA\MATT MAC\MTM-V-3000002

Peak RetTims Type Width Lrea

¥ [min] [min] [mAU*s]
il Bttt | === === | === I
Totals

Instrument 1 10/2/201Z2 12:06:56 PM Matt Mac

Height
[m2U] %

7754.56824 1229.14007

3ignal has been modified after loading from rawdata file!

Height Lrea
[m2aT] %
_________ [====———1
69.44135 2.1507
84.57472 3.1066
€1.78E56 2.148¢
22€5.77734 92.5541

2481.57897

Signal has been modified after loading from rawdata file!

Height Lrea
[m2U] %
_________ |========]
88.9344¢ 3.3712
65.7692¢6 3.2947
51.71173 2.1462
2114.41040 91.1880

2320.82585

Signal has been modified after loading from rawdata file!

Height Lrea

[maU] k]

93.68%50 5.3168

37.0178% 2.6341

39.62364 2.5038
1448.80347 89.5452
1el%.134591

Page 3
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Data File C:\CHEM32\1\DATA\MATT MAC\MTM-V-30000028.D

Sample Name: runl

Signal 5: DAD1 G, Sig=300,16 Ref=off

8ignal has been modified after loading from rawdata file!

Peak RetTime Type Width Rrea Height Lrea
E: [min] [min] [mAU*=] [mRU] %
il Bt Aetttnl e [ === | === === I
10.50% BB 0.05%03 1010.28589 172.4567% 8.9110
2 14.917 BV 0.0%66 208.5551%9 32.6123% 1.8385
2 17.284 BB 0.0285 178.25317 27.185%¢ 1.5722
4 18.718 VB 0.0987 9940.42480 1551.60608 87.6772
Totals : 1.13375e4 1783.86122

Signal &: DAD1l H, Sig=320,16 Ref=off

3ignal has been modified after loading from rawdata file!

Peak RetTims Type Width Lrea Height Lrea
E [min] [min] [mRU*s] [m2U] B
il et Bl Bttt | === | === === I
10.509 BB 0.0%03 1076.80786 183.838%% 10.2507
2 14.%1e BV 0.0991 138.73483 21.0028¢6 1.3207
2 17.284 BB 0.09%93 104.35675 15.7532%9 0.9534
4 18.71l8 VB 0.0%84 9184.83105 143%.67126 B87.435Z2
Totals : 1.05047=4 1é660.26641

#%% End of Report ***

Instrument 1 10/2/2012 12:06:56 PM Matt Mac Page 4 of 4
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X-Ray Crystallography Data for Compound 45

—
- \</\
\ 03, 7\

473



Tahle 1. Crystal data and structure rafinement for kpél.

Idenfification cods
Empirical formmla
Formula weight
Temperyhms
Wavelengrth

Crystal system
Space sroup

Uit cell dimensions

Crystal size

Theta range for data collection
Index ranges

Feflacons collected
Independent refloctdons
Complet=ness to thel = 1§ 267
Absopiion cormection
Refinement mathed
Diama | restraints | parameters
oodness-of-ft on F2
Fimal B indicas [T=2zizma(T)]
F indires (all dafa)

Largest diff. peak and bole

474

kpdl
CISHITNOTS
485.54

1KY K

0.71073 &
Triclinic

P

a=80805(T) A
b= 12.0606(10) A
c=14.0112{12) A
1208 84(18) A*

a= 100.514(5".
p=104.240(5)°.
y= 108.180(5)".

y
-

1.334 Mg/m!

0.179 mmr!

512

031 %028 =01] mm*

2.06 1o 25.45°.

-Be=h==10, -1 5=k==15, -16=F=1T
13373

4351 [Biimt) = 0.0427]

075 %

Semi-empirical from eguivalenis
0.9802 and 09453

Full-matrix least-squares on F*
4851 /0313

1.028

Rl =00457, wB2 =0.1101

Rl =00771, wB2 =0.1377
0.158 and -0.218 2. 4



Table 2. Atomic coordinates | % 107) and equivalent isotropic displacement paramseters (A*x 105
far kpdl. Uleq) is defined as one third of the mace of the orthopomalized T tensor.

% ¥ z Tlieg)
51} 041 51101 1330¢1) G1{1)
Ol Q75(3) 1548(2) 5920 112¢1)
o) BE(3) 30440 -1374(1) LT
O3] JOCE() T038(1) J08201) 52(1)
Q) T261(2) B749(1) 4833(1) G510
Q) ~264a(2) 1365(2) 1585(1) ™
o) -1425(2) 10440¢1) 211470 T
Ly 1682(2) JBGE(1Y EtC Y] G5¢10
(1) Q39(3) 33512 =80T T30
(1) 038(3) 4518(2) A0 G0(1)
) 124204) 3513(3) =222 201
(3} 332004) BG39(2) 280020 201
() 3809(3) 63T 12750%) 331
O(5) F164(3) T3B3(2) 2234 55¢10
(&) TI46(3) TS 2332(H LY ]
€7 4644(4) S528(1) 13300%) e
C(E) 4284(3) T234(0) 3785(1) 45(1)
i) 29(3) B2A84(0) 4725(T) 4371
(1 4434(3) B30(2) 324802) 55¢10
(11 1758(3) BOBS(2) FA36CX) 55¢10
L® )] 1602(3) TAL) 43130 4371
o3 M3 R ) 35910 471
14 063 G402 4103(T) G110
{15 -1583(3) S628(2) IGZBC) (1)
(14 -1551(3) 433702 e 50¢170
(1T -3142(3) 32090 25790 57
(18 -3120(3) 1368(2) 2196(T) 55¢10
(1 -1484(3) I175(2) 243201 321
M 127(3) 3153(2) 3083(%) 511
213 B5(3) 4253(32) 328900 521
C2L B460(3) B565(2) SRR T3
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can 53924 1422(3) 1509(2) 89(1)
oo -1556(5) 636(3) 1080(2) 98(1)
9 3340(3) 381102 3954(2) 65(1)
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Table 3. Bond lengths [A] and angles [7] for kpél.

