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Abstract:

Tris(hydroxymethyl)aminomethane (THAM) was a readily-available and
financially economical amino-triol that was viewed as having a large untapped potential
as a starting material. The full chemoselective functionalization and differentiation of the
amino group and the three primary alcohol residues present in THAM was extensively
investigated. The development of this methodology allowed for the rapid assembly of a
differentiated core that lead to existing and new potential drug scaffolds, both based on

symmetrical and non-symmetrical molecules.

The discovery of a novel oxidative fragmentation and rearrangement process was
made leading to the synthesis of differentiated oxazolidinone rings. This process allowed
for the creation of novel chemical library situated around THAM-based oxazolidinones,

as well as THAM-based 1,3-dioxanes.

THAM was also used as a starting material for sphingosine analogs, including
sphingosine 1-phosphate (S1P) and anticancer S1K inhibitors. Selective functionalization
of the amine and one alcohol within an oxazolidinone ring allowed access to a new family
of Linezolid-type oxazolidinones as well. Additionally, various triazole-based compounds
were prepared, including oxazolidinone triazoles, which allowed access to a new family

of potential antifungal agents based on the lead compound Fluconazole.
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A total synthesis of the immunosuppressant molecule FTY720 was also reported,
employing double Wittig-olefination protocol, from THAM. This synthesis avoided
certain pitfalls that were present in previously documented literature methods. Along the
pathway to FTY720, many intermediates and analogs were synthesized and tested for
biological activity alongside the novel oxazolidinone compounds, resulting in interesting
lead compounds for various biological applications. A UV-active FTY720 scaffold was
also synthesized for potential future in vivo tracking of the immunosuppressant and its

metabolites.
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Introduction:

Background and Overview of THAM:

Tris(hydroxymethyl)aminomethane (THAM, Figure 1) is a densely functionalized
amino triol that is readily available in high purity on a commercial scale and is relatively
inexpensive. Also known as TRIS, although THAM is mainly used as a component
within aqueous buffers, it has also been used for the following: in the synthesis of
medications such as FTY720, Antrimycin D,, and (+)-lactacystin; as a starting material
for antihistamines; a central building block for ligands used for coordination in inorganic
polymers; a central core unit for dendrimer construction; a component in inorganic
catalysis; as a direct treatment for acidosis in acute lung injury; and as a starting material
in the synthesis of 5-hydroxy-1,3-dioxanes.® > THAM’s versatility for many different
types of synthetic uses stems from its scaffold that is highly functionalized with a primary

amine and three primary alcohol functional groups.

NH,

HO%OH

OH

Figure 1 — Structure of THAM

While this dense functionalization is potentially useful, we considered that the
actual utility of THAM as a building block would be greatly enhanced if methods for the

functionalization and rapid differentiation of these individual functional groups could be
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developed. We envisioned that these differentially protected THAM derivatives would
allow access to a range of useful intermediates. As an example, amine protection
followed by differentiation of the three hydroxyl groups of the triol would open a branch
point for the synthesis of linear, non-symmetrical building blocks. The chemoselective
differentiation via a protective cyclization of the molecule involving only one of the three
hydroxyl residues and the amino group could prove highly strategic, allowing the
synthesis of 4,4’-substituted oxazolidinone targets (Figure 2). A substituted oxazolidinone
ring would hold the benefit of protecting an alcohol and the amine concurrently, thus
removing their reactivity for chemistry to be performed on the remaining two primary
alcohol branches; these alcohols, either one or both, would require subsequent
chemoselective differentiation. Other possibilities include differentiation of the functional
groups, followed by enantiomeric resolution, to open access to chiral asymmetric building

blocks from THAM.

Figure 2 — 4,4 -substituted 2-oxazolidinone ring

Overall, the differentiation of the reactive primary amine and hydroxyl groups
would be the key to unlocking the potential of THAM as a core building block for the

synthesis of a wide range of synthons. We felt that this area was significantly
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underdeveloped, and investigation into methods to achieve differential functionalization
would allow rapid access to useful, densely functionalized synthons. The core objective
and challenge in this Thesis is the development of synthetic methodology that will allow
the rapid, selective differentiation of all three alcohols of THAM, while controlling or
protecting the reactivity of the amine, in order to open access to synthetically useful
building blocks. Once achieved, the synthesis of biologically active compounds, probes,
and derivatives could be prepared with full control via the selective manipulation of the

side-chains.

Oxazolidinone Ring Synthesis:

The synthesis of 2-oxazolidinone rings has been researched extensively, with the
majority of syntheses based around reactions with 2-aminoethanol derivatives (Figure 3).
Often these amino-ethanol precursors are derived from a reduced amino acid as these
have an inherent, pre-set stereocenter and are readily commercially available. An
important difference that must be taken into account is that THAM has four nucleophilic
atoms (one amine and three alcohols); it is important to consider any syntheses used must
be controllable and only react with the amine and one alcohol, not with all three alcohols.
Finally, placement of the THAM scaffold was important, so as a result some syntheses
were not appropriate as they would form the oxazolidinone ring directly from the reagents
used, and not from THAM itself. This would place the THAM scaffold directly off the N-

atom, rather than incorporate it within the oxazolidinone ring.™
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Figure 3 — Synthesis of Oxazolidinone Rings

Most notable amongst these syntheses is the reaction of the N- and O- terminus of

the amino-alcohol with a carbonyl bearing two labile groups, such as chlorides,

chloroform anions, or alkoxides (Figure 3: A-i).**" This method has the drawback of not

only producing a large amount of non-commercially useful by-product (non-atom

economic), but in select cases using toxic and dangerous reagents, such as phosgene gas.
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Additionally, careful stoichiometric control will be needed to prevent the remaining
alcohols from reacting with the electrophilic reagent. The formation of an oxazolidinone
ring is possible directly through a reaction with ethyl chloroformate, but similar
drawbacks occur as HCI is produced in an equimolar amount, which must be scrubbed
from the reaction using a base.’® As well, other nucleophilic reactive groups cannot be
present when using the methods previously mentioned. Within the same class of reactions
to form an oxazolidinone ring was microwaving an amino-alcohol with urea and a
catalytic amount of nitromethane (A-ii)."* One of the main drawbacks of this method was
the necessity of a chemical microwave. As well, the precursor amine/alcohol must be
capable of tolerating microwave irradiation, as the nitromethane acts within the reaction
to create localized hot-spots, which could damage more sensitive molecules.

An alternate route to oxazolidinone rings can be found using inorganic reagents,
such as triphenylphosphine or sulfur (Figure 3: B-i/B-ii).??* While useful, issues with
selective functionalization of just one alcohol may be a concern with THAM.
Additionally, for the B-i example, there are some major concerns: carbon tetrachloride is
needed in equimolar amounts, which can be difficult to obtain due to its environmental
issues; and triphenylphosphine oxide is produced in equimolar amounts, which often
requires silica column chromatography to remove from the product mixture.?

Recently, it was found that using a cyclic carbonate in the presence of K,COj3
could transfer the carbonyl to an amino-alcohol (Figure 3: C-i).?> However, this method
not only required DMF as the solvent, but also an equimolar amount of carbonate, which

is synthesized through an epoxide. Bypassing the need for an amino alcohol, an N-Boc
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aziridine rearrangement directly to the oxazolidinone has been published in the literature
(Figure 3: C-ii/C-iii).?*** However, the reagents required for this rearrangement can be
difficult to obtain, such as a 3.2mm steel milling ball (C-iii), the zirconium catalyst (C-ii),
or even the aziridine itself.”? Additionally, the synthesis of an aziridine from the THAM
scaffold may not be possible, due to the remaining nucleophilic alcohols.

A carbon monoxide/oxygen mixture (neat, or in the presence of a metal catalyst)
can also produce oxazolidinones from 2-aminoethanols (Figure 3: D-i/D-ii).”"%
However, this method often requires high pressure and produces toxic by-products, or
leaves residual metal catalyst, which may be difficult to remove to a sufficient degree to
obtain FDA approval if used in pharmaceutical formulations. A more recent addition to
the literature uses diethylcarbonate as the carbonyl source, but this requires high heat
(120-125 °C), which could damage other functional groups that may be present in the
molecule.

Ideally, a novel method for oxazolidinone formation could be developed that
makes it possible to form the oxazolidinone ring from the THAM derivative during any
step within the synthetic route. Because THAM had a highly-functionalized core, the
method chosen had to be compatible with the remaining alcohols within the molecule.
Therefore, an oxazolidinone ring that was formed from non-reactive oxygen atoms and a
nitrogen atom was preferred, rather than directly from an amino-alcohol. Forming the
oxazolidinone ring from an intermediate would also hopefully eliminate side products
caused when the remaining alcohols react in an undesirable manner with the reagent. As

well, an intermediate would be easier to carry through the synthetic route than an amino-
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alcohol, further prompting the need for a new oxazolidinone formation method. If
possible, the method chosen would avoid the use of heavy-metals in the synthesis of the

oxazolidinone ring, thus making the resulting product amenable to use in vivo.

THAM-based Potential Targets and Analogs:

Initially envisioned for this project were applications for differentiated derivatives
that could be made available from THAM which might find use in diverse areas of
medicinal chemistry, either directly or as structural analogs of known biologically-active
compounds. Examples (Figure 4) of these active small molecules include: anti-tumor and
anti-angiogenesis agents related to sphingosine/S1P**; immunosuppressants related to
FTY720*; antibacterial compounds, such as Linezolid®; antifungal agents resembling
Fluconazole and Voriconazole®**"; antiparasitic lead drugs; and aromatase inhibitors. All
of these biologically active molecules mentioned, with the exception of Fluconazole and
FTY720, require the complete differentiation of all three alcohols of THAM. With the
case of Linezolid, the requisite of total differentiation of the alcohol groups goes one step
further in also requiring the inclusion of the amine and an alcohol within an
oxazolidinone ring. Because of the vast number of applications present for these drugs,

eventual testing against a plethora of biological assays for all THAM derivatives would

allow for a greater utilization of synthesized compounds.
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Figure 4 — Targets for THAM derivatives

Sphingosine/S1P:

One of the possible applications for this project is the synthesis of sphingosine
analogs using THAM as the backbone starting material (Figure 5, R = H, R' = H).
Sphingosine is a type of sphingolipid found in eukaryotic organisms as well as a select
few prokaryotic organisms and viruses.**3° Sphingolipids are one of many types of lipids
found in cells. Sphingolipids were discovered by Johann Thudichum and first reported in
1884, but their purpose within the cell was not determined for years, which is what led

Thudichum to name them after the elusive sphinx.®*° It was not until a century later, in
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1986 that it was discovered that the sphingolipids are bioactive compounds, not just
backbones for membranes. Different sphingolipids, such as sphingosine, are made by

altering the amine and head alcohol.

l:lHR
RO\/Y\/\/\/\/\/\/\/
OH

Figure 5 — Sphingolipid backbone

Sphingosine can be biotransformed into sphingosine 1-phosphate (S1P), an -O-
phosphorylated version of sphingosine, through sphingosine kinase (SphK) using ATP as
the phosphate and energy source for the reaction (Figure 6).%° This conversion is of great
biological importance as S1P can act as a cell messenger to induce angiogenesis, which is
the growth of new blood vessels.*® The cell-proliferation resulting from S1P is not limited
to blood vessels, as it can also occur in other types of bodily fluids and tissues.***° Within
the S1P receptors there are 5 subtypes, S1P;.s and each of these subtypes can lead to
different biological outcomes further downstream.*** Additionally, there are two
isoforms of SphK: SphKiland SphK2.*** SphK1 is the isoform of SphK that is
responsible for cell growth and proliferation, whereas SphK2 is thought to suppress
cellular growth to lead to apoptosis.** This process of phosphorylation can be reversed

through S1P phosphatase (S1P P) to return to the native sphingosine.®***
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NH,
\/\‘/\/013'*27 ; Cell Proliferation

Angiogenesis
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NH, S,PP
HO\/:\‘/\/C13H27
OH 0]
Sphingosine ‘\& )k
CDase CisH34
\/\‘/\/013H27 > Apoptosis
Ceramide

Figure 6 — Reaction Pathways of Sphingosine

Sphingosine is biosynthesized from ceramide, which is an N-acylated version of
sphingosine. Ceramide acts in an opposite fashion to S1P, and is known to induce
apoptosis in cells (Figure 6, see also scheme 1).*® Ceramide in humans is biosynthesized
from Palmitoyl-Coenzyme A (Palmitoyl-CoA) and the amino acid L-serine through serine
palmitoyltransferase in the endoplastic reticulum.***** In one process, a series of
biotransformations via enzymes (3-ketoshinganine reductase, dihydroceramide synthase,
and dihydroceramide desaturase) occur to biosynthesize sphingomeylin (Figure 7), which

makes up about 30% of the myelin sheath in humans. 33444547

O

R

HN™ "Cq7Hgs

@ Q\ID/O\/\‘/\/C13H27
HaN" P

OH

Figure 7 — Sphingomyelin®
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Ceramide can also be biotransformed into sphingosine by loss of its acyl group
through ceramidase (CDase), with the reverse occurring through the ceramide synthase
(CS, Figure 6).>** Overall, sphingosine is the intermediate between two competing
reactions, the formation of S1P and ceramide; if these pathways are tailored preferentially
towards one route, e.g. conversion to ceramide or inhibition of SphK, the treatment can be
used in tumour therapy with the hopes of inducing apoptosis exclusively to the tumour
cells or to limit cell growth and proliferation respectively. This potential control over the
metabolic pathway of sphingosine creates a significant amount of interest and active
research in this area as the applications for cancer treatment in the future are widespread

and essential 2%

Immunomodulators:
Myriocin:

Myriocin, also commonly known as (+)-myriocin, ISP-,1 and thermozymocidin, is
an immunosuppressant isolated from the fungus Isaria sinclairii (Figure 8).***° Myriocin
was first reported as an antifungal agent by Vézina, et al. in 1972. As a result, this
biological activity and structural complexity of meriocin makes it an interesting target to
be researched.***! Myriocin and its stereoisomers have been previously synthesized in no
fewer than 15 different ways, with most syntheses revolving around the construction of
the polar head followed by the addition of the non-polar tail. *>*® In one specific

synthesis by Jones et al., the polar head is synthesized through an oxazolidinone, which is

11
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easily accessible from THAM.®® As such, the structure of myriocin possesses the basic
THAM backbone (Figure 8, outlined in red), suggesting that some THAM derivatives
synthesized within this thesis may have activity as immunosuppressive or antifungal

agents.

NH, OH @)
HO/IMMM
HO,C p X
OH (+)-Myriocin
NH,
HO\/EY\/\/\/\/\/\/\/
OH Sphingosine

Figure 8 — Myriocin & Sphingosine®

Ceramide (Figure 6) is biosynthesized in the endoplasmic reticulum, where
palmitoyl CoA and the amino acid L-serine are combined by serine palmitoyltransferase
(SPT), using pyridoxal phosphate (PLP) as a co-factor, to give 3KDS.***’ Myriocin shares
structural similarities to sphingosine (Figure 8), with respect to its polar head and non-
polar tail.* 9% Therefore, it is not surprising that myriocin can inhibit the SPT enzyme
involved in the de novo synthesis of ceramide, preventing the formation of 3-keto-

dihydrosphingosine (3KDS), also known as 3-oxosphingosine (Scheme 1). 334°

12
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~—OH CO, NH,
Scheme 1 — Biosynthesis of 3-keto-dihydrosphingosine

Q ® SPT 0
MS,COA + HBN_VU\O@T> \MJ\:/\OH + CoA-SH
14 E 14

The mechanism behind this inhibition is straight forward: generally when L-serine
combines with PLP, the proton adjacent to the amine is lost prior to decarboxylation
(Scheme 2).*” However, myriocin can react in lieu of L-serine on PLP to give the
quaternary intermediate, which cannot undergo decarboxylation due to the lack of an

acidic proton a to the carbonyl (Figure 9).>

14

Scheme 2 — Mechanism of SPT on L-serine*’

13
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Figure 9 — Proposed binding of Myriocin with PLP*°

FTY720:

FTY720, also known as Fingolimod and commercially marketed under the
trademarked name Gilenya, is an alkyl amino diol that has shown activity as an
immunosuppressant drug for the survival of transplanted tissues, for example kidney,
liver, and heart tissues (Figure 10).3*"®® FTY720 was first synthesized in 1995 as an
analog of myriocin, but to possess a simplified structure that could be more easily
prepared.®®’® A unique aspect of FTY720 was that it has the benefit of not hindering the
body’s natural production of lymphocytes.**"®® FTY720 has also undergone clinical
trials as a Multiple Sclerosis (MS) treatment, as FTY720 can help prevent the body’s
immune system response of attack against the myelin sheath around neurons.”*’? More
recently, it has been reported that FTY720 may be useful in the treatment of NK-
leukemia. Promising results showed apoptosis with both human and rat NK-leukemic
cells after treatment with FTY720 at UM concentrations.”® While FTY720 is useful as an

immunosuppressant, its main application within this project is to synthesize lead

14
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compounds to act as S1K inhibitors or S1IP mimics, potentially altering S1P production

and/or S1P receptor modification.

NH»

OH

Figure 10 — FTY720*

There have been multiple different syntheses of FTY720 already reported in the

34697480 a5 well as syntheses of FTY720 analogs®™ 8. Most of these syntheses

literature
have revolved around the addition of the polar head group to the non-polar tail in a
divergent-style synthesis. While some syntheses revolve around a malonate-derivative
attacking an iodo-functionalized tail ®®°, there have been syntheses from THAM>*. The
most cited synthesis starting from THAM was published by Kim, et al. in 2006° (Scheme
3). Superficially, the synthesis reported by Kim, et al. may seem like an ideal synthesis,
but there are a few problems that are inherent to the route taken; for example, a
homogeneous metal catalyst is required for a cross-coupling reaction in one of the final
steps, which could be an issue later with respect to purification for medications intended
for human consumption. Additionally, while the overall yield may seem high (64%), this
relies on an 85% vyield for both the dual protection (87%) and subsequent Swern oxidation
(98%) on the neopentyl alcohol of the THAM derivative A. This step was cited by a

previous group®, but it was not repeated within the publication and the yield is fairly high

for a Swern oxidation on a such a hindered alcohol. Both protection and oxidation steps
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rely on recrystallization as the sole purification method, further casting doubt on the
reliability of an 87% and 98% yield, as recrystallization can often result in a lower yield.
Also, not discussed within the paper is the procurement of the 4-octyl-1-iodobenzene
reagent required for the synthesis, which would not be trivial to synthesize. The method
employed by Kim et al. could potentially be improved by eliminating the Sonogashira
cross-coupling reaction between the alkyne-THAM derivative and the iodophenyl species
and substituting in its place an aqueous Wittig reaction between an aldehyde-THAM
derivative and trialkyl phosphonium salt. This use of the aqueous Wittig would be an
improvement in comparison for a few reasons, with the first being that the iodophenyl
species required for the 2006 synthesis was not commercially available. Another major
drawback to this reported method is the Sonogashira reaction requires degassed DMF-
triethylamine as the solvent (instead of water), as well as a solution of KF for quenching,
both of which may be difficult to handle if the synthesis is scaled up for commercial

purposes.