S{1)-C) 1.899(2)
S{1)-CH) 1.072)
O 1.2153)
O 1.12N3)
O(3)-C1E) 1.387(2)
O(3-C(3) 1.462(2)
O-C09) 1.362(2)
OM-C0T) 1.430(3)
O(5)-C(LE) 1.374(3)
05003 1.413{3)
006019 1.380(2)
O8-C04) 14053)
OC7-Cm 1.369%2)
O(THC025) 141%3)
N(1-C(L) 1.438(3)
CLHCEY) 1.334(3)
C)HC3) 1.393(3)
C3)-CH) 1.358(3)
CH-C3) 1.510(3)
C{SHC 1.511¢3)
C(3)-CiE) 1.528(3)
C(8)-C13) 1.358(3)
C{B-C() 1.399(3)
C{o-CI) 1.383(3)
C{LO-C{LT) 13783)
LTI 1388(3)
LT 1.397(3)
CLD-C{Le L476(3)
LTS 1.33%3)
C{LE-C(LE) L470(3)
C{LE-C(LT) 1.388(3)
C{LR-CT) 1.395(3)
C{LTHC(LE) 1.3803)
C{LB-C(18) 1.386(3)
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{1900
Ca0-on)

C{1)-S(-C(H)
C{EFO()-C(3)
CN-OE-CY)
C{18-0(3)-Ci23)
C{19-0(5)-C24)
Cam-O(7-Ci23)
OC-H-OCT)
O(-NCI-COT)
OC-NI)-CIT)
CRHCIND
CHC(N)-5(1)
N(D-C(1)H5(1)
C{L)-C-C(3)
CH-CaA-C)
CE3-CHE-C(3)
C{IHC4-5(1)
C{5)-ClH)-5(1)
OE-C(3)-CH)
OE)-C(5)-C(T)
C{N-CELT
O(3)-C(5)-C )
C{N-CE-C(6)
C{T-C(5)-C(8)
C{13)-C{B)HO(3)
C{13)-C{B)-C(=
OC-C(E-CH
O(-CEHCOm)
O-C()-CIE)
C{10-C{9)-C(E)
CN-C10-C )
CLO-C11-C(LY)
CN-C{1D-C3)
CN-C(1D-C(4)

478

1.398(3)
1.380(3)

90.52(11)
120.04(14)
117.76(18)

117.7(2)
115.77(18)

117.19(15)

124.00)
11740
11%.602)
125.502)
114.02(19)
120.41(17)
110.802)
113.70)
120 002)
110.89(18)
119 84(15)
106.26(15)
113 24(15)
111.87(19)
104 83(18)
109 046(18)
111.10(19)
1211517
120.55(18)

118.14(18)
124.00(19)
116.78(18)
11830

120.4(3)

122.11(19)
116.73(19)
120.37(19)



C{3-CI-C14) 122.79(19)

C{EHCOI3)-C01) 121.85(19)
C{15)-C(14)-CD 131.802)
C{14)-C15)-C(16) 132.1(2)
C{LTIC(E-CaT) 118.51(19)
CITHCE-C5 115.41(19)
CRD-C(18)-C(15) 123.0(2)
C{E-CA TS 1213(2)
O(SHC{IEHC(T) 124.602)
OCF-C(18)-C(19) 115.2(2)
CT-C(E)-C19 120.2(2)
O(S-C{19-C418) 121.8(2)
O(§-C{19)-C020) 115.84(19)
C{1EH-C15)-C00) 119.0(2)
O(M-C0-CT) 124 03(19)
O(THCL0-C19) 115.48(18)
CRIMCROMC(19) 120.48(19)
CLRM-CRIMC(1E) 120.5(0)

Symmeny ransformations nsed to pensrate squivalent atems:
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Table 4. Anisotropic displacement parameters (A*x 10°) for kpSl. The anisotropic
displacement facior exponsnt fakes the form: -2e3 b2 a* i+ . +2bhEka*b* U]

'U'.I 'Lr.ll UH 'L"_I T_]'.J- Ull

(1) 801 50(1) 48(1) 2141} (1) 3N
o) 148() L) 90(2) 13(1) 16(1) 35(1)

o) 85(1) 116(2) 58(1) 30 11{1) 37N
o) (1) 57(1) 48(1) 18(1) 35(1) 331
0(4) 54(D) 66{1) 85(1) 8(1) 12(1) 18(1)
0(5) 36(1) U1 B6(1) 8(1) 11{1) 13(1)

O(6) 84(1) 48(1) (1) 17(1) M) ()
o 55(1) SI{1) B9(1) 1) 14(1) I
N(l) 75(2) 842 S0(1) 1(1) n) IK1)
ol wilw)) 60(2) 47(1) 15(1) 35(1) 31
C2) 10243 Q8(2) 251 29(1) 30(1) 41(2)
(3} 1112 T62) (1) 36(1) Q) 36{2)
() 851 81{1) 53{1) (1) 321 31
" ) 851 S S1(1) 121} 3313 35(1)
C(g) 67(2) Q62 98(2) 342) 44(2) 352
o e202) 361 18(2) 30(1) A1) M
C(E) 570 121 46(1) 15(1) 2113 35(1)
o) 35(1) H1) 34{1) 17(1) 15(1) (0
Lo 1) B S0 46(1) B(1) 15(1) 31
oy B 53(1) 531 191} 34(1) 3NN
(1) 0(1) 46(1) 58(1) 13(1) 28(1) (1)
c13) 54 42(1) 471) 13(1) 15¢1) 31(1)
c14) 68(2) 60(1) 18(2) 25(1) Bl IND
c(1%) 35(1) 841) 1a(2) 28(1) 120 3D
cle R 33(1) 58(1) (1) M) 35(1)
(17 5201) 68(1) Ga(1) 30(1) n) 26(1)
cus R %1 53(1) 20(1) 15(1) 15(1)
19 62(2) 48(1) 3¥{1) 2(1) 20(1) WD
con B S0 58(1) 7(1) 23(1) 331
C2n (1) 48(1) S01) 23(1) 18(1) 171
21 68(2) (1) 13(2) 14(1) 1(1) 1(1)
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con 0 10802) 102(2) H2) rle) 19(3)
c24) 13043) {2 912 23(2) &0(2) 46{2)
cEsn B6(1) 572 25(1) 1) )
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Mass Spectrum of Compound 45

CAXcalibur \WTM-V-30_130210195851 2M0/2013 75851 PM MTM-V-30
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NADPH Cytochrome P450 Oxidoreductase Cleavage Assay
HPLC Conditions:

Solvent: 55% Acetonitrile/water isocratic; detection wavelength: 300 nm; flow rate: 1 mL/min.

Chromatogram of 100 uM CA-4
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Chromatogram of 100 pM KGP370
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Chromatogram of KGP370 in buffer (+ 0.1% Triton X-100) for 90 min
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Chromatogram of POR-Treated KGP370 for 90 min
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Chromatogram of KGP371 in buffer for 90 min (Control)
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Chromatogram of 100 uM KGP372
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Chromatogram of POR-Treated KGP372 for 90 min
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Chromatogram of KGP440 in buffer (approx 50 uM, + 0.1% Triton X-100) for 90 min
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Chromatogram of 100 uM KGP441
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Chromatogram of POR-Treated KGP441 for 90 min
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Chromatogram of KGP442 in buffer (+ 0.1% Triton X-100) for 90 min
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Chromatogram of 100 pM KGP443
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Chromatogram of POR-Treated KGP443 for 90 min
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Chromatogram of KGP444 in buffer (+ 0.1% Triton X-100) for 90 min

- 8 KGP444
E °7 20.413 min
c
(=]
S 6+
3
£ 44 xcpao0
@ 3.571 min
Q
&
a 21
[
Q
a
5 10 15 20 25

Time (min)

Chromatogram of POR-Treated KGP444 for 90 min

€ 101 KGP444
c 20.452 min
3
o
5 KGP400
E 3.572 min
- O+
o
(5]
&
a
.
o)
?
2 0
) 10 15 20 25

Time (min)

496



Chromatogram of 100 pM KGP445
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Chromatogram of POR-Treated KGP445 for 90 min

KGP445
e 20- 20.634 min
o
o
S 154
=~
©
£ 104
)
0
=
S 57
o
®
< 0
10 20 30 40
Time (min)

Chromatogram of 100 uM KGP446

KGP446
e 401 27.148 min
c
Qo
3 30-
-
®
£ 204
oh]
Q
c
8 10-
S
w
O
< 0-
10 20 30

Time (min)

498



Chromatogram of KGP446 in buffer (+ 0.1% Triton X-100) for 90 min
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Chromatogram of 50 uM KGP454
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Chromatogram of POR-Treated KGP454 for 90 min
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Chromatogram of 100 uM KGP456
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Chromatogram of POR-Treated KGP456 for 90 min
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Chromatogram of POR-Treated KGP457 for 90 min
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Chromatogram of POR-Treated KGP461 for 90 min
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APPENDIX C

Synthesis of KGP18, KGP18 Bioreductively Activatable Prodrug Conjugates, OXi6196
Bioreductively Activatable Prodrug Conjugates, and the Nitroimidazole Trigger
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NMR, HPLC, HRMS Data:
Compound 4
Compound 5
Compound 6
Compound 7
Compound 10
Compound 11
Compound 13
Compound 15
Compound 23
Compound 24
Compound 26
Compound 32
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'H NMR (500 MHz, CDClI;) of Compound 4
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3C NMR (500 MHz, CDCls) of Compound 4
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'H NMR (500 MHz, CDCls) of Compound 5
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3¢ NMR (500 MHz, CDCl3) of Compound 5

o © o —
& S & NN ® — © M
< © " o n o e N ©° RN ©
Q 4 3 a9 9 E 5 2 IRR
[ (. N
o]
HEo
OCH3

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)

512

L 40

35

30

-25

20

15

10




'H NMR (500 MHz, CDCls) of Compound 6
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'H NMR (500 MHz, CDCls) of Compound 7
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3¢ NMR (500 MHz, CDCl3) of Compound 7
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3C NMR (500 MHz, CDCl3) of Compound 10
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'H NMR (500 MHz, CDCls) of Compound 11

400

350

~300

250

200

150

100

50

¥6'T

€9

€€9 /.
SE'9~=
05'9 ~
98’9 7
£5°9 .\.

om.w\
L9

SCH,

H:C O

Hyoo

Heoor

oH

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

5.0 4.5

5.5
f1 (ppm)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.5

519



3C NMR (500 MHz, CDCl3) of Compound 11
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R (500 MHz, CDCls3) of Compound 13
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Data File C:\Chem32\1\

HPLC trace of compound 13

Data\ZHE\ZS IV 39 200021.D

Sample Name: zs TV 39 2

Acqg. Operator
Acg. Instrument
Injection Date
Acqg. Methed
Last changed
Analysis Method
Last changed

Zhe

Instrument 1

5/25/2016 12:24:32 PM
:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M

5/25/2016 12:22:35 PM by Zhe

C:\Chem32\1\Methods\DEF_LC.M

6/22/2014 3:13:01 PM by SYSTEM

Location : -

Sample Info zs IV 39 2

KGP 293
normethylnitroimidazole-KGP18
GRAD 2 50-90 ACN

20160525

DAD1 A, Sig=254 4 Ref=0ff (ZHE\ZS_IV_39_200021.D)
mAU 5
400 %
300 |
200 |‘
100 < ‘\ 3 25
] g2 || & & &
0{7 - 'm."t“ﬁ =T
- T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25 mi
DAD1 C, Sig=210,8 Ref=off (ZHEZS_|V_39_200021.D)
mAU S
800 %
600 ||
400 ‘\
ool (=] — wn
WE @ g5 o= ¢ 2 || 8 & & g 8
3 b ~ o~ “n N d \ - © < S b1
0 'T wn" ‘m‘ m lhI \m‘ 0 B S . I—N‘ L
e e ——— ‘ —
5 10 15 20 25 mi
DAD1 E, Sig=280,16 Ref=off (ZHE\ZS_IV_39_200021.D)
mAU s
250 %
200 |
150 |
100 \
50 ‘\ 8 2
2 3
0 _ _ _ _ BT B G S 8 S
T [T ‘ —
5 15 20 25 mi
DAD1 G, Sig=300,16 Ref=off (ZHE\ZS_IV_39_200021.D)
mAU ] [~
1504 %
100 |
50 M
0] i
] L
—— ] —— ‘ —
5 10 15 20 25 mi
1200 HPLC 10/12/2016 4:24:08 PM SYSTEM Page of 3
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Data File C:\Chem32\1\Data\ZHE\ZS IV 39 200021.D
Sample Name: zs IV 39 2