16
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NH, NHBoc NHBoc NHBoc

o S

NHBoc

NHBoc
Yy 03( GMOW g 8- FTY720
(0]
D T
7 7 D

a) Boc,0, (MeO),CMe;, TsClcahy, DMF, rt, 3 h; b) 1) (COCI),, DMSO, DCM,

-78 °C, 40 mins. 2) A, -78 °C to -20°C, 55 mins. 3) Et3N, -20 °C to rt., 2 h. 85%
over both steps; (c) MeCOCH,P(O)(OMe),, TsN3, K,CO3, MeCN-MeOH (1:1),
rt, 5 h, 84%; (d) 4-octyl-1-iodobenzene, Pd(PPh3),, Cul, DMF-Et3N (4:1), rt, 3 h,

94%; (e) Hy, Pd (10% on C), benzene, rt, 5 h, 99%; (f) TFA—CH,Cl,—H,0
(2:2:1), rt, 12 h, 96%; (g) anhyd HCI, THF, rt, 3 h, 100%

Scheme 3 — Synthetic route for the synthesis of FTY720 as developed by

Kim et al .2

From the diol FTY270, modification of one of the alcohols to a phosphate ester
can be performed with the intent of synthesizing an S1P derivative and the activity
monitored (Figure 11).°”% While FTY720 can bind to S1K and therefore inhibits the
formation of S1P without being phosphorylated, after phosphorylation the inhibition
activity increases dramatically.®* Phosphorylation of FTY720 can be carried out
synthetically through the reaction of protected FTY720 with phosphorylating agents.
However, the formation of FTY720-P can also occur in vivo naturally via SphK2, the
isoform of SphK mentioned previously that is pro-apoptotic.**** Phosphorylated FTY720
binds to S1P receptors, acting as a full agonist with S1P;, and partial agonist with

S1P3,5. 2442499792 This biological activity seen on sphingosine receptors and enzymes

17
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stems from the similar backbone that phosphorylated-FTY720 (FTY720-P, e.g.
phosphate, phosphonate, vinyl phosphonate) derivatives possess with respect to S1P, with
the simple reversal of the alkyl group from the adjacent carbon being the difference
between S1P and FTY720-P (Figure 12).*°"8% Because FTY720 exhibits a high degree
of similarity to sphingosine (a phenyl ring in lieu of an alkene), but requires a
significantly less complex synthesis, investigation into FTY720/FTY720-P derivatives
would be prudent provided that any such derivatives can be achieved in a regioselective

manner.

NH, R = OH, PO3H,, OPO3H,

Rm/\/\/\/
OH

Figure 11 — Phosphorylated FTY720%°

NH,

R']

R2
Sphingosine: R' = H, R? = Alkyl
FTY720-P: R' = Alkyl, R2 = H

Figure 12 — Diagram of Sphingosine vs. FTY720 %

Separation of FTY720-P analogs has been reported in the literature using a variety

67,75,78,83,84,86,

of different methods. %94 Generally the separation is performed to resolve the

R and S enantiomers of FTY720-P as the S enantiomer is the significantly more
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biologically active enantiomer.®”# % One method for separation is conversion of FTY720
to an oxazolidinone ring, followed by separation of the two resulting enantiomers through
a chiral HPLC column. This conversion has previously been facilitated through reaction
of benzyl chloroformate with FTY720; this synthetic route requires the removal of all
protecting groups from the FTY720 precursor to render FTY720, followed by conversion
of the newly-formed FTY720 to an oxazolidinone ring (Scheme 4).” This pathway could
be expedited if there were some way to convert an FTY720 precursor directly to the
oxazolidinone ring, as opposed to the current method of removing all protecting groups to
render FTY720, followed by conversion of the amine and alcohol of FTY720 to an

oxazolidinone ring.

NH, O}L
HO a Q b, c
— HN —
OH
7

OH

a) Benzyl chloroformate, NaOH, rt, 48 h, 70%; b) 3-(diethylamino)-1,5-dihydro-2,4,3-
benzodioxaphosphepintriphenyl phosphite, tetrazole, DCM/THF, rt, 18 h; then H,0,, rt,
90 min, 80%; c) Chiralpak® AS Baseline Separation

Scheme 4 — Reported resolution of FTY720 oxazolidinone derivative®’
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Antibacterial Agents:

Linezolid:

Linezolid (Figure 13) is an antimicrobial agent that is a part of the novel class of
oxazolidinone-based antibiotics. Since its introduction, Linezolid has been found to be
useful for treatment for multiple drug resistant (MDR) strains of tuberculosis.®®*
Linezolid is used specifically against gram-positive antibiotic resistant bacteria.
Currently, the sole FDA-approved oral treatment for methicillin-resistant Staphylococcus
aureus (MRSA) skin infections is Linezolid, further illustrating the importance this
medication has.””® Linezolid is of interest to this project as it holds a similar backbone to
THAM, with respect to its functionalized oxazolidinone ring.** As mentioned previously,
if the amine and an alcohol of THAM are connected through a carbonyl, this will have
formed an oxazolidinone ring with two methylene alcohol groups at the 4-position that
are accessible for derivatization. The development of new scaffolds based on linezolid is
necessary in order to keep one-step ahead of bacteria inevitably expressing resistance
towards the Linezolid core. We envisioned that starting from a differentiated alcohol-
containing oxazolidinone, addition of a bulky group similar to the phenyl-morpholine
group can be added to closer resemble Linezolid. DuPont researchers have shown that the
morpholine is not as important as the phenyl group, but that substitution is required on the
N-terminus of the oxazolidinone ring.®** It has also been shown that the S-configuration
of Linezolid is the biologically-active isomer, however, dual substitution at the 4 site has

not been fully investigated.”>® In the case of THAM-based oxazolidinones, this synthesis
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can theoretically be directed to either enantiomer through asymmetric derivatization on

the two primary alcohols.

0
/ N\ >\\o OY
0 N—<; >—N
\ / \)\/NH
F
Figure 13 — Linezolid*%°

An analog of Linezolid that is of specific interest to this project is one containing
a triazole ring in place of an acetate group the amide site (Figure 14).)®° Different
substituents have been added to the triazole ring to alter the activity of the molecule,
offering further options of differentiation in the compound and lengthening the duration
that oxazolidinone-based antibiotics can be used prior to resistance being observed.'®*
These findings suggest that it could be advantageous to introduce a triazole ring to

specific THAM derivatives with the intent of increasing biological activity in any new

THAM-based oxazolidinone analogs.

I\ h _
O N N9 N=N
N N__

Figure 14 — Linezolid with triazole ring modification'®
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Torezolid, Radezolid, & Ranbezolid:

In an effort to fight MDR bacteria that have already developed resistance to
Linezolid, alternate drug leads are being researched that are within the same
oxazolidinone class.’%'® Two examples of these novel medications are Torezolid
(prodrug TR-701, active compound TR-700) and Radezolid (Figure 15), both of which

share a striking resemblance to Linezolid."**

(@]
N=NC N Yo NH
/ /
/ N
NN \—: ;:: { . . \)\/ \f
F OH N‘N
Torezolid Radezolld
(TR-701) O%
/~\ o) o]
N N N\)\/N
a
0,N— X F
Ranbezolid

Figure 15 — Examples of oxazolidinone class of antibiotics

Ranbezolid (Figure 15) is an oxazolidinone-based antibacterial treatment that is
structurally similar to Linezolid and others within the oxazolidinone antibiotic category.
The feature that makes Ranbezolid of exceptional interest is that it can also act as an
monoamine oxidase A (MAO-A) inhibitor.®!° MAO-A is responsible for the
deamination of biogenic amines, oxidizing them to aldehydes.**® MAO-A inhibitors have
been known for many years to be biologically active as anti-depression agents.**! This
finding suggests that future biological testing for THAM-based oxazolidinone derivatives
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as MAO-A inhibitors would be prudent, thus potentially opening an avenue into the

financially lucrative area of anti-depression medications.

Antifungal Agents:

Fluconazole:

Fluconazole is a di-triazole compound that is currently used as an anti-fungal

agent that has the versatility to be administered orally or intravenously (Figure 16).%%3"2

The nitrogen atoms in the triazole ring act to inhibit the fungal cytochrome P450 enzyme
that is accountable for the 14-o -demethylation of lanosterol by binding to the iron in the
enzyme, though the success of this drug lies in the fact that fluconazole has less of an

affinity for mammalian P450 enzymes than it does for fungal P450 enzymes. '3+

/=N OH N&\
N I \

\_N N—/
F

N

F

Figure 16 - Fluconazole?

Some resistance to Fluconazole has already emerged, prompting the need for new
sister medications to be developed and tested; this resulted in the discovery of

Voriconazole, which was marketed as an alternative to fluconazole in 2002 (Figure 17).*
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Voriconazole is structurally similar to fluconazole in that it retains one of the triazole
rings, but the other triazole ring has been substituted with a mono-fluorinated pyrimidine
ring. This design preserves the placement of nitrogen atoms in the molecule for binding to
the enzyme, while being significantly structurally unique that biological resistance
present for fluconazole is not transferrable. This class of antifungal agents will ideally be
mimicked by THAM analogs, but with a sufficient level of structural difference to avoid

issues with previously-formed drug resistance or intellectual property (IP) infringement.

Figure 17 — Voriconazol**®

Antiparasitic Agents:

Toxoplasmosis:

Toxoplasma gondii is a parasite that is responsible for toxoplasmosis, a disease
most often contracted by humans from raw/undercooked meat or from the fecal matter of

a feline, 116118

For the majority of healthy adults, the parasite does not interfere with one’s
health or cause any medical issues, with the infected host often being asymptomatic and

therefore, treatment is typically not recommended. However, the parasite can cause
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detrimental effects to a fetus or an to an immune-compromised (e.g. HIV-infected)
individual if left untreated.'*®*® The current general treatment for non-pregnant
individuals that was first suggested in 1953 is a cocktail of pyrimethamine with
sulfadiazine, with more recent regimens involving the addition of leucovorin (folinic
acid). Alternate drugs may be used for more sensitive cases, such as in the case of
pregnant women or HIV-affected individuals (figure 18).1**% Not unexpectedly,
resistance to these prescribed drugs has formed, prompting the need for new medications
for MDR strains of toxoplasmosis.*?! Specifically, a non-sulfa-drug-based approach
would be ideal as resistance to and allergies against sulfa-drugs has been occurring since
their induction into medicine in the 1930’s.**"% As such, new treatments are being
researched to eradicate the parasite from one’s system for those who have contracted a
more resistant strain or who cannot take sulfa drugs.

A predominant theme in these treatments is the use of heterocycles as main
components. A THAM-based 1,3-dioxane or oxazolidinone may also be biologically
active against toxoplasma gondii, and if so, the backbone will be of such a different

scaffold that previously-formed resistance or existing patents will likely not be a concern.
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Figure 18— Toxoplasmosis treatments

Aromatase Inhibitors:

Previous work performed by fellow group members within the McNulty group has
focused around synthesizing targets for aromatase, or cytochrome P450-19 (CPY 19A1),
which is responsible for aromatizing estrogens in vivo.****%* While estrogens are
incredibly important hormones to maintain a normal physiological lifestyle, they can also
be detrimental in the case of estrogen-positive breast cancers.*”’ These cancers are
hormone-dependant and rely on estrogens to thrive, so one treatment method is to prevent
the estrogens from binding to the tumor site. Several drugs have been developed to
prevent estrogens from binding to receptors, such as Tamoxifen (Figure 19), which is a
Selective Estrogen Receptor Modulator (SERM).'?® Resistance to Tamoxifen can also

form, prompting the need for alternate treatment options.*?’ One alternate option would
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be to prevent the biosynthesis of estrogens all together, which is the purpose of aromatase
(CPY 19A1) inhibitors.*?® Aromatase is the enzyme that catalyzes the conversion of
testosterone to estradiol, aromatizing the A ring from an a-f unsaturated ketone to a
phenol ring."** If this process is disrupted, the cancers will be starved for estrogen. One of
the goals of this project was to synthesize a novel oxazolidinone ring compound that
would ideally be similar to the compounds previously synthesized in the lab (Figure 19),

but be faster/easier to synthesize and have a higher activity for inhibiting CPY 19A1.

Tamoxifen Anti-Acetate Syn-Alcohol

Figure 19 — Tamoxifen & CYP 19A1 inhibitors developed within the McNulty Group*?*%

To conclude the introduction, THAM can readily be envisioned as a potentially
valuable starting material towards the synthesis of a broad range of biologically active
compounds in diverse therapeutic areas. These possibilities would be enhanced through
the development of synthetic methodologies that allow rapid chemoselective
differentiation on the dense amino-triol core inherent to THAM. Such processes should
allow the introduction of structural diversity in terms of functional groups that can be
added allowing us to realize the full potential of THAM. One of the primary drives of this

Thesis, therefore, was directed towards the development of methodology allowing
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selective differentiation of the alcohol residues with concurrent handling of the
nucleophilic amino group present in THAM. Secondly, further manipulation though
elaboration of the modified core in a selective manner to yield privileged core synthons
that resemble known drug leads (such as oxazolidinones, sphingomimetics, etc.) would be
investigated. Once differentiation of the alcohols and N-protection has been obtained,
investigations as to the type of functional groups that can be incorporated within the
THAM derivatives will be investigated to develop their potential. Thirdly, as an extension
of this Thesis, various biological activities of all of these compounds would be explored
in order to develop new hit compounds such as antimicrobial, anticancer and potential

imaging agents.
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Results and Discussion:

Fragmentation of THAM Derivative:

As most of the targets mentioned in this thesis require the chemoselective
differentiation and control of all functional groups, with emphasis on the differentiation
of the three alcohols, choice of the protecting groups was recognized as crucial. To
facilitate the selective differentiation of the alcohols, cyclic diol protecting groups that
would engage two alcohols simultaneously were the first type considered. In order to
preferentially react with the alcohols the amine of THAM must first be sequestered by a
protecting group. Therefore, the first protection to THAM carried out was protection of
the amine, initially attempted using ethyl acetate with catalytic DMAP in DMF to afford
an N-acetate derivative of THAM, but this reaction failed. Ramping up the reactivity of
the electrophile, acetic anhydride with the same conditions, catalytic DMAP in DMF, was
successful in protecting the amine; however, it was postulated that removal of an acetate
group from the hindered amine in later synthetic steps may be difficult, so acetic
anhydride was substituted for Boc anhydride. The addition of an N-Boc group was
therefore carried out using Boc anhydride in the absence of a base to give 1 (Scheme 5).
Addition of TEA as a base for this reaction was tried, but it did not improve the yields of
1 and actively hindered the next synthetic protection step, so it was excluded in future

repetitions of this reaction.
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A R on
HO\/E/OH _a, Ho% i»(;:&%/@ +O|—i/o@oi/©

THAM 2a /\\ 2b

(@) BocO, DMF, 24 h; b) PhACH(OMe),, PTSA cat), 24 h, 81% over both steps.

Scheme 5 — Protection of THAM

Literature suggested that a same-pot reaction to protect two alcohols on N-Boc
THAM (1) was possible with either an acetonide or a benzylidene acetal.”* For the
purposes of this project we decided on the benzylidene acetal, as it can be removed
entirely with acid to render a diol, or reduced later to an alcohol and O-benzyl protecting
group, allowing for further differentiation of the alcohols. In the same pot directly
following addition of the Boc group, two of the alcohols were protected with a
benzylidene protecting group using benzaldehyde dimethyl acetal and catalytic PTSA,
leaving one alcohol free to give the Boc/Bz protected THAM as a mixture of
diastereomers in an 81% vyield over both steps (2a/2b, Scheme 5). The benefit of this
synthetic route was that both of these protection steps can be performed sequentially in
one pot with recrystallization for purification, lowering the cost and time required to
perform the synthesis. This dual-protection reaction can also be scaled up easily and
performed on the gram scale; as well the product can be stored for many years (>4) in the
presence of air and ambient light with no special precautions taken, making 2a/2b an

ideal starting material.
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Initially there were issues in synthesizing 2 as the reaction stopped after the
formation of 1 and would not proceed to the acetal. It was believed that the formation of
the acetal was not occurring because too much water was present in the reaction, which
would prevent acetal formation and drive acetal degradation to the alcohols. This water
was believed to be from the PTSA as the sample being used was monohydrate, and
therefore ‘wet’. To test this hypothesis different acids were employed as the catalyst for
the acetal formation (PTSA and PPTS, from 5-15 mol%), but switching the acid used did
not rectify the issue. The next possibility was the reaction was too dilute for acetal
formation. As with traditional acetal formation, the concentration of the reaction was very
important during this second synthetic step as anything too dilute (less than 0.5
mmol/mL) resulted in only formation of the N-Boc protected THAM triol 1. Once the
concentration issue had been resolved, it was found that 10 mol% of PTSA-H,0 was the
most effective choice and that the added water had no noticeable detrimental effect on the
reaction.

As mentioned, this reaction affords two diastereomers of 2, referred to herein as
the cis and trans isomers, in varying ratios, generally between 1:1 and 1:1.5 (Scheme 5).
The isomers 2a (cis) and 2b (trans) can be resolved by TLC and eluted separately using
silica column chromatography if desired. However, since the next step for differentiating
the alcohols was a radical fragmentation that proceeded with a sufficiently high yield,
separation of the isomers was generally not performed, with the exception for the
purposes of characterization. While alcohol 2 had been reported in the literature in 1993

by Schmit, et al., no mention was made that it was synthesized as two diastereomers. The
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reporting of only one isomer is not surprising as superficially at a quick glance there
wouldn’t seem to be two isomers possible as the molecule possesses a plane of
symmetry.’® As a result, most spectra and physical characterization that has been carried
out previously was done on a mixture of the two isomers with no mention that it was not a
pure compound. More recently, in 2011 the same compound 2 was reported in
Tetrahedron by Chiu, et al. having a full experimental with both the *H and *3C NMR’s,
but only one isomer was reported.®® Interestingly, the reported yield for said reaction was
so low (65%), it is conceivable that the minor isomer was synthesized, but was disposed
of accidently during the purification step after confirmation of the sole isomer was
obtained from the previous literature. The oversight that 2 is synthesized as a pair of
diastereomers (2a/2b) we were able to rectify in later publications.'®

The addition of an alkene to the THAM backbone was envisioned with the
intention of synthesizing a sphingosine analog. To achieve this type of scaffold the
literature procedure set out by Hanessian was applied, wherein treatment of 2 with NBS
in the presence of a radical initiator should afford the primary bromide 4 (Figure 20,
mechanism Scheme 6). A bromide on the THAM scaffold would be useful as it could be
reacted with triphenylphosphine to form a phosphonium salt, which could then be used in
a Wittig reaction with a long-chain aldehyde to give the basic backbone of sphingosine.
Protection of the remaining alcohol would likely have been required as treatment with a
phosphonium salt version of 4 would very likely strip the benzoate group from the other

alcohol. 313
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Figure 20 — Expected product (4) of fragmentation

Scheme 6— Expected radical fragmentation mechanism**

The radical fragmentation of the benzylidene group of alcohol 2 with N-
bromosuccinimide (NBS) with a catalytic amount of BPO as an initiator in chlorobenzene
at 70 °C was performed and unexpectedly gave compound 3 as the sole isolated product
with a 77% vyield (Scheme 7). Obtaining only oxazolidinone 3 was unforeseen and
unexpected as product 4 was the only expected product from this radical fragmentation

reaction. 132133
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Scheme 7 — Radical fragmentation of 2

The conditions of the reaction were altered in several ways with the intent of
producing product 4. The initiator was changed to AIBN, which is purchased in an
anhydrous state, as opposed to BPO which is sold as a 75% mixture with water, but this
method also gave oxazolidinone 3 as the only isolated product. As the presence of an acid
(HBr) is evidence of the continuation of the fragmentation, barium carbonate was added
as a base to test whether this reaction is initiated in acidic conditions, but this had no
effect as the pH remained below 2 during the reaction (tested by litmus paper).**? The pH
may not have been affected by the addition of base due to the low solubility of barium
carbonate in chlorobenzene.