DADT H, Sig=320,16 Ref=off (ZHE\ZS_IV_39_200021.D)
mAU P
175 >
150 %
125 |
100 ‘
75 |
50 |
25 \
0 I
.25 P
T " T 1 " T T " " T UR " " T l T " T T " T
5 10 15 20 25 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADl1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* 3] [mAU] %

e e R |- |-=--—— !
1 9.364 BB 0.1481 10.64091 1.10784 2329
2 10.737 BB 0.1424 4483.29248 482.44608 98.1181
3 11.998 BV 0.1491 26.45956 2.77848 5791
4 13.518 BB 0.1802 33.95763 2.82481 0.7432
5 14.637 BB 0.1623 14.9292 1.40135 0.3267

Totals 4569.27982 490.5585¢

Signal 2: DADl C, Sig=210,8 Ref=off

Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU* 3] [mAU] %

I B [ | == | =—mm [ |
1 0.051 BB 0.1066 41.25443 5.68900 0.4048
2 1.159 BB 0.0634 40.82954 9.26910 0.4006
3 1.395 BV 0.0595 6.40275 1.64135 0.0628
4 1.480 VB 0.0833 6.22000 1.01708 0.0610
5 2.783 BB 0.0793 6.71858 1.32192 0.0659
6 3.747 BV 0.0903 14.63146 2.42814 0.1436
7 5.322 w 0.1091 11.23704 1.53974 0.1103
8 5.515 v 0.1104 16.14544 2.18027 0.1584
9 7.246 BB 0.1306 58.77359 6.68359 0.5767
10 9.365 BB 0.1478 27.24051 2.89495 0.2673
11 10.737 BB 0.1425 9707.28418 1044.03503 95.2494
12 11.998 BB 0.1428 53.50554 5.95838 0.5250
13 13.51%9 BV R 0.2067 103.9184¢ 7.27487 1.0197
14 14.636¢ BB 0.1658 36.459%¢64 3.38211 0.3577

1200 HPLC 10/12/2016 4:24:08 PM SYSTEM

Page
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Data File C:\Chem32\1\Data\ZHE\ZS IV 39 200021.D
Sample Name: zs_ IV _39 2

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R R [======e- [=======-== | === !
15 20.031 BB 0.1974 20.63031 1.56853 0.2024
le 24.935 BB 0.2022 40.18402 3.04033 0.3943
Totals 1.01914e4 1099.92441
Signal 3: DADl E, Sig=280,16 Ref=off
Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mAU*s] [mAU] %
R R R [ = e [ = |~ !
. 10.737 BB 0.1426 2938.32471 315.77563 99.1208
11.998 BB 0.1370 9.60916 1.11037 0.324z2
13.519% BB 0.1767 16.45451 1.38398 0.5551
Totals 2964.38837 318.26998
Signal 4: DADl G, S5ig=300,16 Ref=off
Peak RetTime Type Width LArea Height Area
# [min] [min] [mAU*s] [mAU] %

1 10.737 BB 0.1420 2133.3747¢6

2133.3747¢

Signal 5: DADIL H,

5ig=320,16 Ref=off

Width LArea

[MAU*=]

Peak RetTime Type
# [min]

230.35779 100.0000

230.35779
Height Area
[mAU] %

1 10.737 BB 0.1420 2049.19653

2049.19653

221.43524 100.0000

221.43524

**% End of Report ***
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Relative Abundance

Mass Spectrum of Compound 13
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3C NMR (500 MHz, CDCl3) of Compound 15
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HPLC trace of compound 15

Data File C:\Chem32\1\Data\ZHE\ZS IV 38 200008.D
e: z

s IV 38 2

Acg. Operator
Acg. Instrument
Injection Date
Acqg. Method

Last changed
Analysis Method
Last changed
Sample Info

zhe

Instrument 1

5/5/2016 12:03:07 PM
C:\CHEM32\ 1\METHODS \GRAD 2
5/5/2016 11:51:25 BM by zhe
C:\Chem32\1\Methods\DEF_LC.M
6/22/2014 3:13:01 PM by SYSTEM
zs IV 38 2

KGPl8-monomethyl nitroimidazole

Location

50-90 ACN.M

GRAD2

ACN

50-90

DAD1 A, Sig=254 4 Ref=off (ZHE\ZS_IV_38_200008 D)
[e2]
%
200 ‘| © ©
1004 8 8 R 2 kS
E - - o ~® I‘ o o
3 — oo @ — o~
03 % 222, W< &
-
5 15 20 25 mi
DAD1 C, Sig=210,8 Ref=off (ZHEZS_|_38_200008.D)
| D
%
3 Eﬁ goQ  © &gm gg “‘—1 g o ‘| 8 %
200 @ R 5B/ ARl E 3G - <
od T N ¢ ¥ wene MO S oo L o o
b T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25 mi
DAD1 E. Sig=280,16 Ref=off (ZHE\ZS_|V_38_200008 D)
mAU_E %
400 ﬂf
300 ||
200 “
100 = ~
| g2 g8 sg || 8 2
1 |8 o = ~ @ | o S
o L fAg  E8 T 8,
-
5 10 15 20 25 mi
DAD1 G, Sig=300,16 Ref=off (ZHE\ZS_|V_38_200008.D)
mAU 3 4
300 h
250 %T
200 ||
150
100 H
0] 5388 sz || 8
- QO M~ [N
9] =™ o & | k =
e S 2
-————
5 10 15 20 25 mi
1200 HPLC 10/12/2016 4:24:50 PM SYSTEM Page
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Data File C:\Chem32\1\Data\ZHE\ZS IV 38 200008.D
Sample Name: zs IV 38 2