The structure of oxazolidinone 3 was partly verified through mass spectrometry as
the molecular ion peak for 3 was lower than what is expected for 4, and the spectra did
not possess the characteristic bromine isotope peaks that would have also been found on
4, but both of these findings could have resulted from 4 fragmenting within the mass
spectrometer. The structure of compound 3 was further verified through ‘H NMR
analysis, first through the lack of N-Boc protons at approximately 1.45 ppm. Other

discrepancies were found downfield around 4.3 ppm, where large chemical shift
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differences were seen between the two methylene protons on the oxazolidinone ring. This
chemical shift suggested their conformation was fixed, for example, within a ring; that
chemical shift difference would be absent, or less pronounced, if the protons were on a
free-rotating chain. The **C NMR spectrum further confirmed the structure of compound
3, with the N-Boc carbons absent, as well as the C-O peaks being shifted downfield to
approximately 63 ppm.

The mechanism for this radical fragmentation was proposed to proceed from the
carbocation intermediate rather than from 4. This proposed mechanism was felt to be
more correct due to the reactive nature of the semi-stabilized carbocation, and the fact
that intramolecular reactions (carbonyl attacking the carbocation, Scheme 8) are generally
faster than intermolecular reactions (bromine attacking the carbocation, Scheme 7). This
theory was supported by previous research into intramolecular rearrangements via N-boc
substrates formed by the reaction of iodine isocyanates and an alcohol, with subsequent
treatment with an alkene as well as thermal treatment of B-iodocarbamates. Both of these
reactions formed an oxazolidinone ring as the product via the carbonyl oxygen attacking

the electrophilic carbon, followed by loss of the tert-butyl group.'****
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Scheme 8 — Proposed mechanism for fragmentation of 2

Although the differentiated intermediate 4 was not obtained, the novel oxidative
radical fragmentation provided oxazolidinone 3 in three overall steps from THAM.
Compound 3 contains all the elements desired for this project, including the protected
amine and three differentiated alcohols. As described in the introduction, other
medications, such as the antibiotic linezolid (Figure 13), muscle relaxant

136137 or migraine medication zolmitriptan®®®, all possess a 2-oxazolidinone

metaxalone
ring at their core, opening up the option of synthesizing analogs of these examples.
Compound 3 was beneficial synthetically as it possesses only one reactive functional

group, as opposed to having two as found on 4, therefore possibly preventing side-
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reactions in later synthetic steps. The non-reactive functional groups that were present on
3, benzoyl and carbamate, are chemically orthogonal to one another, so selective removal
of each is possible if desired. As a result, the robust scaffold found within oxazolidinone
3 will lend itself well to a plethora of reaction conditions, opening the synthetic pathway
towards a multitude of different reactions and products.

There were further benefits from this synthesis of oxazolidinone 3, in that the
product can be purified through recrystallization with a sufficient level of purity and a
similar yield (76% with recrystallization vs. 77% with column chromatography),
eliminating the need for purification via silica column chromatography. Separation of the
cis/trans isomers seen with compound 2 was no longer a concern, simplifying any NMR
spectra obtained for future compounds. Additionally, if previous methods cited in the
literature were used to form an oxazolidinone ring, such as a carbonyl with two labile
groups, differentiation of the remaining two alcohols would be very difficult. The
unprotected product formed from using literature methods, 4,4-dimethoxymethyl-2-
oxazolidinone, would also be of such high polarity that handling and purification may
have been a serious concern.

At this stage it was unknown whether the free alcohol on 2 was involved in the
fragmentation by creating a bicyclic orthoformate intermediate (Scheme 9). With the
intent of probing the mechanism of this novel rearrangement, the alcohol of 2 was
protected using MOM-CI to afford 5 as a mixture of cis/trans diastereomers (Scheme 10).
When the NBS fragmentation was performed on 5, 6 was the isolated product when either

catalytic BPO or AIBN was used as the initiator (Scheme 10). The formation of
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oxazolidinone 6 was verified using the same methods as compound 3, such as the loss of
the N-Boc peaks on the proton and carbon NMR spectra, as well as the lower mass peak
in the mass spectrum. This formation of the oxazolidinone ring suggests that this
fragmentation was not limited to alcohol groups on the neighbouring branch. Although
the reaction proceeded to the oxazolidinone, the yield was appreciably lower than the
parent alcohol, which suggests that the alcohol may be playing another role in the

reaction beyond stabilizing an intermediate.
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Scheme 9 — Possible alcohol involvement in radical fragmentation
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(@) MOM-CI, DIPEA, DCM, rt, 3 h, 72%; b) NBS, BPO or AIBN (¢, PhCI, 70 °C,
1.5 h, 47%.

Scheme 10— Synthesis and fragmentation of MOM-protected Boc/Bz THAM
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The mechanism of the fragmentation of Boc/Bz THAM (2) was further
investigated using the substrate 3-amino-1,2-propanediol (APD), which would give a 5-
member ring acetal and 5-member ring intermediate, as opposed to the previous example
which had both a 6-member ring acetal and 6-member ring intermediate. Following the
same protocol of the radical fragmentation of 2, three distinct products, 8, 9, or 10, were
possible through the Boc/Bz protected APD compound 7 (Scheme 11). The first possible
product would be formed with no rearrangement occurring, which would give the
conventional product of the primary bromide 8 (in green, Scheme 11). The second and
third possible mechanisms revolved around which route an intramolecular rearrangement
would occur, whether directly from 7* (carbocation of 7) or from 8 (Scheme 11). If the
rearrangement were to proceed directly from the carbocation intermediate of 7 then
oxazolidinone 10 would form, as was the case with alcohol 2 (in purple). The second
alternative would be that an intramolecular rearrangement would occur from the primary
bromide 8 to give carbamate 9 (in blue). The difference between these two mechanistic
routes was how the rearrangement proceeds, whether it is via the conventional-product
primary bromine intermediate 8 to give carbamate 9 (in blue), or through the carbocation
intermediate to give oxazolidinone 10 (in purple). This experiment was designed to help
determine if the primary bromide 4 was produced as an intermediate, or whether the

reaction proceeded straight to the oxazolidinone 2.
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Scheme 11 — Possible APD radical fragmentation products

To synthesize the probe for this mechanism, the amine and two alcohols on APD
were protected under the same conditions as Boc/Bz THAM (2) using Boc anhydride and
benzaldehyde dimethyl acetal to afford 7 (Scheme 12). The Boc/Bz-protected compound
7 was then fragmented using the same conditions as previously employed on alcohol 2:
NBS, catalytic BPO, in PhCI at 70 °C for several hours. The only product isolated from
this reaction was the primary bromide 8 (Scheme 12), with no evidence of 9 or 10 by
TLC or silica column chromatography. It was postulated that further heating of 8 might
promote rearrangement after sufficient time, as perhaps the reaction simply required more
time and energy to advance to the oxazolidinone ring. However, despite extensive heating

of 8 no rearrangement was observed, as visualized by TLC.
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APD @ 7 8

a) 1) Boc,O, DMF, tt, 7 h. 2) PhCH(OMe),, PTSA a1, 16 h, 46%; b) NBS,
BPOjca, PhCI, 70 °C, 5 h, 48%.

Scheme 12 — Protection and radical fragmentation of APD to give 8

The sterics within the mechanism were likely the cause for the 5-member ring
analog not proceeding through the rearrangement. In the previous case of alcohol 2, the
carbocation would place the phenyl group in an sp? hybridized geometry, neither axial nor
equatorial. As a result, the N-Boc and alcohol groups would set the configuration of the
intermediate 2* (Figure 21). The bulkier N-Boc group of 2* would occupy the equatorial
position, and therefore the alcohol was set in the axial position. Because this alcohol
could weakly hydrogen-bond with the two oxygen atoms within the dioxane ring, this
would further cement the ring in this configuration. However, because the electrons of the
oxygens in the ring were stabilizing the adjacent benzylidene carbocation, the hydrogen-
bond with the alcohol would be less pronounced than usual. Although weaker, because
the less hydrogen-bonding MOM-protected analog 5 gave a lower yield than the stronger
hydrogen-bonding alcohol 2, the hydrogen-bonding may be considered a contributor to
setting the configuration of the ring. As a result of this configuration, the bulky 'butyl
component of the N-Boc group of 2" would orient itself away from the molecule, pushing

the carbonyl of the carbamate directly under the 6-member ring, adjacent to the
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electrophilic carbons. However, in the case of the 5-membered analog 7%, the 'butyl group
would orient itself away from the ring, moving the carbonyl away from both of the
electrophilic carbons (Figure 21). This distance between the nucleophilic carbonyl and
electrophilic carbons slowed down the cyclization, thus giving time for the bromide to act
as the nucleophile in the reaction. As a result, only 8 was isolated from the 5-member ring
analog, rather than either a 5- or 6-member ring. This probing of the reaction suggested
that the rearrangement from 2 to 3 proceeds via the mechanism proposed, in that the

carbonyl attacks the carbon P to the carbocation.

2* 7t 7t

Figure 21 — Conformational Analysis of Novel Rearrangement
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Oxazolidinone Library:

We next desired to take advantage of the fully-differentiated THAM derivative 3
as a compact reactive synthon that could be used towards oxazolidinone analogs, such as
those found in Linezolid (Figure 13). The substituents on Linezolid are located on the
carbon adjacent to the oxygen rather than the nitrogen, but this alteration may make a
more cost-effective analog of Linezolid with potential activity. Alternatively, Sphingosine
and FTY720 analogs could also be synthesized from oxazolidinone 3, because one of the
main objectives for this project, differentiation of the alcohols, has been achieved.

Sphingosine & FTY720 both possess a similar backbone of polar groups on one
end of the molecule and a long, alkyl section on the other (Figure 12). To obtain this type
of scaffold alcohol 2 or oxazolidinone 3 must have an alkyl chain added to one of its
branches without the use of a heteroatom spacer. One method of adding an alkyl tail is to
perform a Wittig reaction on alcohol 2 or oxazolidinone 3, which would involve either
transformation of the THAM derivative to the phosphonium salt or oxidizing the alcohol
on the THAM derivative to the aldehyde.

To expand the oxazolidinone library it was thought that an alcohol to aldehyde
conversion on oxazolidinone 3 would provide a more general synthetic approach within
this project as a phosphonium salt has limited synthetic use beyond a Wittig reaction.
Therefore, both a Dess-Martin oxidation and a Swern oxidation were attempted on
oxazolidinone 3 to hopefully obtain aldehyde 11 (Scheme 13). The Dess-Martin oxidation
route was quickly discounted as an option due to difficulties in forming and obtaining

product 11, resulting in no isolated product. The cost of the Dess-Martin reagent (DMP),
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as well as difficulties in scaling the reaction up to the gram scale at a later time, also
contributed to this method being abandoned.

The Dess-Martin oxidation may have failed due to sterics, as both the reagent and
the neopentyl alcohol being oxidized are bulky. To circumvent this concern, a Swern
oxidation was then attempted to synthesize aldehyde 11. Several attempts to form the
aldehyde through the Swern oxidation protocol were performed (Scheme 13), but the
solubility of oxazolidinone 3 in DCM was too low. Dissolving 3 in a 1:1 DCM:DMSO
solvent mixture prior to addition to the Swern reagent solved the solubility difficulties
that were encountered. Despite the increase in polarity of the solvent, compound 3
precipitated from the solution when it reached the less-polar dimethylchlorosulfonium
chloride solution. Attempts to solubilize 3 by warming the reaction mixture to -20 °C also
failed (note: if the reaction was warmed beyond this temperature the

dimethylchlorosulfonium chloride intermediate required for the reaction decomposed).

@] 0]
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Scheme 13 — Failed oxidation of oxazolidinone 3

As aldehyde 11 was not a viable pathway for the expansion the oxazolidinone

library, there were a few alternate synthetic routes utilizing alcohol 3 that were explored.
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One such route is conversion of the alcohol of 3 to a leaving group to facilitate
substitution reactions. The mesylate-protected version 12 was prepared using MsCI in
base, with verification through '"H NMR and mass spectroscopy (Figure 22). However,
mesylate 7 was found to be too unstable to be a viable intermediate for this project as it
degrades too quickly to be reliably synthesized, scaled up, stored, or retained in a
sufficient quantity. Regardless of the amount of MsCl and DIPEA added, the reaction
maintains a large amount of starting material as shown by TLC, even with low
temperatures experienced during the synthesis (-78 °C). Experiments that involved the
addition of a nucleophile prior to work up of the mesylation reaction to avoid degradation
of 12 during purification also failed, with the usual resulting products being the starting

material 3 and a mesylate-protected version of the nucleophile employed.
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Figure 22 — Mesylate-protected THAM-based oxazolidinone 12
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To obtain a stable electrophilic-branched oxazolidinone intermediate, the mesylate
was substituted for a tosylate group. While mesylates are generally regarded to be less
reactive than tosylates, it was thought that the additional bulk from the aromatic ring, as

opposed to the methyl group, combined with being adjacent to a neopentyl alcohol, would
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decrease the accessibility to the reactive carbon, thus increasing the stability of the
compound to a sufficient level so as to allow for purification, handling, and storage.
Addition of a tosylate group to 3 was performed using tosyl chloride, with lutidine as the
base, and resulted in a good and reproducible yield of 87% (13, Scheme 14).
Additionally, the tosylate 13 was stable enough for purification, handling, storage, and
characterization, with no visible degradation of the product, even when stored as a solid at
room temperature in the presence of air or light for several years. The number of
equivalents of tosylate is pertinent to the reaction outcome (3 equivalents for mono-
addition) since it was possible to add a tosyl group to the nitrogen of the oxazolidinone
ring in addition to the alcohol if too many equivalents of tosyl chloride are used;
tosylating the nitrogen must be avoided as removal of an N-tosyl generally requires very
harsh conditions (e.g. refluxing in acid).’*® The addition of the tosylate group on the
alcohol gives the flexibility to substitute the previous alcohol with a variety of different

compounds to build a more comprehensive library of analogs.

a) Ts-Cl, lutidine, DCM, 15.5 h, 87%.

Scheme 14 — Synthesis of tosyl-oxazolidinone 13
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To test the use of a nucleophile on such a sterically hindered electrophilic carbon
as found on tosylate 13, use of a less bulky nucleophile, such as an azide, was performed
first. Sodium azide was employed successfully as a nucleophile to afford azide 14 from
tosylate 13 (Scheme 15). This Sn2 substitution reaction gave excellent yields and
purification was obtained through a simple DCM wash of the reaction mixture following
removal of the solvent. The azide product proved to also be stable at room temperature in
solution with exposure to indoor lighting for at least several days as well as in solid form
in atmospheric air for many months without any noticeable degradation as visualized
through the *H NMR spectrum. As azides can be reduced to an amine or reacted with an
alkyne or cyanide to produce a triazole or tetrazole ring respectively, the addition of an
azide to the THAM scaffold broadened the scope of compounds that could be derived

from this synthetic pathway.
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a) NaN3, DMF, 80 °C, 5 h, 95%.

Scheme 15 — Nucleophilic substitution of 13 to afford azide 14

Further confirmation of the structure of azide 14 was provided through single-

crystal X-Ray crystallographic analysis (Figures 23a & 23b: same molecule at different
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angles, with carbon in grey, hydrogen in white, oxygen in red, and nitrogen in blue). X-
Ray crystallography further definitively proved our earlier analysis and conclusion that an
oxazolidinone ring was formed during the radical fragmentation and subsequent

rearrangement of alcohol 2.

Figure 23b — X-Ray crystal structure of azide 14
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Conversion of the azide to a more useful functional group, such as an amine, was
desired to allow for the addition of electrophilic groups to the molecule. The reduction of
the azide of 14 to the primary amine was performed under two different sets of
conditions. The first method was through a Staudinger reaction, reacting
triphenylphosphine with azide 14 for 24 hours, followed by treatment with water for an
additional 24 hours (Scheme 16); these conditions gave primarily the N-benzoyl migrated
product (15) as expected, formed via an acyl transfer when the amine reacted with the
carbonyl of the benzoyl group in an intramolecular reaction, leaving a primary alcohol
and a benzoyl-protected amine. The Staudinger reaction gave only trace amounts of the
O-benzoyl product (16), likely as a result of the length of time required for the reaction.
The Staudinger reaction had a few major drawbacks, mainly that the yield was barely
over 30%, the reaction had to be performed over the course of two days, and column
chromatography was required for purification. Due to the time and yield disadvantages
the Staudinger reaction had with this substrate, this method was abandoned for the
reduction of the azide functional group using hydrogen over catalytic palladium on
carbon (Scheme 16). One of the most compelling benefits of this hydrogenation that is the
reaction gave a quantitative yield with clean conversion to a single product (16), without
significant amounts of side products. Another convincing improvement is this reduction
uses filteration as the sole method of purification to remove the heterogeneous catalyst as
opposed to silica column chromatography, which was required for the Staudinger
reaction. Conversion of the amine/O-benzoyl (16) product to the alcohol/N-benzoyl

product (15) occurs when the amine 16 is left in solution for an appreciable amount of
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time. Thus, this acyl migration can be avoided if short reaction times are employed for the

hydrogenation.
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a) 1) PhgP, THF, rt, 24 h. 2) H,0, rt, 24 h. 32%;
b) Hy(g), PA/Ccary, THF, rt, 4 h, 99%.

Scheme 16 — Reduction of azide 14 to give 15 or 16

Slow transfer of the benzoyl group from the oxygen (16) to the nitrogen (15) was
observed when the amine was stirred in solution at room temperature in solvent over time
(Scheme 16), as visualized by both TLC and *H NMR. This benzoyl migration has only
been shown to occur when the product is in solution and there is no evidence of the
migration occurring when 16 was stored in its solid form. This optional migration of the
benzoyl group from oxygen to nitrogen gives the flexibility to run the reaction and store
the stock product 16 under agreeable conditions without the need to finalize which

precursor, 15 or 16, will be desired in the future. The retention of the benzoyl group as a
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protecting group on nitrogen also saves the synthetic step of protecting the amine, as well
as retaining the option of solid-phase synthesis, with the benzoyl group as the linker to the
solid support.