DAD1 H, Sig=320,16 Ref=cff (ZHE\ZS_IV_38_200008.D)
mAU %
250 W
200 H
150
100 ||
50 S
888 2 T 8 \‘ 3
o] 2583 = 5  Jlo
e e VT
—— T —— —— A B T
5 10 15 20 25 mi
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADl1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

e R |-=-=m-- |--mmm---- |- |
1 1.133 BB 0.0924 9.27913 1.45485 0.1268
2 2.100 BV 0.0580 6.46301 1.7132¢ 0.0883
3 8.051 BB 0.1354 10.94999 1.23606 0.1496
4 8.731 BB 0.1383 34.64928 3.87737 0.4734
5 9.352 BB 0.1515 49.93105 5.04203 0.6822
6 11.499 BB 0.1455 7137.88574 760.50507 97.5271
7 12.498 BB 0.1480 44,34357 4.62010 0.6059
8 20.956 BB 0.2606 25.37336 1.60384 0.3467

Totals : 7318.87514 780.05257

Signal 2: DADl1 C, Sig=210,8 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* =] [mAU] %

e R |-=-=m-- |--mmm---- |- |
1 1.126 BV R 0.0926 92.780895 14.90394 0.5555
2 2.099 BV 0.0776 15.72043 2.88344 0.0941
3 2.360 VB 0.0651 6.67961 1.58807 0.0400
4 2.700 BB 0.0674 16.12425 3.66159 0.0965
5 3.578 BB 0.1048 17.86118 2.51697 0.1069
6 4.195 vv 0.0911 17.36708 2.84933 0.1040
7 4,395 Vv 0.1013 13.71676 2.07060 0.0821
8 5.134 BV 0.0937 18.59568 3.02740 0.1113
9 5.286 VB 0.0980 10.6747¢6 1.68193 0.0639
10 5.722 BV 0.1337 21.27279 2.18244 0.1274
11 5.860 VB 0.1106 18.20321 2.45211 0.1090

1200 HPLC 10/12/2016 4:24:50 PM SYSTEM Page 2 of
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Data File C:\Chem32\1\Data\ZHE\ZS IV 38 200008.D

-

Sample Name: zs IV 38 2

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e R R [======mmm- [======mmm- | === !
12 6.292 BB 0.1253 12.25700 1.46969 0.0734
13 7.806 BV 0.1349 45.46371 4.96068 0.2722
14 8.03¢ VB 0.1438 62.68792 6.53912 0.3753
15 8.731 BB 0.1395 95.28065 10.33574 0.5705
16 9.352 BV R 0.1601 143.08829 13.67217 0.8567
17 9.992 VB E 0.2375 25.20261 1.45927 0.1509
18 11.499 BV 0.1467 1.59298e4 1679.45557 95.3770
19 12.499 vB 0.1524 120.06548 12.03571 0.7189
20 24.158 BB 0.1875 19.08722 1.55162 0.1143

Totals : 1.67019e4 1771.29737

Signal 3: DADl E, Sig=280,1l6¢ Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R |==mmmmmm e |==mmmmmmms | —mmmmms !
1 1.133 BV 0.1311 14.51148 1.55142 0.3013
2 1.308 VB 0.0633 5.32972 1.26033 0.1107
3 2.100 BB 0.0581 8.321e6l 2.20213 0.1728
4 2.699 BB 0.0667 5.14825 1.18580 0.1069
5 4,388 BB 0.0913 6.79379 1.17842 0.1411
3 5.135 BB 0.08390 6.983759 1.25374 0.1450
7 8.730 BB 0.1429 25.02971 2.68118 0.5198
8 9.353 BB 0.1535 30.43494 3.07315 0.6320
9 11.499 BB 0.1455 4662.06055 496.67212 96.8104
10 2.500 BB 0.1472 33.89988 3.55608 0.7040
11 20.952 BB 0.2655 17.14649 1.06684 0.3561
Totals : 4815.66021 515.68121
Signal 4: DADl G, Sig=300,16 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R R | === | === !
1 1.131 BV 0.1201 8.26240 1.00280 0.2495
2 1.5%4 BV 0.0739 8.13209 1.53150 0.2456
3 2.100 BV R 0.0677 18.48183 4.01500 0.5582
4 2.699 BB 0.0678 12.69180 2.85899 0.3833
5 8.730 BB 0.144¢ 12.71276 31774 0.3839
6 9.360 BB 0.1499 15.29412 1.56715 0.4619
7 11.499 BB 0.1455 3213.04224 342.37991 97.0399
8 12.501 BB 0.1462 22.43438 2.374¢66 0.6776
Totals : 3311.05162 357.04775
1200 HPLC 10/12/201€¢ 4:24:50 PM SYSTEM Page 3 of 4
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Data File C:\Chem32\1\Data\ZHE\ZS_IV_38 200008.D
Sample Name: zs_ IV _38_ 2

Signal 5: DAD1 H, Sig=320,16 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R R R | === | == !
1 1.595 BV 0.0682 12.10355 2.60457 0.3776
2 2.100 BV R 0.0740 21.38257 4.15635 0.6671
3 2.698 BB 0.0675 19.07925 4.31986 0.5952
4 3.585 BB 0.084z2 7.96521 1.40347 0.2485
5 8.041 VB 0.1351 10.68806 1.20914 0.3335
] 9.369 BB 0.1389 13.34004 1.45553 0.4162
7 11.499 BB 0.1454 3099.98291 330.50562 96.7151
8 12.501 BB 0.1465 20.73283 2.18975 0.6468
Totals : 3205.27442 347.84428
*** End of Report ***
1200 HPLC 10/12/2016 4:24:50 PM SYSTEM Page 4 of 4
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BW_7_35_+Orbi_ESI#1 RT: 0.00 AV: 1
T: FTMS + p ESIFull ms [100.00-800.00]

NL: 6.22E7

Mass Spectrum of Compound 15
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HPLC trace of Compound 23

Data File C:\Chem32\1\Data\ZHE\ZS III 10600047.D
el z

Sample Nam s_TIT_106

Acg. Operator : zhe
Instrument 1
6/13/2016 4:53:29 PM

Acg. Instrument
Injection Date
Acg. Method
Last changed
Analysis Method
Last changed