To expand the oxazolidinone library, substitution of the tosyl group was further
investigated using various other ‘arrow’ nucleophiles, such as a nitrile. A cyano-
oxazolidinone product could open the pathway to the synthesis of rings on the side chain,
such as reaction of the nitrile with an azide to produce a tetrazole ring. Similar to the
azide, cyanide was introduced to the oxazolidinone ring through substitution at the O-
tosyl carbon using potassium cyanide to give 17 in 76% yield (Scheme 17). This reaction
proceeds fairly cleanly with a similar work up to the azide, in that the solvent is removed
under reduced pressure and the resulting residue is washed with DCM to afford the

product with no further purification required or carried out.
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Scheme 17 — Synthesis of nitrile 17

Reduction of the nitrile was attempted to obtain an analog of 16, but with an
additional methylene spacer between the amine and oxazolidinone ring. Nitrile 17 was

treated with gaseous H; at one atmosphere of pressure over Pd/C, but this reaction failed
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to produce any amine and only starting nitrile was isolated. An addition reaction using a
Grignard reagent was also unsuccessful, likely due to the complexity of the molecule
negatively affecting the chemoselectivity (e.g. the carbonyl of the benzoyl group or, given
a sufficient length of time, the carbonyl of the oxazolidinone).

Primary and secondary amines, such as 1-dodecylamine, imidazole, and indole,
were used as nucleophiles on 13 in an attempt to create the corresponding oxazolidinone.
The substitution reaction between tosylate 13 and 1-dodecylamine failed to produce any
amine-substituted product with or without the loss of the O-benzoyl group. The reaction
between 13 and imidazole was attempted several times, however, it also failed to produce
any product either, with only trace amounts of product formed (18, Scheme 18). Indole
adds more readily than imidazole to make 19, but the yield was very low (Scheme 18).
Interestingly, unlike the reaction with sodium azide or potassium cyanide, the O-benzoate
group was unavoidably removed by the nucleophile during the reaction as proved by the

aromatic protons in the 'H NMR associated with the benzoate group being absent.
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a) Morpholine, DIPEA, THF, 70 °C, 20 h, 49%; b) LiIHMDS, imidazole,
dioxane, 0 ° to 70 °C, no rxn; c) NaH, indole, DMF, 0 °C to rt, 21 h, 32%.

Scheme 18 — Substitution of tosyl-oxazolidinone 13 with various amines

Morpholine as a substrate was also envisioned for the substitution reaction due to
its involvement in the backbone of Linezolid. Morpholine also proved to be a suitable
nucleophile when DIPEA was used as the base (9, Scheme 17). When a base with a lower
pKa was used, for instance lutidine, the reaction was unsuccessful. The use of DIPEA as a
base had the added advantage of preventing the reaction from becoming acidic after the
generation of p-toluenesulfonic acid. As opposed to earlier results, despite the large
excess of morpholine used in the reaction (~20 eq.), the O-benzoate group remained on
20.

Although addition of further heterocylic rings and groups to THAM-based
oxazolidinones would be useful for expanding the oxazolidinone library, it was

abandoned as it was not advancing the project in a sufficiently-novel direction, especially

53



Ph.D. Dissertation — J. Calzavara; McMaster University — Chemistry

without further SAR data. We showed that tosylate 13 can be made in only four synthetic
steps, with a relatively good yield. We have also proved that simple N3 and CN
substitution can occur, as well as reactions with amines such as morpholine and indole.
Theoretically a library of compounds could be synthesized using this type of reaction, but
to further the project we began looking at different types of reactions for the THAM
scaffold.

Similar to substitution reactions, addition reactions to THAM-based
oxazolidinone 3 were attempted to verify the scope of reaction types tolerated by this
novel scaffold, as well as with the intention of expanding the oxazolidinone library.
Addition reactions, mostly based around protecting groups, have been performed on
oxazolidinone 3 with varying levels of success. Those protecting groups, such as MOM
(6) and THP (21), were added without issue (Scheme 19); however, purification posed a
problem as for no explicable reason both the MOM-oxazolidinone 6 (when synthesized
from oxazolidinone 3, as opposed to the synthesis that fragments alcohol 5) and the THP-
oxazolidinone 21 were solvated and very difficult to obtain as solids that were devoid of
water. This solvation may have been the cause of issues in future water-sensitive amide
aryl-coupling reactions that were later attempted with MOM-oxazolidinone 6 THP-
oxazolidinone 21. THP-oxazolidinone 21 was synthesized cleanly, but formation of 21
occurred with an equal ratio of both diastereomers, as was confirmed by *H NMR. The Ry
values of the diastereomers were identical, and the compound was observed as a single
spot as visualized on the TLC plate, making separation via traditional silica

chromatography impossible for us. As a pure compound could not be isolated from the

54



Ph.D. Dissertation — J. Calzavara; McMaster University — Chemistry

mixture of isomers from THP-oxazolidinone 21, that synthetic route was abandoned for a
protecting group devoid of stereocenters.

Acetoxy-oxazolidinone 22 was synthesized from acetic anhydride and
oxazolidinone 3 with relative ease, but later proved to be of no synthetic use for the N-
aryl coupling or any other synthetic plan (scheme 19). Interestingly, acetoxy 22 was also
formed by heating tosyl-oxazolidinone 13 in the presence of acetic acid, but this method
was more time consuming than using acetic anhydride, and it gave a lower yield, so was

never used to synthetize reasonable quantities of 22.
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a) MOM-CI, TEA, DCM, rt, overnight 65%; b) DHP, PTSA g, DCM, rt, 21 h, 68%;
¢) Ac,0, DMF, rt, 48 h, 89%.

Scheme 19- Addition of MOM (6), THP (21) and acetoxy (22) to oxazolidinone 3

Benzyl bromide was used with the intention of protecting the free alcohol with a

benzyl group, capping the reactive alcohol with a chemically non-orthogonal protecting
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group that could be removed with hydrogenation without affecting the remaining O-
benzoyl group or oxazolidinone ring. The reaction was carried out with benzyl bromide in
the presence of LIHMDS or NaH as the base in the reaction with the intent of first
deprotonating the free alcohol. These reaction conditions resulted in the formation of the
N-benzyl-protected product 23 in lieu of the intended O-benzoyl product (Scheme 20).
Proof for the formation of 23 was found in the proton NMR spectrum, where the
methylene protons adjacent to the alcohol remained at approximately 3.5 ppm, the N-H
proton signal around 5-6 ppm was lost, and the methylene protons on the benzyl group
were around 4.4 ppm, which is more upfield than had they been found adjacent to an
oxygen. This unintended side-product 23 was formed when using either 1 or 2 equivalents
of benzyl bromide/base for the reaction. There was trace amounts of both the amide and
alcohol reacting with the benzyl bromide, but not to a sufficient degree to be of any

practical synthetic value.

O

)\O )x

k@ b ok©

) LIHMDS, DMF, 0 °C, 30 mins; 2) BnBr,
0°Ctort 1.5 h, 41%.

Scheme 20 — N-benzylation of 3 to afford 23
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Due to the pKa of the oxazolidinone NH being lower than that of the alcohol (12
and 15.5 respectively), the reactivity of the alcohol may not be sufficient to obtain only
the O-benzyl product when a base is first used to deprotonate the acidic hydrogens. The
alcohol might be preferentially reacted with benzyl bromide in the presence of the
oxazolidinone ring if prior addition of a base was avoided. The alcohol of 3 should be
more nucleophilic than the nitrogen within the oxazolidinone ring as the lone pairs on the
nitrogen are involved in resonance with the carbamate group. Though this synthetic route
may have been optimized towards the formation of only the O-benzyl product, it was
abandoned for more reliable methods.

More than the dual benzyl-protected product or O-benzylated product, the N-
benzylated 23 can be considered beneficial to this project as it gives an additional avenue
of attaching oxazolidinone 3 to a polymer support for solid phase synthesis, while
maintaining a free reactive alcohol for derivatization. The synthetic method described in
Scheme 20 would introduce alcohol 3 to the solid polymer support after the fragmentation
step, thus preventing issues that may arise during the radical reaction and rearrangement.
Additionally, the N-protected oxazolidinone 23 is structurally similar to an arylated
oxazolidinone such as that type found in the structural backbone of the oxazolidinone-
class of antibiotics (e.g. Linezolid, Figure 13); therefore this route could hypothetically be

used to create a Linezolid analog from oxazolidinone 3.
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Linezolid-type Analogs:

As Linezolid and its derivatives (Figure 13, 14, & 15) have an aromatic ring
bonded directly to the nitrogen of the oxazolidinone ring, it was hypothesized that the
addition of an aromatic ring to a THAM derivative might increase the likelihood of
having antibacterial activity for that class of compounds. The literature published within
the last ten years cited aryl coupling to the nitrogen of the oxazolidinone ring in high
yields through the use of affordable copper catalysts and ligands (Scheme 21).140142
Palladium can also be used as a catalyst or co-catalyst with copper for the aryl coupling to
nitrogen with well-documented results.'***** The starting compounds within these papers
illustrated that the novel coupling methods tolerate functional groups stemming off the
oxazolidinone ring, but these groups are often situated at the methylene carbon adjacent
to the oxygen (5-substituted position). In very few cases were there free hydroxyl groups
present, in which case a low yield was reported (20%), and the hydroxyl was situated
adjacent to the oxygen rather than the nitrogen atom.'*? Therefore it was believed that the

previously synthesized THAM-based oxazolidinones were prime candidates for an N-

arylation reaction, opening the possibility of antibacterial activity.

O R
HN)J\O _a_ @NAO

R' R'
a) phenyl-halide, Cul/ligand,
base, 110 °C, 16 h

Scheme 21 — N-Aryl coupling of oxazolidinone
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Different THAM-based oxazolidinones were used as starting materials in this
reaction, such as the free alcohol 3 or a derivative with a protected alcohol, such as
tosylate 13, MOM ether 6, or acetoxy 22. The N-aryl coupling was carried out under a
plethora of conditions, mostly altering the aromatic-halide used, the type and number of
metals for the catalyst, the ligand/co-ligand for the catalyst(s), the protecting group on the
alcohol of the oxazolidinone 3, the solvent, the base, and source of heat (see Table 1). The
duration the reaction was run remained fairly constant at approximately 16 hours of
heating/stirring (overnight). Bromobenzene was the most common aromatic halide
utilized for this reaction, however iodobenzene for the aryl source was also used, as well
as 4-iodoacetophenone, with the intention that increasing the reactivity of the phenyl-
halide may drive the reaction to completion. Potassium carbonate was the most
commonly used base, but caesium carbonate was tried with no discernible difference. The
solvents used were either toluene or 1,4-dioxane (dioxane) at 1 M concentration (with
respect to the oxazolidinone) due to their high boiling points; dioxane was slightly
favoured due to literature articles reporting its usefulness. As well, dioxane has increased
polarity over toluene, assisting in solubilizing the oxazolidinones. While dioxane did
respond more favourably to microwave radiation/heating than did toluene, the downside
to the use of either solvent was that conventional heating in an oil bath was often required
as even 1,4-dioxane is not considered a generally good solvent for microwave heating.

Some aryl-coupling reactions were successful, which are illustrated by being
shaded grey in Table 1. Not all products were fully isolated, and as a result the yield of

the successful reactions was not always reflective of their success.
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Table 1 — Conditions for the N-aryl Coupling of Oxazolidinones & Halogenated

Aromatics

Ph- St. Mat. g:t. Cu Lig. (P:gt_ Lig. Solvent | Base Yield
1 | Toll g)_' (1C0l;/lo) T(Iié)/CO)H - - Dioxane %533 -
2 | Toll If%/' (]%L:’/Io) ngjﬁr ] - | Dioxane I?;S(?)a )
s e G | | awe | | | P ] Gt |
dlom ]G | | ame | - | - | P ] G| -
s |2 | Yo esw | aog | 0 | | P ' | -
6 | 4-AP (O3|)_| (1%%/[,) T(EQJZ)H - - Dioxane %Ce:(%” -
7| 4-AP '(I'fgg/ ! (1%%/[,) T(?é)fo:)H - - Dioxane %S(%S -
8 | Ph-Br Czj)i(ﬁf,?llei- (]%li/l()) T(?QJE)H - - | Dioxane %533 44%
9 | 4AP %)i(ﬁf,ﬂg' (1%%}0) T(El)gsg)l—l = = Dioxane %(6:33 47%
10 | Ph-Br (zAzg (1%%/[,) T(?OAOZ? - - Dioxane ?5%(33 -
1| poer | G0 | | PG| ey | Toluene | e | -
2 P e | o | e | T | Gy |
13 | phgr | QX201 C(‘é%f ) P(gzgébozgs (52‘;) Toluene ((:fzfeg; <5%
14 | Ph-Br Od)i(r?éﬂlei_ E:ZUSJ;E)f ) P?zz_(g%h (7.25%/0) Dioxane ((:152422)3 -
15 | phar | e éu;/To; ] P?zz_(g%k (7.25%/0) “BUOH %1524062)3 i
o o S G2 e n o |G|
| per | GOl | @ | e | o5 | @ | PO | g | <
18 | Ph-Br %’I‘ﬁéﬂ'e' %{f/oc)’ 1’1(g;/POjA' P?ﬁ_(g&a)k (5230) *BUOH ((:1524%2)3 14%
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Ph- St. Mat. g;t. CL:iL:gand E:(:ltalyst Lig. Solvent | Base Yield
19| Pner | G | e | e | esw | @ | OV | den | %
o oo Qo | cuo Tk [Falen | o |0
RIS SRR
22 | Ph-Br N(Ig)M (Zc(:)%/lo) T(‘ggf;)“ - - Dioxane %SC?)S -
23 | Ph-Br Od)i(zé(r)lle:_ (1%%/[)) T('\f;z)A - - Dioxane %g(g?’ -
24 | Ph-Br %)I‘zf)‘r’lg (100‘3/'0) TMEDA . - |TMEDA| - |55%
25 | phgr | Oxezol- (1%‘;/'0) T(?Q)/CO)H : - | Dioxane %533 30%
26 | Ph-Br N(Ig)M (ZC(:)%/Io) T([Z)gf;? - - Dioxane %S(g‘?’ -
27 | Ph-Br N(IGO)M (1(2:8(!/0 ) T(QQJZ)H - - Dioxane %g(g?’ -
28 | Ph-Br od)i(r?é(r)llei_ (ﬁ)l;/lo) 1’(1106(;;3A‘ ' - - Dioxane %&33 40%
2o | pner | MOM | Cul Trsoma [T co. |
o | S| oo | 1A O e | K0
31 | phepr | Qenor (1Colé/|o) 1%1%&? ' P?lz.(g&a))s (32&) ez %533 =B
32 | Ph-Br (Ogl; (2%%}0) 1’(1206(;;36‘ ' - - Dioxane %5(33 -
33 | Ph-Br N(Ig)M (E%ﬂ’/lo) 1’(1506(;;36‘ ' - - Dioxane ?5%(33 -
35 | Ph-Br (ﬂ?’) (1(;’8(!/0 ) 1(—? 1'%‘5/:; - - Dioxane C(SZZ;())S -
36 | Ph-Br N(I(?)M (1(;8(!/0 ) 1(—?9'3?/; - - Dioxane %S& 36%
37 | Ph-Br M(((S))M (2%3‘!/0 ) 1(-55%‘?/; - - Dioxane %2(33 62%
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Table 1: All reactions run at 110 °C, except entries 1 and 2 which were run at 80 °C, N.I. = Not isolated, any
yields <5% were determined by TLC, Lig. = ligand, T = temperature, Tol-1 = 4-iodotoluene, 2-1A = 2-
iodoanisole, 4-AP = 4-acetophenone, Ph-Br — bromobenzene, TDACH = 1,2-trans-diaminocyclohexane
(racemic), Pd,(dba); = tris[dibenzylideneacetone]dipalladium(0), CuOTf = copper (I) triflate-benzene,
1,10-P.A. = 1,10-phenanthroline, TMEDA = N,N-tetramethyl ethylenediamine, 27 & 28 see Figure 24, 1%
=1 mol %, solvent concentration 1 M with respect to oxazolidinone unless otherwise specified, reaction

run overnight (~16 h) unless otherwise specified, successful reactions in grey.

The free alcohol on the 4 position of the oxazolidinone ring found on compound 3
was likely interfering with the reaction/catalyst in some form and preventing product
formation. As a result, any THAM oxazolidinone derivative that might be converted to
the alcohol over the course of the reaction was likely to fail as well. Acetoxy 22 was
eliminated as a potential starting material quickly as it was not stable in the presence of
base at the elevated temperatures imperative for this reaction to occur without degrading
to the alcohol. Similar issues with stability were seen with the tosyl derivative 13 being
heated in base overnight, which likely accounts for the failure of the tosyl derivative to
work. MOM-derivative 6 was also tried as the oxazolidinone source; however, obtaining
a sufficiently dry sample was very difficult and this water might have resulted in the
failed coupling in this reaction.

Despite a multitude of failed reactions it could still not be determined if the
reaction was failing as a result of the oxazolidinone source or another facet of the
conditions used. To rectify this lack of understanding, a trial reaction was run using
unsubstituted 2-oxazolidinone; this reaction was successful using either bromobenzene or

4-iodoacetophenone as the phenyl source, with Cul and 1,2-trans-diaminocyclohexane as
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the catalyst and ligand respectively (Scheme 22). 2-Oxazolidinone was also treated with
bromobenzene and Cul at the catalyst, with tetramethylethylenediamine (TMEDA) acting
as the ligand, base, and solvent; this variation of the reaction was successful, but resulted
in a very low vyield (5.5%). Novel phosphine ligands synthesized within the McNulty
group were also used as a co-ligand (Figure 24), but experiments showed that they were

not needed for the reaction to proceed, so they were abandoned.'*®

o) (0]
HNJ(O a R‘NJ(O
.
/
24: R = Phenyl
25: R = 4-acetophenone
a) Cul (10 mol%), TDACH (10 mol%), R-X,
K,CO3 (2 eq), 110 °C, 18 h.

2-oxazolidinone

Scheme 22 — N-Arylation of 2-oxazolidinone

O{E@ {ﬁ@
27 28
Figure 24 — Novel phosphine ligands developed by the McNulty group*®

When the optimized conditions were used on a THAM derivative the reaction
initially failed. Alterations to the optimized conditions continued with excess catalyst and
ligand being the key to running this reaction on a THAM-based oxazolidinone. When 196

mol% catalyst and ligand were used on MOM-oxazolidinone 6 the N-arylation proceeded
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with a 36% yield to afford 26. If the catalyst/ligand loading was increased to 250 mol%
the yield rises to 62% (Scheme 23). This increase was likely due to the first equivalent of
copper being sequestered by the MOM group, therefore the more excess copper that was
added to the mixture the more copper that would be available for use as a catalyst. As
successful as these conditions were for the MOM-compound 6, they failed when they

were applied to tosylate 13 or azide 14.

a) Cul, TDACH, PhBr, K,CO3, Dioxane, 110 °C, 4 days, 62%

Scheme 23 — N-Arylation of Mom-oxazolidinone 6

Due to the requirements for the N-arylation reaction to proceed, there were limits
to the scope and usefulness of this reaction. Should an N-arylated product have been
desired, it would have required protection of the free alcohol, followed by N-arylation,
and then deprotection of the alcohol, which would be a lengthy synthesis. This avenue
may be revisited in the future for a more target-based synthesis, but was wrapped up to

investigate more promising avenues of the project.
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Chiral Resolution of Fragmented Protected THAM:

All oxazolidinone compounds synthesized within this project have been racemic
mixtures of the compounds. We wanted to explore different routes to resolve the
enantiomers, allowing us access to enantiomerically pure samples. Ideally, the first
compound to be separated into its separate enantiomers would be 3 as once 3-R and 3-S
were isolated, the synthesis could then be scaled up so that later derivatives (e.g. tosylate
13 and azide 14) were synthesized directly from the enantiomerically pure sample of 3,
reducing the need to optimize the resolution on more than one compound.

There are several different ways to resolve the R and S enantiomers of the THAM-
based oxazolidinone series. The first method would be HPLC separation of the
compounds on a chiral column. The drawback to this method is the cost associated with
running a preparative-scale HPLC separation; this method would only be a possibility if
alternate methods failed. Although resolution of enantiomers is not possible by silica
column chromatography, separation of diastereomers by said method is feasible.
Therefore, the separation of THAM-based oxazolidinone enantiomers can also be done by
adding a set chiral entity to the oxazolidinones to transform the mixture of enantiomers
into a mixture of diastereomers. From there it is theoretically possible to separate the
mixture of diastereomers through silica column chromatography, followed by the removal
of the recently-added chiral entity to give the separated enantiomers.

The first chiral resolution tool used was a camphor sulfonyl derivative. This
camphor sulfonate had a similar backbone to a tosylate, and therefore could act in a

similar manner as the previously used tosyl leaving group. This similarity would allow
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the synthesis of later derivatives in the oxazolidinone series directly without the need to
remove the camphor adduct and then add a tosyl group to continue the synthetic pathway.
Oxazolidinone 3 was treated with (R)-(-)-10-camphorsulfonyl chloride in DCM with base
(TEA, pyridine, or lutidine) to afford 29 as a mixture of diastereomers (Scheme 24).
While two distinct sets of peaks were visible in the *H NMR spectrum corresponding to

the two diastereomers (R,S & R,R), only one spot was visible by TLC.

a) (1R)-(-)-10-camphorsulfony! chloride, lutidine, rt, 22h, 39%; b) NaN3;, DMF,
70 °C, overnight.

Scheme 24- Synthesis of camphor-THAM derivative 29

Effort was made to recrystallize the mixture of 29 into its separate diastereomers,
however, this was also not feasible. To circumvent the need to separate the two
diastereomers prior to use, it was hoped that one diastereomer of 29 would be more
reactive and therefore react preferentially over the other in a substitution reaction,
allowing for separation of the diastereomers to be avoided in lieu of separation of two
different products. To test this hypothesis 29 was treated with 0.5eq of NaN3 at 0 °C for

30 minutes, yet no product was observed by TLC and only starting material could be
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visualized. The temperature was raised to room temperature for another 30 minutes, but
there was still no reaction as visualized by TLC. Starting at 30 °C and increasing to 70 °C
in 10 °C increments the reaction was allowed to continue, but no evidence of product
formation could be found. Eventually excess NaN3 was added and the mixture was heated
at 70 °C, which afforded the same azide THAM derivative 14 (Scheme 14) as was
originally synthesized from tosylate 13 (Scheme 24). As this was a test reaction the yield
was not reflective of the success of the reaction, but as there was total spot-to-spot
conversion by TLC analysis this reaction is thought to behave in the same fashion as
tosylate 13. Although this finding suggests that the camphor derivative 65 can be used in
place of the tosylate 13 to carry out future derivatizations, selectively reacting one
diastereomer in lieu of the other may not be possible.

The next chiral derivative tried was a menthol derivative. (1R)-(-)-menthyl
chloroformate was added to 3 with TEA in DCM to yield the derivative 30 (Scheme 25).
Unfortunately, separation quickly became an issue as menthol elutes at a similar R¢ as 30,
making it very difficult to get pure samples of 30, or even visualize how many
spots/compounds are present. Effort was invested to purify the starting material (1R)-(-)-
menthyl chloroformate by vacuum distillation, but this only produced a viscous, yellow
oil that appeared to be less pure (by TLC and the products themselves after subsequent
reaction with 3) than the starting, non-distilled material. As it was impossible to obtain a
pure sample of 30, no spectra were obtained or yield calculated. It is doubtful that a
sufficiently pure sample of (1R)-(-)-menthyl chloroformate will ever be obtained as to

make this method a viable and attractive option.
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a) (-)-menthyl chloroformate, base, DCM, rt, overnight.

Scheme 25- Synthesis of menthol-THAM derivative 30

As the more polar a product is the more strongly it adsorbs to silica, thereby
enhancing any differences in the R¢ values between different structures, it was thought
that a more polar derivative added to the THAM-based oxazolidinone may be easier to
separate by silica column chromatography. The final derivative undertaken in an attempt
to resolve the THAM oxazolidinones was Chz-protected proline for a few reasons: the
Cbz-proline derivative has a higher polarity than either the menthyl or camphor
derivatives previously formed, and it possesses a much larger group than the menthyl
entity, suggesting separation may be easier; Chz-proline was readily available and had
flexibility in its functionality; and the proline-oxazolidinone product would possess the
chiral center closer to the oxazolidinone product than the camphor product 29 did, also
suggesting separation to be more likely.

The first attempt to couple Cbz-proline to alcohol 3 was through a diethyl
chlorophosphate-mediated esterification, but this reaction failed to produce any product
and showed only starting alcohol in the *H NMR spectrum.**® Oxazolidinone 31 was
eventually isolated after a coupling of 3 to the protected amino acid through a Steglich

esterification using DCC and catalytic DMAP in acetonitrile or DMF (Scheme 26).**
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However, as was the issue previously encountered with the camphor and menthol
derivatives, the 'H NMR of 31 shows two diastereomers, while the TLC visualizes only
one spot. In the future the Cbz group may be removed from 31, further increasing the
polarity, improving the chances of 31-R and 31-S having sufficiently different R¢ values

to be separated via a silica column.

a) Z-Pro-OH, DCC, DMAP 5, MeCN or DMF, rt., overnight, 48%.

Scheme 26 — Synthesis of L-proline-THAM derivative 31
While these methods mentioned were unsuccessful, preparative-scale HPLC

separation is still an option should the separate enantiomers of the oxazolidinone series be

desired.
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Symmetrization of THAM:

Deprotection of the alcohols of Boc/benzylidene acetal 2 and
oxazolidinone/benzoate 3 were both envisioned for this project with the intent of creating
symmetrical THAM analogs as this type of scaffold could lead to a symmetrical target
molecule, such as fluconazole (Figure 16). This methodology of opening up the
benzylidene diol-protecting group to a free alcohol and protected alcohol could also be
useful in later THAM-based sphingosine or FTY720 derivatives as a method to
differentiate the alcohols after manipulation of the alternate free alcohol has been
completed.

Theoretically, the free alcohol on 2 could be used ‘as-is’ for any transformations
prior to the diol being symmetrically functionalized, but as a test reaction the benzylidene
acetal on 2 was reductively opened to an O-benzyl and hydroxyl derivative using DIBAL
(32, Scheme 27).*8 The reaction proceeded to give diol 32 in a moderate yield (56%), in
addition to giving triol 1 as a major side-product. A shorter reaction time (approximately
12 h) may increase the yield to an acceptable level and lessen the unwanted formation of

triol 1.

a) DIBAL (1 M in toluene), -78 °C to rt, 21 h. 56%

Scheme 27 — Reduction of Boc/Bz THAM (2) using DIBAL
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Despite potential obstacles, this reaction did produce product 32 reliably and it
was conclusively proved that the benzylidene acetal could be opened up in the presence
of the N-Boc and hydroxyl groups. This reduction renders a free alcohol in the product,
unlike the fragmentation, which renders a benzoate group; therefore if one desires an
alcohol (or if an alcohol is already present, a diol) in the product this method would
remove the deprotection step required if the fragmentation route is adopted. Additionally,
the product formed from this reaction possesses two protecting groups, Boc & benzyl,
both of which can be subsequently manipulated in a chemoselective manner.

This reduction also allows the potential for differentiating the alcohols in
situations where the novel fragmentation mentioned previously may not be a viable
option. Additionally, retaining the original aromatic ring from the benzaldehyde dimethyl
acetal, this synthetic route could be amenable to solid-phase synthesis; the novel
fragmentation would require removal of the benzoate group to make available a free
alcohol, which would liberate it from a solid phase synthesis had it been attached to one
via the phenyl ring.

Functional groups within future products that are not compatible with DIBAL
would be a potential issue with this synthetic pathway. It may also not be possible to
remove the O-benzyl group from the future substrate (e.g. derivatives containing
hydrogenation-sensitive functional groups), and therefore it may be necessary to go
through a deprotected oxazolidinone rather than 32.

While a DIBAL reduction of a benzylidene-containing product is an option, it

means that the resulting compound will not contain an oxazolidinone ring during any
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point of the synthesis, which would be disadvantageous for the purposes of biological
testing and expanding the oxazolidinone-based chemical library. To rectify this issue, it
may be more prudent to work directly from oxazolidinone 3 to obtain a diol/symmetrical
molecule.

Removal of the benzoate group of oxazolidinone 3 to give diol 33 was performed
using sodium hydroxide in a water/methanol solvent mixture to create symmetry within
the molecule (Scheme 28). The reaction itself was successful in that the benzoate group
was cleaved as proved by the loss of the aromatic peaks in the proton NMR. There were
issues with the purification of 33 as after recrystallization the product was left solvated
and could not be sufficiently dried. As a result, this reaction gave a 99% mass balance,
whereas a 100% vyield of 33 would have given a 58% mass balance. It is believed that the
additional mass was due to water being complexed with 33. This solvation limited the
type of reactions that could be run in the future, such as by preventing the addition of
tosyl groups to 33. Attempts were made to dry diol 33(desiccator under vacuum charged
with sodium hydroxide as the desiccant), however, it failed to produce sufficiently dry

product as would be needed in future synthetic steps.

X X

HN™ O a HN™ ©O

—_—
o)
|
OH O OH ~OH
3 33

a) NaOH (0.3 M), H,O/MeOH, rt, 2 h.
Scheme 28 — Removal of benzoate from 3 to give diol 33
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Problems with purification of this deprotection reaction were more complex than
the product simply being solvated; purification became a major issue as the diol product
is so high in polarity that silica column chromatography would be difficult. Another
option that had been tested was washing the product with solvent (with either water to
remove the diol, or ether to remove just the benzoic acid), but this has failed to render a
sufficiently pure product, and again solvation of the product would be a serious concern.

Even after acquisition of diol 33, other problems were still present. One potential
obstacle in following the oxazolidinone-diol route was that the diol may be too reactive:
during the reaction of attaching leaving groups to the alcohols, only one alcohol would be
converted to a leaving group/electrophile, while the other would remain as an
alcohol/nucleophile. This mono-leaving group/mono-alcohol situation may cause an
intramolecular cyclization between the two groups. Due to the difficulties presented with
removal of the benzoate group of 3, this synthetic avenue was abandoned; if a

symmetrical molecule is desired it will have to be obtained via diol 32.
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Sphingosine Derivatives:

One of the main goals of this project was the synthesis of a THAM derivative with
a phosphate group as it could resemble S1P or FTY720-P, and thus may inhibit S1K as a
result. To achieve this scaffold, the amine derivative of THAM-based oxazolidinone 6
was reacted with a chlorophosphate derivative to give the mono-phosphoramide product
34 (Scheme 29). Ethyl chlorophosphate was the reactant of choice for this reaction as it
was readily available and could be converted to the dimethyl phosphate or phosphoric
acid derivative directly. Phosphoramide 34 can be used as a substitute for a phosphate
ester for products such as THAM-based sphingosine analogs. Additionally, the
phosphoramide product was stable at room temperature and can offer more stability for
future synthetic steps than a phosphate ester, such as those found on S1P. Removal of the
ethyl chains from the phosphoramide would be required to be a true S1IP mimic, but this
would most likely be achieved in the future from the dimethyl chlorophosphate, rather

than diethyl chlorophosphate.

a) diethyl chlorophosphate, lutidine, DCM, 0 °C to rt, 2 h, 51%; b) NaOH/H,O
(0.125 M), 1 h, 92%.

Scheme 29 — Conversion of 6 to phosphoramides 34 & 35
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After addition of the phosphoramide, selective removal of the benzoate group of
34 was performed under basic aqueous conditions (~0.125M NaOH/H,0) to render a free
hydroxyl group in very high yields (35, Scheme 29). Despite treatment of 34 under such
basic conditions, there was no evidence that the phosphoramide or oxazolidinone ring
were affected in any manner. If desired, the free hydroxyl of 35 can be converted into a
good leaving group, as was shown previously with the addition of a tosyl group (Scheme
13) and a second substitution performed to introduce further functionality. An alternate
option would be oxidation of the alcohol to an aldehyde (if the previous solubility issues
surrounding the oxazolidinone ring can be resolved). If the aldehyde version of 35 can be
synthesized it could be used in a Wittig-type reaction to add the long-chain alkene
required for Sphingosine.

Another route towards the synthesis of sphingosine analogs was through a Wittig
reaction with an aldehyde version of 2, thereby attaching an alkyl tail to the THAM
scaffold via an alkene, giving the basic backbone of a long lipophilic tail with a polar
head. Unlike the problematic issues encountered with oxidizing oxazolidinone 3 (Scheme
14), solubility of alcohol 2 was not a concern. As a result, the oxidation of the alcohol of
2 via a Swern reaction to the aldehyde proceeded with good yields (79%) to compound
36, with a column performed for purification (Scheme 30). As with alcohol 2, aldehyde
36 is a mixture of two cis/trans isomers; unfortunately, unlike the precursor alcohol 2, the
cis/trans isomers of aldehyde 36 could not be separated using silica column
chromatography. Consequently, if separate isomers of 36 were desired for biological

testing of it or later derivatives, separation would have to occur on alcohol 2, prior to later
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synthetic steps. However, 36 was reported as separate isomers by the McNulty group in
the literature, with the spectral data reported for each isomer, further rectifying the
oversight committed by previous research groups that reported 36 as a single

isomer.88'130'131

HNJOKOJ< a HNiOJ<
Ao 7 e

OH @)
2 36

a) 1) (COCI),, DMSO, DCM, -78 °C, 40 mins;
2) 2, -78 °C to -20°C, 55 mins; 3) Et3N, -20 °C
tort., 2 h, 79%.

Scheme 30 — Oxidation of alcohol 2 to aldehyde 36

Because the aldehyde was adjacent to a tertiary carbon, the resulting neopentyl
aldehyde 36 was stable at room temperature in the presence of atmospheric air for long
periods of time (in excess of a year). The stability of the aldehyde was because the enol
cannot be formed through tautomerization as the carbonyl was adjacent to a tertiary
carbon, thus preventing any unwanted aldol addition reactions. This reaction was also
amenable to larger batches as it was scaled up to the gram scale with no effect on the
yield. The yield for the Swern oxidation (as well as the original N-Boc/benzylidene dual-
protection to make 2) was also consistent with literature values reported in 2011, unlike
previous articles that reported unbelievably high yields (~95-98%) for the same or a

similar compound.®*%
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Since aldehyde 36 was synthesized to act as a precursor to a sphingosine/S1P-type
analog, addition of an alkyl tail was the next synthetic step towards this target. As a
proof-of-concept experiment, aldehyde 36 was first utilized in a Wittig reaction using
triphenylethylphosphonium bromide to give a propylene tail on the THAM scaffold as a
mixture of four isomers (E/Z & cis/trans, 37-E/37-Z, Scheme 31). While sphingosine had
an alkene in its alkyl backbone, reduction of the double bond to the alkane through simple
hydrogenation with hydrogen over Pd was attempted to verify what types of analogs with
this scaffold would be possible (38, Scheme 31). This removal of the alkene functional
group was verified through *H NMR by the disappearance of the sp®-carbon protons
around 5.7 ppm, as well as through ESI" mass spec with a mass peak at 322.2 m/z.
Interestingly, only the double bonds with a Z configuration were hydrogenated (both
cis/trans chair isomers), while the E alkene (37-E) remained after hydrogenation. This
was verified through visualization of the alkene double bond protons at 5.9 ppm on the *H
NMR spectrum, as well as a small peak in the ESI" at 2 lower than the molecular ion
peak, signifying the lack of two protons. This retention of the E isomer may have been
due to the E isomer having difficulty getting physically close enough to the surface of the
platinum due to steric hindrance, and therefore it was unable to react with the hydrogen

on the surface of the platinum at the same rate as the Z isomer.
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O
36 37-ZI37-E 1k
@)

a) 1) PhsPEt"Br, NaHMDS, THF, -78 °C to 0 °C, 30 mins; 2) 36, -78 °C to t.,
21 h, 78%; b) Hy(g), PA/C (10%), THF, t, 3 h.

Scheme 31 — Wittig reaction with 36 to give alkene 37-Z/E and alkane 38

To expand this concept of adding an alkyl tail to the THAM scaffold to better fit
the goals of this project, a more sphingosine-like analog than propene needed to be
synthesized. In lieu of the three-carbon chain, a fourteen-carbon chain was added to the
THAM backbone through the addition of a tridecane chain. Therefore, a Wittig reaction
was performed under the same conditions as the propene analog 37 (Scheme 31), but with
triphenyltridecylphosphonium bromide as the alkylating agent, to afford the C,4 analog 39
as a mixture of isomers (Scheme 32). A hydrogenation of this product was never
performed as the alkane version did not match any analogs, as well as it failed to advance
my project a significant amount. Removal of all protecting groups was also avoided as the
sample contained both the E and Z isomers of the alkene, and therefore biological testing
as a sphingosine analog would not have been accurate. Removal of the double bond prior

to removal of the protecting groups would not have been useful as such a compound has
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already been reported in the literature. However, this reaction did illustrate that different
groups could be introduced to the THAM-scaffold via the aldehyde 36 through a Wittig

reaction.

I Ak
S fh0

a)1) Ph3P-C13H25+ Br, NaHMDS, THF, -78 °C
to 0 °C, 30 mins. 2) 36, -78 °C to rt, 20 h.

Scheme 32 — Wittig with aldehyde 36 to give 39
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FTY720 Analogs:

One main avenue envisioned for this project was the synthesis of FTY720
analogs. FTY720 is fairly structurally similar to sphingosine, but with a phenyl ring in the
alkyl tail backbone in lieu of an alkene and with a slight change in the position of the
alcohol groups. To steer away from a direct synthesis of FTY720, it was thought that a
triazole ring in lieu of the phenyl ring may retain activity while creating a sufficiently-
new compound. Addition of a triazole ring to the THAM-scaffold that had been
previously synthesized could be achieved via a substitution reaction with a long-chain
alkyl-bearing triazole ring, or more easily, through a Huisgen cycloaddition reaction.**

Colloquially known as the ‘click’ reaction between an azide and an alkyne, the
Huisgen cycloaddition is a heterocyclic ring-forming reaction between an alkyne and
azide to give a 1,2,3-triazole ring. This ‘click’ reaction was first performed using heat to
drive the reaction forward. Unfortunately, with just heat to catalyze the reaction, both the
4- and the 5-substituted  isomers of the triazole ring are usually formed (Scheme
33).191%0 |n 2002, Sharpless, et al. reported using copper (1) as a catalyst for the Huisgen
cycloaddition reaction and produced only one regioisomer of the product (4-substituted,

Scheme 33).°

® ©
N _N=N= N N,
R\N N cu(l) R—N=N=N A R\N °N R\N N
\_< - + —_— \_( + >_/
R' R—— R' R'
4-substituted 4-substituted 5-substituted

Scheme 33 - Huisgen Cycloaddition Reaction
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Triazole rings have been reportedly used as components within antibiotic
Linezolid derivatives with some success.’®***21>3  Additionally, reports of triazole-
containing FTY720 derivatives have been published in the literature, but with
significantly less frequency than Linezolid analogs.™ Therefore, it was believed that
substitution of a triazole ring in lieu of a phenyl ring on FTY720 would be a logical step
for this project as a triazole ring is approximately the same physical size and
electronically behaves in a similar fashion to a phenyl ring (Figure 25). Furthermore, by
placing the triazole ring one carbon closer to the THAM backbone, it would further avoid

conflicts with existing patents.