4/30/2014 1:53:57 AM by ERICAP
C:\Chem32\1\Methods\DEF LC.M
6/22/2014 3:13:01 PM by SYSTEM
zs III 10e

GRAD 2 50-90 ACN

checking for 0Xi6l96

20160613

Sample Info

Location

C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M

DAD1 A, Sig=254.4 Ref=off (ZHE\ZS_II_10600047.D)
mAU 3
E &

1405 '
1205 T

100 3

14.543

741,146

146.010
. | }9.683
o

=

5

25

mi

5
DAD1 C, Sig=210,8 Ref=off (ZHE\ZS_|II_10600047.D)

3

|

3

P

c
|

400
300
200

o,
o

100

913
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470

=
-

o

J_A'E;_L_A_zﬁ

o
0
~

T
10

mi

DAD1 E, Sig=280,16 Ref=off (ZHE\ZS_III_10600047 D)
mAU %
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B o o
o o o
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o o o
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25
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Data File C:\Chem32\1\Data\ZHE\ZS III 10600047.D

Sample Name: zs_ III 106

DAD1 H, Sig=320,16 Ref=off (ZHE\ZS_|II_10600047.D)
mAU $
60 "“
40 ‘
20 ‘
0 |
] ﬂ
2 0 JL S
. . T . — . . T — . . T T T
5 10 15 20 25 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADL A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*s] [mAU] %
] R [=====mmmm- [=======-== | =======- !
1 1.14¢ BV 0.1225 14.50789 1.65133 0.9533
2 6.010 BV 0.141e 10.73883 1.12269 0.7056
3 7.345 BB 0.1304 1463.31226¢ 170.11348 96.1542
4 9.683 BB 0.1668 18.27984 1.55920 1.2012
5 14.543 BB 0.1627 15.00034 1.40349 0.9857
Totals 1521.83916 175.8501%9
Signal 2: DAD1 C, Sig=210,8 Ref=off
Peak RetTime Type Width Lrea Height LArea
# [min] [min] [mAU*s] [mAU] %
] R [=====mmmm- [=======-== | =======- !
1 1.129 BB 0.1194 114.46228 13.99465 2.4845
2 1.470 BB 0.1120 9.27811 1.08261 0.2014
3 3.017 BV 0.1llc6 19.83439 2.44635 0.4305
4 3.214 v 0.1009 19.9508¢8 2.87203 0.4321
5 3.750 VB 0.119%e6 9.08917 1.15818 0.1973
[ 4.958 BB 0.1201 24.10078 2.98917 0.5231
7 5.993 BV 0.1532 29.46825 2.88322 0.63%¢6
8 6.288 VB 0.1122 17.46011 2.41898 0.3790
9 7.345 BB 0.1320 4174.38184 477.42743 90.6098
10 7.908 BB 0.1058 8.32523 1.24921 0.1807
11 8.607 BV 0.1375 42.01498 4.64822 0.9120
12 9.055 VB 0.1989 19.14094 1.3222 0.4155
13 9.681 BB 0.2065 65.06004 4.25249 1.4122
14 14.542 BB 0.1595 36.76067 3.53028 0.7979
1200 HPLC 10/12/2016 4:25:57 PM SYSTEM Page 2 of 3
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Data File C:\Chem32\1\Data\ZHE\ZS_III 10600047.D
Sample Name: zs_III 106

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s5] [mAU]
e R |====mmmmms | === s -
15 23.035 BB 0.2213 17.70357 1.19172
Totals : 4606.98903 523.46678

Signal 3: DADL E, Sig=280,16 Ref=off

Peak RetTime Type Width Area Height
# [min] [min] [mAU*=] [mAU]
N L R [ |- -
1 1.151 BV 0.1316 11.28998 1.12047
2 7.345 BB 0.1298 1163.81067 136.00249
3 607 BB 0.1309 13.15300 1.55119
4 14.543 BB 0.1610 14.05339 1.33285
Totals : 1202.30703 140.00700

Signal 4: DADl G, S5ig=300,16¢ Ref=off

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAU]

1 7.345 BB 0.1330 899.99927 101.95317
2 8.606 BB 0.1332 10.29763 1.21165

Totals : 910.29690 103.16482

Signal 5: DAD]1 H, Sig=320,16 Ref=off

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAU]

Area

0.3843

Area

2
5

98.8688
1.1312

1 7.345 BB 0.1334 852.90222 96.21187 100.0000

Totals : 852.90222 96.21187

**% End of Report ***

1200 HPLC 10/12/2016 4:25:57 PM SYSTEM
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Mass Spectrum of Compound 23

Relative Abundance
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3C NMR (500 MHz, CDCl3) of Compound 24
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HPLC trace of Compound 24

Data File C:\Chem32\1\Data\ZHE\ZS_IV_40000050.D

Samp

le Name: zs_TV_40

Acqg. Operator
Acg. Instrument
Injection Date
Acqg. Method
Last changed
Analysis Method
Last changed
Sample Info

Additional Info

zhe
Instrument 1 Location : -
6/14/2016 1:13:14 PM
C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
4/30/2014 1:53:57 AM by ERICAP
C:\Chem32\1\Methods\DEF_LC.M

6/22/2014 3:13:01 PM by SYSTEM

zs_TIV_40

GRAD 2 50-90 ACN

checking for 0Xi€l9¢

20160613

Peak(s) manually integrated

DAD1 A, Sig=254,4 Ref=off (ZHE\ZS_|V_40000050.D)

mAU 2
150
125
100 |
75
50 “
[sr]
25 3 |8
P >
o =2
e — ‘ :
5 15 20 25 mi
DAD1 C, Sig=210.8 Ref=off (ZHE\ZS_IV_40000050 D)
mAU 2
500 3
400 T
300 “
200 ‘
100 8 ‘|§
e >
© HP_
0 2 SSRTN B VS - _
——————— T T ] ‘ .
5 10 15 20 25 mi
DAD1 E, Sig=280,16 Ref=off (ZHE\ZS_|V_40000050.D)
mAU 2
120
100
80
80 “
40 ‘
20 “ ‘|g
w0 w
0 N [lo
o I\IF
-20 — S — - _
————— ] ‘ ,
5 10 15 20 25 mi
DAD1 G, Sig=300,16 Ref=off (ZHE\ZS_|V_40000050.D)
mAU J g
30 ‘
60 T
E ‘I
20 “
E 3 |
0: & I
1 © |\
20— — —e L e~
: . — . — . .
5 10 15 20 25 mi
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Data File C:\Chem32\1\Data\zZHE\ZS_IV_40000050.D
Sample Name: zs_ IV 40