NH, NH, N=
HOW\/\/ HO\)Y/N\)\/\/\/\/
OH HO
FTY720 Triazole FTY720

Figure 25 — Triazole FTY720 analog

Addition of the triazole ring onto the existing oxazolidinone scaffold can be
achieved using an alkyne with azide 14 through a Huisgen cycloaddition reaction using a
copper (I) catalyst to ensure the reaction proceeds regioselectively and renders a single
regioisomer of the product. Prior to addition of a long-tailed alkyne, a test reaction was
conceived to use phenyl acetylene as the alkyne as it was readily available. Azide 14 was

therefore reacted with phenyl acetylene in the presence of copper (I) iodide and copper

81



Ph.D. Dissertation — J. Calzavara; McMaster University — Chemistry

(1) acetate (5 mol% each) as the catalysts in a model reaction to produce 40 with

relatively good yields (Scheme 34).

a) phenyl acetylene, Culat), Cu(OAC),(cat), THF,
40 °C, 21 h, 71%.

Scheme 34 — ‘Click’ reaction on azide of 14 to give triazole 40

The *H NMR spectrum shows a singlet at approximately 7.9 ppm that integrated
to one proton (with respect to the O-benzoate protons), signifying the likely presence of
only one regioisomer, thought to be 40 from the regioisomer reported in the literature.
Had both regioisomers of 40 been produced then the peak at 7.9 ppm would have
integrated to less than one proton and there would very likely have been another singlet
also integrating for less than one proton, around the same area of the spectrum.'*® This
triazole derivative models certain antibiotics that possess a triazole ring and cyclic centre
group, but with significant enough alterations that would make this an interesting lead
compound that would likely not infringe on intellectual property rights. Triazole 40 may
also mimic the aromatase inhibitors previously synthesized in the McNulty group,

furthering the possibilities for this type of scaffold.*®
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Since the triazole-FTY720 analog desired possessed a long alkyl chain, it was
believed that the use of a shorter-chain alkyne with a good leaving group on the terminal
end of the chain would allow derivatization of the molecule without the need to procure a
different alkyne for each individual reaction. 3-bromo-1-propyne was initially used as the
alkyne reagent for this ‘click’ reaction, but the resulting product produced was unstable,
and thus never isolated. However, when 5-chloro-1-pentyne was used as the alkyne in
lieu of 3-bromo-1-propyne, the afforded product 41 was sufficiently stable to survive
purification through silica column chromatography with reasonable isolated yields
(Scheme 35). As was the case with 40, it was thought that product 41 existed as a single
regioisomer due to the presence of only one peak in the *C NMR at 147 ppm
(representing the carbon at the 4 position of the triazole ring), with the belief that

substitution occurred at the 4 position based on literature precedent.™

o)
HNXO
A
HN aorb o
—
O |
| N, ~O
N3 O \ )
N
14 R 41: R = CH,CI
42: R =Br

a) 5-chloro-1-pentyne, Culcat), CU(OAC)(car), THF,
50 °C, 18 h, 70%; b) 4-bromo-1-butyne, Cul ),
Cu(OAC)y(caty THF, 50 °C, 18 h, 56%.

Scheme 35 — “Click” Reaction Synthesizing 41 & 42
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In an attempt to add an alkyl chain directly to the triazole-THAM backbone,
triazole 41 was reacted with the Gilman organo-cuprate reagent Me,CuL.i, but no visible
reaction occurred despite heating the reaction or adding additional Gilman reagent. It was
suspected that the chlorine was not a sufficiently capable leaving group for the Gilman
reaction to proceed, so bromo-derivative 42 was synthesized using the same protocol
using 4-bromo-1-butyne as the alkyne. By using the bromo-butyl alkyne for the ‘click’
reaction it was hoped that the stability of the product would be increased as the
detrimental resonance structure involved when the allylic bromide propyl version was
used would be eliminated (Scheme 36). Although triazole 42 was synthesized and
purified successfully as a single regioisomer using the same synthetic method mentioned
earlier (Scheme 35), 42 has not been reacted with a Gilman reagent as of yet, but this may

be done in the future as part of a continuation of the project.

Scheme 36 — Propyl product of ‘click’ reaction

Moving away from alkyne/azide cycloaddition reactions, another synthetic
pathway for THAM derivatives that was investigated was the addition of an aromatic ring

to the backbone. This aromatic ring would be in lieu of the alkene in the alkyl-chain tail
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that was synthesized previously (Schemes 30 & 31), which steered the synthesis to more
FTY720-type analogs as opposed to sphingosine/S1P analogs. As a proof of concept an
aromatic-halide was thought to be a good choice as it would allow for later modular
additions to the backbone, further expanding the chemical library. A 4-chloro substituted
phenyl ring was added to the aldehyde 36 through a traditional Wittig reaction using
triphenyl(4-chlorophenyl)phosphonium bromide with NaHMDS to give both the cis/trans
isomers 43-Z/43-E in very high yields (Scheme 37). This less-reactive chlorine analog
was synthesized prior to the more-reactive bromine version as the 4-chlorophenyl
phosphonium salt was previously made in the lab and ready for use. 4-chlorophenyl
THAM derivative 43 was synthesized as both the E and Z isomers, which were separable
by silica chromatography. Interestingly, 43-Z slowly isomerized to 43-E when dissolved
in solution, so both isomers of the olefin can be isolated together and later isomerized to a
single product (E isomer) if desired, or they can be purified separately and stored in their

solid form.
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a) 1) PhsP-(p-CgH4Cl)* Br', NaHMDS, THF, 0 °C, 30 mins; 2) 36, -78 °C to rt, 15 h, 95%

(as a mixture of E/Z isomers); b) Hy(g), Pd/Ccar), THF, rt, overnight, 99.6%.

Scheme 37 — Synthesis of 43 & 44 from aldehyde 36

To ensure the double bond could be reduced to the alkane for the later steps in an

FTY720 synthesis, 43 was hydrogenated using the classic conditions previously used in

this project of hydrogen over carbon-supported palladium. Unlike the propyl analog 37,

both the Z and E isomers of 43 underwent hydrogenation (44, Scheme 37). Radical

fragmentation of 43 to 45, as was done previously with alcohol 2 to give oxazolidinone 3

(Scheme 6), was not successful as only starting material remained, as tested by TLC

(Scheme 38). Unfortunately, the 4-chlorophenyl THAM-derivative lacks a sufficient level

of reactivity to do many types of coupling reactions, so a similar 4-bromophenyl

derivative was synthesized.
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2 1
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PhCI, 70 °C
43-Z/43-E Cl 45

Scheme 38 — Radical fragmentation of 43

Triethyl(4-bromophenyl)phosphonium bromide was used in a Wittig reaction
under similar reaction conditions as the 4-chlorophenyl derivative 43 to give the 4-
bromophenyl-THAM derivative 46, again as a mixture of four isomers with a marginally
lower vyield (E/Z & cis/trans, Scheme 39). Cross-coupling reactions to add functional
groups to the phenyl ring of 46 via the bromine have thus far been unsuccessful. A
Sonogashira coupling using a palladium (11) catalyst with copper (1) iodide has yet to
form any product as tested by TLC and 'H NMR, using either 1-hexyne or

phenylacetylene (47 & 48 respectively, Scheme 39).

o
0 J<
HNko
a
+
(&OO @ w@ \\”’J
o NPy
36 46-Z/46-E = 47: R = Cafly
r -
R 48: R = Ph

a) 1) Et3P(p-CgH4Br)* Br, NaHMDS, THF, 0 °C, 2 h; 2) 36, -78 °C to rt, 20 h, 72% (as a
mixture of E/Z isomers); b) Pd(PPh3)scat), Cul(caty, R-C=C-H, EtzN, THF, rt, overnight.

Scheme 39 — Synthesis of 46 and subsequent cross-coupling reactions
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Further investigations into troubleshooting the Sonogoashira coupling reaction for
attaching the alkyl chain directly to the THAM scaffold for an FTY720 analog or novel
FTY720 synthesis were abandoned. It may have been a possibility to attach the alkyl tail
to the phenyl ring prior to its use in a Wittig reaction with the aldehyde-THAM
derivative, but a previous synthesis of FTY720 reported the use of a Sonogashira
coupling for the main attachment of the alkyl chain to the polar-head, thus making
investigations down this avenue feckless.> To steer the synthesis in a more novel
direction, one that would require milder reaction conditions, as well as avoided
homogeneous metals for catalysts; thus we considered using a Wittig reaction for the

joining of the polar head and non-polar tail.
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FTY720 Total Synthesis:

As THAM possessed a significant resemblance to the polar head of FTY720, we
envisioned developing a novel synthetic route to this multi-purpose medication. FTY720
can be separated into its base elements retrosynthetically (Scheme 40), which are a polar
head (36) and a non-polar tail (50). These two groups, 36 & 50, within the convergent
synthesis can be joined through the use of an aqueous Wittig reaction that has been
previously reported by the McNulty group, to create 49, which is only 2 synthetic steps
away from FTY720.*°

Traditionally, a Wittig reaction was carried out under anhydrous conditions lest
the phosphorus ylide act as a base and simply deprotonate the water (or any acidic proton
within the reaction).”®" In addition, a traditional Wittig reaction generally favours the Z
configuration of an alkene if an unstabilized phosphorane substrate was being used.**’
Purification for a traditional Wittig reaction also generally requires silica column
chromatography due to the triphenylphosphine oxide side-product that was formed in an
equimolar amount to the product. A further drawback of this anhydrous method was the
requirement of a stronger base, such as an alkyl/aryl lithium, LDA, or a
bis(trimethylsilyl)amide-based base: these bases are more difficult to handle and can be
dangerous when a reaction is scaled up. As a consequence of using such a strong base, it
is not uncommon to require the use of protecting groups on either the phosphorus salt or
aldehyde as any acidic protons will be removed after addition of the base. Even if cost

was not a concern, removal of an acidic proton elsewhere in the reaction could be
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problematic; the deprotonation could potentially cause an intramolecular reaction with the
newly-formed anion and another functional group that is present.

Research has been conducted into obtaining a higher proportion of the E alkene in
lieu of the Z alkene from a Wittig reaction. The Schlosser modification is one method in
which an additional equivalent of base is added to the reaction mixture after formation of
the oxaphosphetane intermediate.*® However, the drawback to this Wittig modification is
that the reaction must still be performed under anhydrous conditions, in much the same
way as the parent Wittig reaction. Another method is through a Peterson olefination or a
Julia olefination, but these too would require anhydrous conditions.***%

Recently the McNulty group has developed a method to perform the Wittig
reaction under aqueous conditions using a milder base than traditional methods and which
favors the E configuration of the alkene.’**!**®? The reaction is run in water and can be
performed without the use of protecting groups on acidic protons, such as the N-H proton
found on a carbamate or the O-H proton found on an alcohol.’®® Purification is also
simplified in some cases as the resulting alkene can be filtered off from the water as the
by-products (alkyl phosphonium salt, alkyl phosphine oxide, as well as base) are all
water-soluble.

Continuing the retrosynthetic analysis, the polar head 36 has been synthesized
previously from alcohol 2 via a Swern oxidation to render the aldehyde as a mixture of
two isomers (cis/trans, Scheme 30).** Separation of these isomers is not required as the
removal of the benzylidene protecting group in the final step to render FTY720 will

remove this stereocenter. The phosphonium salt 50 can be synthesized from 4-
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methylhydroxybenzaldehyde (51) through treatment with a trialkylphosphine
hydrobromide salt (e.g. triisobutylphosphine hydrobromide). As the creation of FTY720
using this synthesis is modular, synthesis of analogs of FTY720 can be accommodated
using this method. This research has been published by the McNulty group with myself as

first author in Tetrahedron Letters (2011)."**
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Scheme 40 — Retrosynthesis of FTY720
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The first step for this total synthesis was a literature procedure of a mono-
reduction of terephthaldehyde using sodium borohydride in ethanol, which can be
performed on the gram scale, to afford 4-(hydroxymethyl)benzaldehyde (51).*** As there
was a delay in the acquisition of 1-bromoheptane, 1-bromohexane was substituted for a
trial reaction. Triphenylhexylphosphonium bromide was synthesized from 1-
bromohexane and triphenylphoshine under traditional literature conditions (toluene,
Nalcay, reflux) to give triphenylhexylphosphonium bromide. Linker-aldehyde 51 was
then reacted with triphenylhexylphosphonium bromide in a traditional Wittig reaction to
afford 52 as primarily (>95%) the expected E isomer with good yields (Scheme 41).

Traditionally, the phosphonium salt 53 would have been synthesized from the
benzyl bromide precursor. However, recent work performed by Dr. Das of the McNulty
group showed that general benzyl phosphonium salts can be made directly from the
alcohol without the need to go through the bromide intermediate. %! Therefore, as a
result the phosphonium salt 53 can be made from the benzyl alcohol derivative or the
benzyl bromide precursor. As the alcohol precursor 52 was easier and faster to synthesize
(required one fewer synthetic step), was safer to handle (benzyl bromides are often
lachrymators, skin irritants, and toxic), and degraded less during storage, it was chosen as

the precursor to for 53.
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a) 1) PhaP-CgH45"Br, NaHMDS, 0 °C, THF, 1.5 h; 2) 51, -78 °C to rt, 19.5 h, 87%;
b) (Et)sPH* CI', 110 °C, 18 h, (-H,0), 94%:; c) K,CO3, H,0, MW, 70 °C, 30 mins,
37%; d) Ha(g), Pd/C (10%), THF, t, 42 h, 97%.

Scheme 41 — Synthesis of 53, 54, & 55

Benzyl alcohol 52 was then converted to the phosphonium salt 53 via an Sy2
reaction by heating the alcohol neat with triisobutylphosphine hydrobromide (Scheme
41). After monitoring the reaction by *'P NMR, purification was obtained via drying over
Na,SO,4 to remove the water by-product. These phosphonium salts can be purified further
through an aqueous workup, but for this trial synthetic route the salt was used without
further purification. The trialkyl phosphonium salt 53 was reacted with aldehyde 36 under

aqueous Wittig conditions using K,COj3 as the base, to afford 54 as a mixture of isomers
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(Scheme 41). The alkene was hydrogenated under typical conditions of Pd/C and Hy( to
afford 55 as a mixture of two isomers (cis/trans, Scheme 41).

After the simple proof-of-concept was performed with the heptyl-chain derivative
and deemed successful, the target-based synthesis of FTY720 began. Alcohol 51 was
reacted in a traditional Wittig reaction with triphenylheptylphosphonium bromide
(synthesized from triphenylphosphine and 1-bromoheptane) and NaHMDS to give 56 as a
90:10 mixture of Z/E isomers (Scheme 42), similar to 52. The ratio of the olefinic isomers
did not need to be controlled during formation, nor did they need to be separated during
purification as the alkene would be reduced in a later step to render one isomer of the

alkane.
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a) 1) PhsP-C;H 5" Br, NaHMDS, 0 °C, THF, 1.5 h; 2) 51, -78 °C to rt, 19.5 h, 85%;
b) (iBU)3PH+ Br7, 110 °C, overnight, (-H50), 99.7%; c) K,COs3, H,O, MW, 70 °C,
30 mins, 76%.

Scheme 42 — Formation of FTY720 precursors 49 & 50
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The benzyl alcohol derivative 56 was reacted with triisobutylphosphine
hydrobromide neat with traditional heating via an Sy2 mechanism to afford the
phosphonium salt 50 in near quantitative yields, and this was used as-is with no additional
purification beyond removal of the water over Na,; SO, (Scheme 42).

Utilizing the same aqueous Wittig reaction that has been previously developed by

the McNulty group™®®

, the non-polar tail segment 50 was attached to the polar head group
36 (Scheme 42). In this example, the aqueous Wittig was performed under basic aqueous
conditions (K.CO3 in H,0), joining 36 and 50 together with microwave heating at 70 °C
for approximately 30 minutes to afford 49 as a mixture of isomers. Although the Wittig
reaction was also performed using traditional heating methods, the yield suffered slightly
(64% vs. 76% for microwave heating) and the reaction itself took longer, making
traditional thermal heating a less desirable method as opposed to microwave heating. The
spectra obtained for 49 were complicated due to the large number of isomers present
(E/Z, E/Z, cisltrans, for a total of up to 2° or 8 unique isomers), therefore total assignment
of the 'H & *C NMR spectra were not performed. Separation of the isomers was also not
carried out as the separation would be problematic due to the similarity of R; values, as
well as acquisition of pure samples of each isomer is not a requirement for the synthesis
as the isomers are to be removed in the final steps towards achiral FTY720.

The alkene groups of 49 were hydrogenated to alkanes using Hyg) over Pd/C to
afford 57 as a mixture of two isomers (cis/trans, Scheme 43). While the hydrogenation

was a seemingly simple and straightforward synthetic step which has been successful

throughout this project, issues quickly arose with this reduction of 57 possibly due to
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phosphorous contaminants remaining from the previous Wittig step poisoning the
palladium catalyst. Once these set-backs were resolved the reduction proceeded smoothly
to the hydrogenated analog 57. This specific reduction had the added benefit that it can be
monitored almost entirely by UV light by illuminating the flask at 354 nm. The starting
material (49) fluoresced under long-wave UV light whereas the product (57) is UV-
inactive at this wavelength, therefore the reduction was easily monitored as once the
reaction ceased to glow with exposure to 354 nm light the reaction was judged to be

complete.

OJ< O
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NH,

HO
HO

FTY720

a) Hz(g), Pd/C(Cat), THF, rt, overnight; b) HCI, DCM:MeOH, rt, overnight, 92%
over both steps.

Scheme 43 — Hydrogenation and deprotection of 49 to afford FTY720
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Addition of acid to remove both Boc and benzylidene protecting groups in the
same step as the hydrogenation failed, generating a varying mixture of products. This
unsuccessful deprotection was likely caused by the protecting groups of 49 being cleaved
prior to the hydrogenation reducing the double bonds, and the subsequent intermediates
then precipitating out of solution due to solubility constraints and not being physically
available to react with the H,/Pd. Increasing the polarity of the solvent to better tolerate a
diol and amine, thus performing the hydrogenation in a methanol-based solvent system,
also failed as the Pd/C catalyst aggregated into small pockets/beads within the reaction
mixture, preventing the active sites on the catalyst from making sufficient contact with
the reagents. As a result the hydrogenation was performed as a separate reaction from the
removal of the protecting groups.