DAD1 H, 5ig=320, 16 Ref=off (ZHE\ZS_I'V_40000050.0)
mAU ] =2
60
404 “
20 ‘
04 ‘|
1 I
204 A
-
5 10 15 20 25

Sorted By Signal
Multiplier : 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADl1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
] B s L I B | === !
1 254 BV 0.1762 56.55766 4,84522 3.0398
2 0.049 v R 0.1395 1766.42224 195.27231 94,9382
3 593 VB 0.1461 37.62222 3.91615 2.0220
Totals : 1860.60212 204.03367

Signal 2: DADl C, Sig=210,8 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
] B s L I B | === !
1 8.255 BV 0.1761 145.61433 12.47793 2.820
2 10.049 v R 0.1392 4952.49658 545 05 95 8
3 10.594 VB 0.1448 ©4.99823 6.84419 1.2
Totals : 5163.10915 565.02318
Signal 3: DADl E, Sig=280,16 Ref=0ff
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
] B s L I B | === !
1 8.255 BV 0.1770 38.75599 3.30042 2.6811
2 10.049 v R 0.1393 1377.3421¢ 152.55774 95.2831
3 593 VB 0.1411 29.42853 3.20475 2.0358
1200 HPLC 10/12/2016¢ 4:19:33 PM SYSTEM Page 2 of 3
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Data File C:\Chem32\1\Data\ZHE\ZS IV _40000050.D
Sample Name: zs_IV_40

Peak RetTime Type Width Area Height Area

# [min] [min] [MAU*s5] [mAU] %
e R |-=--mm--m- |-====—m—-- |-=---=-- !
Totals : 1445.52668 159.06291

Signal 4: DADl G, Sig=300,16 Ref=off

Peak RetTime Type Width LArea Height LArea
# [min] [min] [mAU*s] [mAU] %
] R [=====mmmm- [=======-== | =======- !
1 8.254 BB 0.1619 13.44318 1.26573 1.3209

2 10.04%9 VB R 0.1397 1004.31458 110.8119%2 98.6791

Totals : 1017.75776 112.0776€5

Signal 5: DAD1 H, Sig=320,16 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 10.049 VB R 0.1390 967.01086¢ 106.53122 100.0000

Totals : 967.01086 106.53122

**% End of Report ***

1200 HPLC 10/12/2016 4:19:33 PM SYSTEM Page 3 of 3
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HPLC trace of compound 26

Data File C:\Chem32\1l\Data\Blake\BW7 0xi6l96 Gem RC.D
Sample Name: BW7 0xi6l9%6 Gem RC

Acg. Operator SYSTEM
Sample Operator SYSTEM
Acg. Instrument 1200 HPLC Location : 21

Injection Date

Acg. Method
Last changed
Rnalysis Method
Last changed
Additional Info

10/16/2016 3:00:59 EM

Inj Volume : No inj
C:\CHEM32\1\METHODS\GRAD 2 50-90 ACN.M
4/30/2014 1:53:57 BM by ERICAP
C:\Chem32\1\Methods\MASTERMETHODZ .M
12/2/2015 12:37:42 BM by Eric Lin
Peak(s) manually integrated

DAD1 A, Sig=254 .4 Ref=off (Blake\BW7 Ox6156 Gem RC D)
mAU e
2000 %
1750
1500 ‘
1250
1000
750 |
500 oww o @© g“ o © o % %
250 s s R ool & 5 2 o
0 QNI & 8 @) g s = =
L S —— :
5 10 15 20 25 m
DAD1 C, Sig=210,8 Ref=off (Blake BW7 Oxi6196 Gem RC.D)
mAUé g
20003 ‘T
15003
1000
7 - o< -
500 %wg%ﬁ 2| 99 e B 28 § &8
] TR O A I~ Cl | &3 o0 g —obl @ ]
0] — TpAHEOr s s Q) L ® omen = mRt v s
L L L L . :
5 10 15 20 25 i
DADT E, Sig=280, 16 Ref=off (Blake'BW7 Oxi6196 Gem RC.D)
mAU ]
1400 %
1200
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800
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400 ‘ - o~ I~ o
] =2 8 282lzss & 88 &
200 FErn 8 8- 83 8 5 24 >
o S .S L - W - B o T =
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1200 HPLC 10/16/2016 3:54:20 PM SYSTEM Page
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Data File C:\Chem32\1\Data\Blake\BWJ] Oxi€l1%6 Gem RC.D
Sample Name: BW7 0xiel%6 Gem RC

DAD1 H, Sig=320,16 Ref=off (Blake\BW7 Oxi6196 Gem RC.D)
mAU 7 ]
100 %
%i
60 H
40 ‘
20 | o
1 @
0 > @l 3 8
1 Eal o | @ =4
-203 ) ol | b A
&z . .
— —— — —— — —
5 10 15 20 25
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADLl A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*s] [mAU] %
] R R [=======-== | ========- !
1 2.150 BB 0.0810 21.74414 4.02976 0.1085
2 2.526 BV 0.0819 19.27%¢6 3.63409 0.0962
3 2.918 VB 0.0798 21.06863 3.9799%¢6 0.1051
4 4.310 BB 0.1394 21.16036 2.10329 0.1056
5 5.728 BB 0.14865 43.51273 4.21120 0.2171
5 6.618 BB 0.1185 96.37733 12.70104 0.4808
7 7.04¢ BB 0.1352 1.94107e4 2237.72778 96.8423
8 9.382 BB 0.1269 12.60544 1.58271 0.0629
9 10.761 BB 0.1691 31.43010 2.75466 0.1568
10 11.961 BB 0.1444 18.62211 2.04165 0.0929
11 12.667 BB 0.1665 156.38867 14.42549 0.7802
12 19.562 BB 0.1651 190.73715 17.78152 0.9516
Totals : 2.00436e4 2306.97316
Signal 2: DADl C, Sig=210,8 Ref=cff
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*s] [mAU] %
N L R [ |- |~ !
1 1.544 BB 0.0636 12.17599 2.98181 0.0321
2 1.731 BV 0.0634 74.16545 18.27028 0.1954
3 1.883 VB 0.0662 147.86836 34.35511 0.3895
4 2.14¢ BV 0.0880 469.05283 76.04569 1.2356
5 2.346 VB 0.0708 12.12536 2.67804 0.0319
5 2.530 BB 0.0784 109.76604 21.94122 0.2892
7 2.749 BV 0.0872 49.36267 8.56939 0.1300
1200 HPLC 10/16/2016 3:54:20 PM SYSTEM Page
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Data File C:\Chem32\1\Data\Blake\BW7 0xi6l96 Gem RC.D
Sample Name: BW7 0xi6l9%6 Gem RC