The final step of the synthesis is removal of both the Boc and Bz protecting
groups on 57, which was achieved cleanly through the use of HClq in @ MeOH:DCM
solvent mix to afford FTY720 as the hydrochloride salt, as determined by ‘H NMR
(Scheme 43). To verify the formation of FTY720, a sample of FTY720HCI was worked
up using NaOH, followed by silica column chromatography using 10:1 DCM:MeOH
doped with 1% NH,4OH to afford the free base. The spectra corresponding to the free base
was in good agreement with the literature (see experimental for 'H & *C NMR
spectrums)®. The overall yield of this novel synthesis of FTY720 from THAM was 39%.

This novel double-Wittig based FTY720 synthesis has some distinguishing
benefits over previous syntheses that have been reported. If the synthesis of FTY720

analogs using this approach was desired, the modular nature of this synthetic pathway
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makes it amenable to derivatization: an alternate alkyl bromide in place of 1-
bromoheptane can be used to render different chain lengths or to attach functional groups,
or a different linker alcohol-aldehyde can be used in lieu of 51 if anything more complex
than a benzene ring is desired. The amine/diol-protected version 57 would also have
benefits previously not seen in all FTY720 syntheses, such as selective removal of only
one protecting group, either the Boc or benzylidene group, or DIBAL reduction of the
benzylidene group to an O-benzyl and alcohol, either of which could allow for future
manipulation of FTY720 analogs. As a result, this novel FTY720 synthesis was not only
succinct, it was also highly modular to allow for the synthesis of analogs, as well as
amenable to the concept of scaling up to allow for its potential use on a more industrial

scale.
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Fragmented FTY720 Analogs:

As mentioned previously within this thesis, chiral FTY720-P derivatives have
received a lot of interest in the literature lately, with separation of its two enantiomers
being performed in a variety of ways. Specifically pertinent to this project, an alcohol and
the amine could have been incorporated within an oxazolidinone ring for a double
protection, then following phosphorylation of the remaining alcohol the two enantiomers
can be separated.®” An expedited synthesis of the oxazolidinone phosphate would have
involved straight conversion of an FTY720 precursor to an oxazolidinone ring. Creation
of this oxazolidinone ring thus could have been accomplished by having used the radical
fragmentation previously researched by the McNulty group (Scheme 6). A potential
drawback to this method of oxazolidinone ring formation was that there was more than
one easily-abstracted hydrogen present in this specific substrate. While the benzylic
hydrogen on 57 (blue, Figure 26) was the most readily abstracted, there were four (two
sets of two geminal hydrogens each) benzylic hydrogens (purple and green, Figure 26)
that could have also reacted NBS. As a result, there were 2°, or 32, possible products that

could have resulted from this reaction.
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Figure 26 — Abstractable hydrogens on 57

Precursor 57 was treated with 1.8eq of NBS and 0.12 eq of BPO in chlorobenzene
at 70 °C for several hours, similar to the fragmentation conditions that were applied to
alcohol 2 (Scheme 44). After a TLC verified the presence of starting material present, an
additional 1 eq of NBS and 0.09 eq of BPO were added to carry the reaction to
completion. After workup, the only isolated product was oxazolidinone 58. While the
yield was not ideal, the previous method in use had only a 70% yield, and one must take
into account the deprotection steps required between the FTY720 precursor which hover
around 92-96%>*%!, which made the actual yield of the oxazolidinone formation reaction
as low as 64%. This novel method of creating an FTY720 oxazolidinone has not been
discussed within the literature, and after the requisite optimization, this process may be

able to replace the methods currently used.
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Scheme 44 — Synthesis of oxazolidinone FTY720 derivative 58

7 57
a) NBS, BPO(cy), 70 °C, 3 h, 54%
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FTY720 UV-Active Analogs:

Since this project began, FTY720 has passed phase 111 clinical trials and has since
been marketed as a medication for the treatment of MS. Although much knowledge has
been amassed on the mode of action of this drug from the X-ray crystal structure of bound
S1P receptors, more information can be extracted if FTY720 could be traced in vivo
through its course of action, as well as any derivatives that are biosynthesized in the
process.'® One method to obtain this information would be radiolabelling of FTY720 or
FTY720-P with a radioactive isotope of an element, such as *H (tritium), **C, or
$3p 9092186 Ha\vever, radiolabelling FTY720 poses a concern over the medical safety as
the use of tritiated-derivatives on humans or animals requires receiving ethics approval,
which may prove problematic. Mice may be used in lieu of humans for the tritiated
experiments, but ideally an experiment would be designed to track the drug pathways in
humans.*21¢’

While there are known health concerns with the tritiated FTY720 analogs, the
issues with bringing this idea to fruition run deeper. Synthesis of the tritiated analogs
would be difficult as now the radioactive analogs not only have a half-life, but require
expensive tritium and complex shipping methods. Additionally, the *H-labelled precursor
required for the synthesis may not be commercially available. Even after acquisition of
the tritiated starting materials, synthesis of the radioactive analogs is far from trivial as it
requires highly-trained chemists and expensive starting materials. Storage, handling,
cleaning, and general usage of radioactive compounds further requires more paperwork

and facilities to meet standards, complicating the entire endeavour. Assuming all other
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hurdles are overcome, once the tritiated material is used in vivo, expensive scintillation
counters are required to measure the radiation emitted by the sample.’®® Because of all
these drawbacks, a more practical approach for tracking FTY720 would be the synthesis
of UV-active FTY720 analogs that could be monitored by UV light instead of radiation
emission. Unlike *H-FTY720, a different structure would be required as FTY720 is not
inherently UV-active at long wavelengths. Therefore, research into viable UV-active
analogs is of interest to our group.

There were a number of possibilities for structures of the UV-active FTY720
analogs. The first possibility lay in the deprotected FTY720 precursor 49, previously
synthesized in the McNulty lab, which had already been shown to exhibit UV absorption
(59, Figure 27).*! The second and third possibilities would have been to have the analogs
synthesized with a stilbene backbone, mimicking the long-tail alkyl portion of FTY720.
An unsaturated propyl tail attached to the rear end of the tail would have been ideal, such
as 60 (seen in the overlay in red on Figure 27, with black being FTY720). A simplified
backbone possessing only a stilbene (61) might have potentially been as, or more, active
than 60, but it required fewer synthetic steps for its synthesis and thus was an attractive
option. Previous stilbenes synthesized by the McNulty lab have been shown to be highly

UV active, thus examples such as 60 and 61 should have retained their UV activity.*®®

103



Ph.D. Dissertation — J. Calzavara; McMaster University — Chemistry

NH,
OH
\/\/\/\/©/\/bo/H
FTY720
NH,

ADWO”
DN NN OH

UV-Active FTY720 59

NH,
O N OH
O N OH

Stilbene-based Uv-Active FTY720
Analog 60

Stilbene-Based UV-Active FTY720 Analog 61
(in red below)

/
,
/
/]
: ¥

N

Overlay

Figure 27— UV-active FTY720 Analogs

Synthesis of UV-active FTY720 analog 59 involves a theoretically straight-

forward deprotection of the precursor 49 using H,SO4 in MeOH/DCM (Scheme 45).

However, 49 failed to tolerate the treatment of acid well, resulting in the poor yield of

18% for the ‘simple’ removal of protecting groups. 59 also bore grease-like properties,

causing streaking during silica column chromatography purification, which also affected

the yield negatively. Due to all the drawbacks, this avenue was not developed further and

our interests were diverted towards a stilbene-based analog.
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5
a) H,SO4 (30% in MeOH) MeOH:DCM (1:1), rt, 5.5 h, 18%.

o)
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59
Scheme 45 — Synthesis of UV-active FTY720 analog 59

FTY720 derivatives which had a stilbene backbone in lieu of a long-chain alkyl
group were investigated next. To facilitate this, methyl-hydroxy stilbene 62 was
synthesized as per the literature from 4-hydroxymethyl benzaldehyde (51) and
triethylbenzylphosphine hydrobromide using an aqueous Wittig reaction (Scheme 46).'%
The double-bond geometry of 62 was >95% E, reducing the number of isomers for later
compounds, as compared to previous FTY720 precursors (e.g. 52 & 56). Care needed to
be taken with the handling and storage of these stilbene samples as the alkene could have

isomerized from E to Z upon exposure to light.'**'"
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a) EtzP-HCI, K,CO3, H,0, 100°C, 12 h, 84%; b) Et;P-HCI, 110 °C, 27 h, 79-97%;
¢) KoCO3, H,O, MW, 70 °C, 35 mins, 75%.
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Scheme 46 — Synthesis of stilbene FTY720 analog precursor 64

Conversion of the alcohol of 62 to a phosphonium salt via triethylphosphine
hydrochloride afforded trialkyl phosphonium salt 63 in good yields (Scheme 46).
Purification of phosphonium salt 63 was carried out through sequential aqueous
extractions, with removal of the alcohol impurity 62 through an EtOAc wash, followed by
procurement of the product 63 via multiple DCM washes. However, as the structure of
phosphonium salt 63 resembled a surfactant, the result was some loss of product through
emulsification of the aqueous and organic layers during the work-up/purification. While it

was manageable for this analog through the addition of solid NaCl during the water/DCM
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washes, this emulsification problem became a more severe complication in later
derivatives.

An aqueous Wittig reaction was used to fuse the phosphonium salt 63 and
previously synthesized aldehyde 36 to yield 64 as a mixture of two major isomers
(Scheme 46). Although separation of the spots was visible by TLC, the R¢ values were too
similar to allow for separate elution by silica column chromatography. During
purification, one of the major isomers of 64 crystallized from the solution; however, these
crystals were too fine to obtain an accurate melting point as of yet and only enough
product was obtained for biological testing purposes.

Product 64 was treated under similar conditions to FTY720, HCI in MeOH/DCM
with a 10% NaOH workup to avoid forming the salt, to give 60 (Scheme 47). The yield
(61%) was lower than that of FTY720 (92%), likely due to the same issues that were
encountered with the deprotection of FTY720 precursor 49. In an attempt to potentially
avoid these complications, treatment with TMS-CI, followed by a basic workup, was used
to remove the Boc and Benzylidene protecting groups, without the use of a harsh acid.
This method was tested on 64, and while initial TLC results seemed promising, upon
further purification using silica column chromatography no discernible product could be

isolated.
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a) 1) HCI (37% in H,0), DCM:MeOH, rt, 17 h; 2) NaOH (10% in H,0), 61%.

Scheme 47 — Synthesis of stilbene FTY720 analog 60

Alternately, the benzylidene group of 64 can be opened to an alcohol and O-

benzyl group using DIBAL with the intent of differentiating the alcohols. On FTY720-P,

one alcohol is capped with a moderately polar phosphate functional group, which may be

mimicked by an O-benzyl protecting group. The benzylidene reduction was carried out

with excess DIBAL to afford 65 (Scheme 48). This reaction, while generally trivial, was

more complicated than normal as there were many coordination sites for the aluminum,

resulting in requiring an excess of DIBAL and a less than ideal yield.

a) DIBAL, DCM, 0 °C to rt, 18 h, 43%.

Scheme 48 — DIBAL reduction of 64 to 65
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The absorbance regions for diol 60 and O-benzyl 65 were scanned first (Tables 2
& 3 respectively, Figure 28). Both samples were diluted in methanol, to the concentration
of 4.06 x 10™ M for diol 60, and 8.24 x 10° M for O-benzyl 65. Both 60 and 65 had two
similar Amax values, but varying molar extinction coefficient (g) values (Tables 2 & 3).
Diol 60 absorbed at 205.6 nm and 327.6 nm, with € values of 10,830 at 327.6 nm and
4,603 at 231.1 nm. The O-benzyl analog 65 absorbed at the similar wavelengths of 207.0
nm and 326.9 nm, with ¢ values of 45,648 at 326.9 nm and 17,604 at 232.0 nm.

Therefore, the O-benzyl analog 65 was more capable of absorbing light than diol 60.

Table 2 — Absorbance Data for Diol 60

nm Abs. L (cm) = Conc. [mol/L] £
231.1 0.187 1.0 4.063x10%° 4603
327.6 0.440 1.0 4.063x10% 10830

Table 3 — Absorbance Data for O-Benzyl 65

nm Abs. L (cm) = Conc. [mol/L] g
232.0 0.145 1.0 8.237 x 10% 17604
326.9 0.376 1.0 8.237 x 10% 45648

Abs. = Absorbance, L = length of cell, € = molar extinction coefficient
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Figure 28 — Diol 60 (left) and O-Benzyl 65 (right) irradiated at 365 nm

Compounds 60 and 65 both fluoresced at two wavelengths, approximately 230 nm
and approximately 327 nm (Tables 4 & 5). At both excitation wavelengths there were two
fluorescent regions, generally around 370 nm, and another at 750 nm. However, the peaks
found at approximately 700 nm were indicative of second order diffraction; therefore,
these peaks are likely artifacts of the instrument, and not directly caused by the sample.

While both compounds fluoresced, O-benzyl 65 was more fluorescent than diol
60. At the higher excitation wavelength 327 nm, both 60 and 65 emitted around 377 nm,
but O-benzyl 65 emitted with a higher intensity. However, both of these compounds
proved to be viable candidates for future fluorescence testing, with respect to their ability

to absorb and emit light.
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Table 4 — Fluorescence Data for Diol 60

Excitation (nm) | SW.Ex (nm) | SW.Em (nm) | Amax (hm) | Intensity

231.1 2.5 2.5 377 286
10 5 629 116

10 5 653 132

10 5 717 253

10 5} 750 246

327.6 2.5 2.5 379 255
5 5 718 307

5 5 753 346

Table 5 — Fluorescence Data for O-Benzyl 65
Excitation (nm) | SW. Ex (nm) | SW.Em (nm) | Ama (nm) | Intensity

232.0 5 2.5 359 317
5 2.5 377 379

10 5 622 127

10 5 655 136

10 5 717 347

10 5 754 319

326.9 2.5 2.5 361 261
2.5 2.5 378 356

5 5 718 464

5 5 754 481

S.W. Ex = Excitation Slit Width, S.W. Em = Emission Slit Width

The synthesis for the alkyl-chain analog of 60 began by adding a propene tail to
the linker aldehyde 51 using a traditional anhydrous Wittig reaction, giving 66 with an
E/Z ratio of 1.75:1 (Scheme 49). As a repercussion of this far from optimal E:Z ratio, the
NMR spectra were very complex and difficult to assign. Alcohol 66 was converted into a

trialkyl phosphonium salt using triethylphosphine hydrobromide under similar conditions
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as used in previous analogs (67, Scheme 49). The trialkyl phosphonium salt 67 was
reacted with linker aldehyde 51 in an aqueous Wittig reaction to give hydroxymethyl

stilbene 68, again as a mixture of isomers (Scheme 49).

a) 1) EtsP-Et* Br-, "BuLi, THF, 0 °C, 30 mins; 2) 51, THF, - 78°C, 6.5 h, 85%;
b) EtzP-HCI, 110 °C, 17 h, 77%; c) 51, K,CO3, H,O, MW, 30 mins, 100 °C,
99%; d) EtzP-HCI, traditional 110 °C for 17 h, MW 100-120 °C for 3.25 h, 79%.

Scheme 49 — Synthesis of phosphonium Salt 69

Stilbene 68, as with the previous stilbenes, was converted to the triethyl
phosphonium salt 69 using triphenylphosphine hydrochloride (Scheme 49). As expected,
purification of 69 was very difficult and problematic due to the surfactant-like nature of
the salt. The general workup followed for this type of reaction was dissolving the crude
mixture in water, extracting the alcohol/organic impurities with EtOAc (to be discarded),
followed by multiple extractions of the product with copious rounds of DCM. This

specific derivative though was more surfactant-like than usual (the polar side being the
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phosphorus salt, and the stilbene tail acting as the non-polar region), causing the issue of
emulsification of the aqueous and organic layers. Addition of brine during the EtOAC
wash was of marginal help separating the layers, even after addition of less polar solvents
such as Et,0 and hexanes. Solid NaCl was more useful for separating the layers until the
DCM wash portion of the procedure, where emulsification again became an issue. These
issues caused the yield for this reaction to suffer.

Stilbene-THAM derivative 70 was synthesized in an aqueous Wittig reaction
using THAM aldehyde 36 and stilbene phosphonium salt 69 (Scheme 50). Purification of
stilbene-FTY720 analog 70 was more difficult than similar derivative 64 as the
complication was likely caused by the longer, more lipophilic tail. Analysis of the NMR
spectra was also more of a predicament than was found with 64 as 70 has double the
number of isomers due to the propene tail. As was seen previously during the experiment,
an emulsification of the layers during the workup of the Wittig reaction occurred,
negatively affecting the yields. Solid NaCl was once again employed to potentially avoid

this hindrance, but with limited success.
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a) K,CO3, H,O, MW, 100 °C, 20 mins, 46%; b) H,SO,, MeOH,
DCM, no rxn.

Scheme 50 — Synthesis of propene-stilbene FTY720 analog 61

An attempt was made to remove the Boc and Bz protecting groups of 70 under
treatment with acid, conditions similar to those used for FTY720 and stilbene-FTY720
previously (Scheme 50). While the reaction seemed promising by TLC, purification of 61
via silica column chromatography proved to be impossible as the product streaked heavily
through the column (as traced by following the bands of the column by UV light and
monitoring the fractions collected by TLC), and no discernible product could be isolated.
An LH20 sephadex column was then utilized with the intent of exploiting the size of the
molecule to separate the mixture as opposed to the traditional adsorption properties used
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for silica column chromatography. This procedure ultimately failed as well, resulting in
not being able to isolate 61, and therefore not perform any biological testing on it.

While the propyl derivative 61 was never successfully isolated, compounds 60 and
65 were a good starting point to investigate the biological activities of UV-active FTY720
analogs. Should 60 or 65 have appreciable biological activity more effort can be invested
into synthesizing 61, but the propyl tail may not be relevant and by not including its
addition two synthetic steps (synthesis of linker aldehyde 51 and benzyl alcohol 66) can

be avoided.
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Aromatase Inhibitors:

As mentioned previously, work performed by fellow group members within the
McNulty group has focused around synthesizing targets for selective inhibition of
aromatase (CYP450 19A1).** Recently published were the two compounds syn-alcohol
and anti-acetate with K; values of 0.05uM and 0.06uM respectively (Figure 19). It was
thought that a THAM derivative might mimic the basic backbone of several aryl rings
surrounding a polar group and therefore possess aromatase inhibition properties.

The previously synthesized aldehyde derivative of THAM (36) was reacted with
the Grignard reagent phenylmagnesium iodide in Et,O to afford 71 as a mixture of four
isomers (R/S & cis/trans, Scheme 51). Fortunately, there was no evidence of the Grignard
reagent reacting with the carbonyl of the N-Boc group, suggesting that an oxazolidinone
ring may also be compatible with a Grignard reagent as it has similar electronic properties
to a Boc group. The alcohol 71 can be treated with NBS under fragmentation conditions
to yield 72, where both the oxazolidinone ring rearrangement occurs, as well as oxidation
of the benzyl alcohol to the benzyl ketone (Scheme 51). While maintaining the alcohol
from 72 would have better resembled the aromatase inhibitors recently published,
biological testing of 72 may be promising as activity was found with the anti-acetate

derivative, suggesting that an alcohol is not a requirement for biological activity.
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a) PhMgl, Et,0, 0°C, t, 1.75 h, 82%; b) NBS, BPO|cay, PhCI, 70 °C, 2 h, 65%.