Peak RetTime Type Width Brea Height Rrea
# [min] [min] [mAU*s] [mAU] %
e R |- [ = | = !
8 2.918 VB 0.0797 37.39708 7.07094 0.0985
9 3.344 VB 0.1003 50.03474 7.26759 0.1318
10 3.745 BB 0.1276 11.3%088 1.51767 0.0300
11 4.309 BV 0.1319 54.41442 5.99596 0.1433
12 4.659 VvV 0.1250 12.91497 1.55343 0.0340
13 4.804 VB 0.1211 12.79491 1.57006 0.0337
14 5.442 BV 0.1321 29.21450 3.33666 0.0770
15 5.728 VB 0.1613 83.36116 7.18853 0.2196
16 6.618 BB 0.1176 301.4444¢ 40.14783 0.7941
17 7.047 BV 0.2078 3.49715e4 2688.12720 92.1243
18 7.902 vV 0.2100 123.94389 8.12347 0.3265
19 8.496 VB 0.le6l 59.22626 5.15211 0.1560
20 9.381 BV 0.1367 42.00155 4.76997 0.1106
21 9.626 VV 0.1518 15.92287 1.63308 0.0419
22 9.986 VB 0.1470 13.82489 1.479%41 0.0364
23 10.76l BV 0.1798 95.38769 7.63518 0.2513
24 11.962 BB 0.1793 119.56042 9.87117 0.3150
25 12.414 BV 0.1328 32.26881 3.80966 0.0850
26 12.667 VB 0.1623 431.83203 41.20753 1.1376
27 13.498 BB 0.2967 52.24476 2.39301 0.1376
28 19.121 BB 0.1545 17.16413 1.74938 0.0452
29 19.562 BB 0.1660 518.84137 48.05563 1.3668
Totals : 3.79612e4 3064.49704
Signal 3: DAD]1 E, Sig=280,16 Ref=off
Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mAU*s] [mAU] %
e R [====]======- [======mmm- [======mmm- |===mmm !
1 1.544 VB 0.2223 27.49159 1.55504 0.1911
2 1.883 BB 0.0647 6.14138 1.47195 0.0427
3 2.147 BV 0.0939 28.73404 4.30289 0.1998
4 2.524 VB 0.0820 13.30602 2.50370 0.0925
5 2.752 BV 0.0903 13.37504 2.21877 0.0930
6 2.919 VB 0.0811 38.50901 7.12371 0.2677
7 4.308 BB 0.1187 19.31515 2.43219 0.1343
8 5.903 BB 0.2518 26.66931 1.4830¢ 0.1854
9 6.619 BV 0.1197 33.90186 4.41026 0.2357
10 7.046 VV 0.1336 1.3817%e4 1618.53064 96.0746
11 7.904 vV 0.2148 34.61695 2.20964 0.2407
12 8.497 VB 0.1676 16.42806 1.41371 0.1142
13 9.382 BB 0.1276 8.51581 1.06148 0.0592
14 10.76l1 BB 0.1588 20.12291 1.91218 0.1399
15 11.962 BB 0.1412 10.03933 1.11330 0.0698
le 12.667 BB 0.leee 108.24971 9.97465 0.7527
17 19.562 BB 0.1648 159.14778 14.8823¢ 1.1065
Totals : 1.43825e4 1678.59953
1200 HPLC 10/16/2016 3:54:20 PM SYSTEM Page 3 of 4
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Data File C:\Chem32\1\Data\Blake\BW7 Oxi6196 Gem RC.D
Sample Name: BW7 0xiel9%6 Gem RC

Signal 4: DAD]1 G, Sig=300,16 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R R R | === | == !
1 1.544 BB 0.0961 7.62694 1.11139 0.1032
2 2.522 BB 0.0811 6.80067 1.29880 0.0921
3 2.753 BV 0.0872 15.37116 2.66771 0.2081
4 2.919 VB 0.0799 57.42009 10.82305 0.7773
5 6.618 BB 0.1181 37.8807¢ 5.01658 0.5128
] 7.046 BB 0.1286 7099.83594 839.95410 96.1135
7 11.5963 BB 0.l681 18.23425 1.63518 0.2468
8 12.667 BB 0.1566 35.85839 3.58817 0.4854
9 19.562 BB 0.1642 107.8977¢ 10.13504 1.4607
Totals : 7386.925%96 876.23401

Signal 5: DAD1 H, S$ig=320,16 Ref=off

Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mAU*s] [mAU] %

e R [====]======- [======mmm- [======mmm- |===mmm !
1 2.753 BV 0.0860 11.72718 2.07270 0.7518
2 2.919 VB 0.0793 89.52174 17.04667 5.7388
3 6.618 BB 0.1185 33.24532 4.38226 2.1312
4 7.046 BB 0.1309 1310.35754 154.51758 84.0011
5 11.%¢4 BB 0.1634 11.01170 1.02408 0.7059
& 19.562 BB 0.1639 104.06503 9.79913 6.6711

Totals : 1559.92852 188.84243

*** End of Report ***

1200 HPLC 10/16/2016 3:54:20 PM SYSTEM Page 4 of 4
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'H NMR (500 MHz, CDCls) of Compound 32
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3¢ NMR (500 MHz, CDCl3) of Compound 32
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