Scheme 51 — Synthesis of potential aromatase inhibitors 71 & 72

To allow for modular derivatization of analogs of 71 or 72, a functionalized
phenyl group could be used in place of iodobenzene in the Grignard reaction. The first
type of functionalized phenyl group attempted was 4,4’-dibromobiphenyl, but due to
solubility issues with 4,4’-dibromobiphenyl in THF or Et,O, this substrate was
abandoned. 4-Chlorobromobenzene was subsequently attempted for the synthesis of the
Grignard reagent, which when reacted with aldehyde 36 afforded 73 (Scheme 52). The
chloro derivative 73 was fragmented in the same fashion as 71, in part to simplify the *H
NMR of 74 to ensure its construction (Scheme 52). The radical fragmentation gave 74,
with retention of the chlorine atom. If this reaction were to be carried out in the future,
1,4-dibromobenzene would be preferred over 4-chlorobromobenzene as the bromo

derivative of 73 or 74 would react more prolifically in substitution reactions.
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a) 4-CIPhMgl, THF, 0 °C, 2 h, rt, 49%; b) NBS, BPOc,t), PhCI, 70 °C, 6 h, 78%

Scheme 52 — Synthesis of chloro-derivatives 73 & 74

An alkyl-chain aryl derivative version of 71 was synthesized to investigate the
scope of possibilities on the THAM scaffold. 4-(oct-1-enyl)-bromobenzene (75) was
synthesized from triphenylheptylphosphonium bromide and 4-bromobenzaldehyde as per
literature procedure (Z:E ratio 9:1, Scheme 53).}"*'"? This alkyl-phenyl halide was
converted to the Grignard reagent using Mg® in THF. The newly-formed Grignard reagent
was reacted with aldehyde 39 to give 76 as an inseparable mixture of 8 isomers (E/Z, R/S,

cis/trans, Scheme 53).
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a) Ph3P-C,H,s* Brr, NaHMDS, THF, -78 °C to rt, 2 h, 69%; b) 1) 75, Mg®, THF, 60 °C, 1 h; 2)
36, THF, 0 °C to rt, 2 h, 45%; ¢) Hy(g), P/C (10%), THF, rt, 21 h, 77%.

Scheme 53 — Synthesis of aryl-alkyl derivatives 76 & 77

The alkene of product 76 was reduced to an alkane so that the compound would
closer mimic FTY720 derivatives, as well as elicit a simplified NMR spectrum for the
purposes of full characterization. Pd/C with Hpg) in THF gave 77 as a product of two
cis/trans isomers as expected (Scheme 53). Separation of the two cis/trans isomers or
removal of the Boc/Bz protecting groups has yet to be performed, but these tasks may be
carried out in the future to enlarge the FTY720 and sphingosine chemical library,

depending on preliminary biological testing.
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Biological Testing:

Anti-Melanoma and Anti-MCF-7 Breast Cancer Cells:

Compounds 3, 13, and 40 were tested against MCF-7 breast cancer cells,
melanoma cells, and NHF cells at The University of Windsor by Ms. Pamela Ovadje, a
senior thesis student working in the laboratory of Dr. Siyaram Pandey. Tested against
melanoma cells, alcohol 3, tosylate 13, and triazole 40, all showed activity, however,
tosylate 13 showed the greatest decrease of live cells with respect to a control (Graph 1).
The conspicuous lack of dead cells signifies that compound 13 inhibits the growth of new

cells rather than inducing apoptosis in currently living cells.
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Graph 1- Dose-dependent effects of compounds 3, 13, and 40 on MCF-7 cells
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Graph 2 — Time effects of compounds 13 & 40 on MCF-7 cells
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Graph 3 — Time effects of compounds 13 & 40 on NHF cells
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Compounds 3, 13, and 40 were also tested against MCF-7 cells (Graph 2).
Triazole 40 showed more retardation of MCF-7 cell growth; however, 13 affected NHF,

or normal human cells, less (Graph 3), making it a better lead drug candidate.

Anti-Parasite Activity:

Biological testing of THAM-derivatives was performed by Dr. Brando at Johns
Hopkins University, specifically against toxoplasma-infected cells and uninfected human
cells (Table 6). The McNulty library of compounds was tested, some of which are derived
from THAM, and the compound’s suitability for being a lead drug candidate was
calculated by taking the toxicity data against toxoplasma-infected cells (% Toxo. Inhib.)
and subtracting the cytotoxicity to healthy cells (% Cytotox.) to generate a Specific
Activity (Spec. Act.) value (Table 6, out of 100, closer to 100 the more suitable the

candidate).
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Table 6 — Biological Data for Toxoplasma gondii inhibitors
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Aldehyde 36 showed the largest amount of toxicity to the parasite, without
compromising healthy cells. It is unknown at this time which isomer of 36 was more
active, cis or trans, or even whether they were equally active. Separation of the cis and
trans isomers of 36 may be performed in the future depending on ICs, values, but as both
isomers had the same Rt value, they may have to be synthesized from a isomerically-pure
sample of alcohol 2. While having the highest level of toxicity to the parasite, the
concentration of aldehyde 36 tested was two to three times higher than other compounds
listed, thus casting some uncertainty onto its suitability as a lead compound. Before
conclusive deductions can be drawn, and ICsq value would be needed of 36, preferably in
its pure cis or trans form.

The data also suggested interesting findings with respect to the SAR’s. The first
general theme was that only benzylidene analogs had appreciable activity, with the
oxazolidinone series not presenting any significant anti-toxoplasmosis data. With the
benzylidene series, the most active compounds possessed both the benzylidene and N-Boc
protecting groups, as well as a phenyl entity on the final quadrant of THAM. The
compound which showed the next highest Specific Activity after aldehyde 36 was 43-(E).
Activity dropped, while cytotoxicity increased, when comparing the Z and E isomers of
43, with the more stable E isomer being the better drug candidate as it showed lower
toxicity against healthy cells.

With FTY720 derivatives 49 and 54, the activity against toxoplasma-infected cells
stayed fairly constant, while there was a marked increase in cytotoxicity towards

uninfected cells in 49, which differs from 54 by the addition on a single carbon atom on
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the terminal end of the alkyl chain. Reduction of the conjugated double bonds of 54 to
give the alkyl version 55 also altered the toxoplasmosis inhibition, as well as lowering the
cytotoxicity marginally. In comparison, when 49 had the double bonds replaced by
saturated units (57), the activity against the toxoplasma-infected cells dropped
significantly from 93% to 13%. This finding strongly suggested the requirement of a
more rigid backbone or conjugated system to maintain biological activity against the
toxoplasma-infected cells. Interestingly, FTY720 showed strong activity against
toxoplasma-infected cells; fortunately it showed nearly the same activity against healthy,
uninfected cells, marking the need to have the amine and oxygen atoms capped in some
fashion to maintain selective toxicity.

Should further investigations into SAR be performed for this target, ICso values
would be needed, as well as separation of the cis/trans isomers to ensure accurate activity

values were obtained.
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Future Directions:

Triazole FTY720 Analogs:

One of the avenues this project explored, but did not exhaust, is triazole-based
FTY720 analogs. This facet of the project can be approached from either an end-target
viewpoint or library viewpoint. If only the end-target 79 is desired, the synthesis can be
carried out starting from 1-decyne in a Huisgen cycloaddition ‘click’ reaction with azide
14, followed by total deprotection of the protecting groups to afford 79 (Scheme 54).
Because the exact alkyne desired in the final product would be utilized in the reaction,
this synthetic pathway is not amenable to creating a library as for each new analog that

would be desired, the specific alkyne must be purchased and used.

o

o N

)J\ 1-decyne, Cul N P Deprotection N NHy
HN™ ~O yne, Cul, | ﬁgﬁ v \N/\K\OH
l CuOAc N, OBz f oH
N; ~OBz \ N -

N
14 7 78 79

Scheme 54 — Synthesis of triazole-FTY720 analogs 78 & 79

If a library of triazole-FTY720 compounds was desired, then the previously-
synthesized bromo derivative 42 could be reacted with a Gilman reagent to afford 78,
followed by removal of the benzoate and oxazolidinone ring to render 79 (Scheme 55).

The Gilman reagent should be a sufficiently soft nucleophile to preferentially react with
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the alkyl bromide functional group and avoid reacting with the benzoate group or
oxazolidinone ring. Even should a reaction occur between the protecting groups and the
Gilman reagent, this would be acceptable as the protecting groups would be removed in
the next synthetic step regardless. This synthetic method can use a variety of different
Gilman reagents, making this pathway amenable to the synthesis of a triazole-FTY720
analog library. Should the synthesis of the Gilman alkyl cuprate reagent or Gilman
reaction itself continue to be problematic, a Kumada coupling reaction could be run with

a Grignard reagent.'’

While the benzoate group will almost certainly react and be
removed, as was mentioned earlier this would not be an issue as the protecting group
would have been removed via base in the next synthetic step. The oxazolidinone ring
ought not to react with the Grignard reagent as the N-Boc group on 71 was preserved

when in the presence of excess Grignard reagent.

X i
HNC P HNJ&O : NH,
0 Hex,CuLi Deprotection ’/N\N OH

(ol 2 (L, O
N N, OBz \@J OH

\ N ;

w%ﬁ "
Br 7 78

42 &

Scheme 55 — Synthesis of triazole-FTY720 analogs from triazole 42

Depending on the difficulty of opening the oxazolidinone ring, the other option

would be to begin the synthesis prior to the fragmentation through tosylation of alcohol 2
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to 80, followed by conversion to the azide using NaNs (81, Scheme 56). The ‘click’
reaction can then be performed on azide 81 to give triazole 82, which then followed by
the removal of the benzylidene and Boc groups will afford 79 (Scheme 56). The
drawback to this synthetic route is that while the protecting groups are easier to remove,
the oxazolidinone derivative is never prepared, and this compound may be interesting
from a biological-testing viewpoint. Theoretically, 82 could be fragmented in the same
way 57 was fragmented to 58 as it is likely the benzylic proton is more likely to be
abstracted than the proton adjacent to the triazole ring (Scheme 56). If possible, this
fragmentation would re-open the pathway for oxazolidinone rings and further expand our

chemical library.

)
1-Decyne, J< Deprotection
y N:l}l N )J\O Y
, > 7 e}
Oy

82 79

Scheme 56 - Synthesis of triazole-FTY720 analogs from alcohol 2
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UV-Active FTY720 Derivatives:

Depending on the activity found with the UV-active FTY720 analogs, it may be
prudent to isomerize the double bonds within the alkyl tail so that the stereochemistry is
set and only one isomer is present in the sample (Scheme 57). This isomerization has
been attempted before using I, with heat (~80 °C) in methanol or a methanol:DCM mix,
with the understanding that the deprotection of the benzylidene group in the same step
may be unavoidable (83). However, these conditions failed to produce any isomerization
of the double bond or removal of the benzylidene group. If optimization of this reaction
was completed then this approach could be applied to any of the UV-active FTY720

derivatives, including the stilbene analogs (84 & 85, Scheme 27).

NHBoc I,, MeOH, NHBoc
Hy\/© M\/&ORMQ A h >
NN N OH
5 49 5 83
NH, NH,
WOH l,, MeOH, N OH
HO R =
60 84

NHBoc
X

AN HO
65

Scheme 57 — Future isomerization of UV-active FTY720 analogs
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Conclusions:

It has been shown that there are many avenues that can be taken starting from the
readily available and affordable compound THAM. Methodology within this project has
included a novel fragmentation that opened a new pathway into the synthesis of
oxazolidinones. The reaction was probed to determine the mechanism of the
rearrangement, as well as to explore the scope of the reaction. This new rearrangement
approach facilitated the synthesis of oxazolidinone rings for one of the main arteries of
this project, the oxazolidinone library; this approach will continue to be tested for a
plethora of biological applications over the coming years, as it has already shown promise
with anti-parasitic activity with respect to toxoplasmosis.

Another synthetic route to FTY720 via THAM has also been successfully
explored. This novel pathway had added advantages over previous reported procedures:
the precursor is UV active, which simplified the monitoring of the reaction; no
homogeneous metal catalysts were used, which lowered the cost of the synthesis, as well
as made the conditions for the reactions milder; the yields were more reproducible; and an
oxazolidinone ring was synthesized via an intermediate, which saved two synthetic steps
should enantiomeric resolution via the oxazolidinone be desired. Depending on the
biological activity inherent to the UV-active analogs, later testing and development could
be investigated.

In conclusion, it has been shown that THAM was as versatile a starting material as
had been hypothesized. The novel analogs since synthesized will ideally continue to show
biological activity with a wider variety of applications. As well, the novel methods
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towards known compounds will hopefully substitute the currently-used methods due to
their advantages over the previously-known methods. Ideally the unfinished avenues
within the project will continue to be researched, hopefully leading to novel lead

compounds for a multitude of purposes in the future.
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Experimental:

General:

‘Flame-dried’ implies the flask drying was performed under high vacuum with a Meker-
Fisher burner unless otherwise stated. All chemicals were used, as-is, from supplier, with
exceptions being: DCM, triethylamine (TEA), N,N-diisopropylethylamine (DIPEA),
lutidine, and tetramethyl ethylenediamine (TMEDA) were distilled over CaH,; THF,
toluene, and 1,4-dioxane were distilled over Na°’ in the presence of benzophenone
indicator; benzaldehyde dimethyl acetal and acetic anhydride were distilled over Na;SOy;
chlorobenzene and bromobenzene were distilled over CaCl,; morpholine were distilled
over MgSQO,, dry DMF was from a solvent system, and N, gas was dried over Drierite©
(97% CaSOQy,, 3% CoCl,). Triisobutylphosphine and triethylphosphine was obtained from
Cytec Canada Inc. and converted to their HBr or HCI salts using a literature protocol.**®

'H, Bc, and 3P NMR spectra were aquired on a 600 MHz Bruker NMR spectrometer
with chemical shift values given in parts per million (ppm) and IRs were run on a Nicolet
510 FT-IR spectrometer with chemical shift values given in cm™ unless otherwise stated.
Mass spectra were run on a Micromass Quattro Ultima spectrometer fitted with a direct
injection probe (DIP) with ionization energy set at 70 eV and HRMS (EI) were performed
with a Micromass Q-TOF Ultima spectrometer. UV absorbance was measured on a Cary
50 UV-visible spectrophotometer, and fluorescence was measured on a Cary Eclipse
fluorescence spectrophotometer. TLC’s were run using Macherey-Nagel aluminum- or
plastic-backed plates. Melting points were obtained on an Electronic Research Associates

Inc. melting point apparatus and have been corrected against an external calibrant.
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Synthesis of Compounds:

5-hydroxymethyl-5-(tert-butoxycarbonylamino)-propyl-1,3-benzylidene acetal (2):**

Tris(hydroxymethyl)aminomethane (THAM, 3.210 g, 26.50 mmol, 1.0 eq) and Boc,O
(6.6523 g, 30.48 mmol, 1.15 eq) were dissolved in dry DMF (24 mL) and stirred 24 h at
rt. Benzaldehyde dimethyl acetal (5.1 g, 5.0 mL, 33 mmol, 1.2 eq) was added with
catalytic para-toluenesulfonic acid monohydrate (PTSA, 0.192 g, 1.01 mmol, 0.06 eq)
and stirred an additional 24 h. The mixture was diluted with Et,O (60 mL) and extracted
with sat’d NaHCO3 (60 mL) mixed with additional water (20 mL). The aqueous layer was
further diluted with water (30 mL) and washed with Et,O (60 mL x 3), followed by a
final dilution with water (20 mL) and final wash with Et,O (100 mL). The organic layers
were combined, dried over MgSO, and the solvent removed under reduced pressure. The
product was recrystallized from Et,O/hexane to give white crystals as a mixture of two
separable (on silica-gel) isomers in a 60:40 ratio (6.666 g, 21.55 mmol, 81.3%). Isomer
#1 (less polar): IR (4000-625v cm™, NaCl): 3424, 3322, 3036, 2977, 2927, 2867, 1686,
1541, 1500, 1454, 1391, 1368, 1316, 1286, 1250, 1172, 1104, 1084, 1057, 989, 747, 699.
'H NMR (600 MHz, CDCl5): §1.46 (9H, s, H-10/11/12), 3.71 (2H, s, H-13), 3.84 (2H, d,
J =11.6 Hz, H-4/6), 4.21 (2H, d, J = 11.6 Hz, H-4/6), 5.48 (1H, s, H-2), 5.8 (broad, 1H,
s, NH-7), 7.40 (3H, m, H-17/18/19), 7.51 (2H, dd J = 1.5Hz, 8.1 Hz, H-16/20). *C NMR

(CDCls, 150 MHz): 528.4 (C-10/11/12), 53.7 (C-5), 65.0 (C-13), 72.0 (C-4/6), 80.8 (C-9),
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102.1 (C-2), 126.1 (C-17/19), 128.5 (C-16/20), 129.4 (C-18), 137.6 (C-15), 156.9 (C-8).
Isomer #2 (more polar): IR (4000-625v cm™, NaCl): 3258, 3070, 2986, 2950, 2929, 2871,
2856, 1682, 1557, 1499, 1456, 1393, 1368, 1319, 1284, 1249, 1214, 1175, 1115, 1050,
1025, 984, 964, 941, 907, 871, 759, 697. *H NMR (600 MHz, CDCls): 51.45 (9H, s, H-
10/11/12), 4.08 (2H, s, H-13), 4.10 (2H, s, J = 11.1 Hz, H-4/6), 4.20 (2H, d, J = 11.1 Hz,
H-4/6), 4.74 (1H, s, NH-7), 5.52 (1H, s, H-2), 7.36 (3H, m, H-17/18/19), 7.46 (2H, dd, J
= 2.4Hz, 8.4 Hz, H-16/20). *C NMR (CDCls, 150 MHz): §28.4 (C-10/11/12), 52.0 (C-5),
63.3 (C-13), 69.4 (C-4/6), 72.0 (C-9), 101.7 (C-2), 126.3 (C-17/19), 128.5 (C-18/20),
129.2 (C-18), 137.6 (C-15), 155.4 (C-8). MS (mixture of isomers, ESI*, TOF): Calc’d. for

[C16H24NOs]: 310.1654; found 310.1658.

1H NMR at 600 MHz in CDCl;
More Polar

W JKL N V' BY.Y Jk

1H NMR at 600 MHz in CDCl3
Less Polar
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Fragmentation of alcohol 2 with BPO (3):*"*

To a flame-dried flask fitted with a condenser under argon, 2 (0.0502 g, 0.162 mmol, 1.0
eq), NBS (0.0309 g, 0.174 mmol, 1.05 eg), BPO (75% BPO in H,0, 0.0020 g, 0.0062
mmol, 0.04 eq), and chlorobenzene (3 mL) were added and the mixture was heated at
70 °C for 110 mins. A second portion of NBS (0.008 g, 0.05 mmol, 0.3 eq) and BPO
(0.001 g, 0.003 mmol, 0.02 eq) were added and the solution was heated at 70 °C for an
additional 25 mins. The mixture was then cooled to room temperature and sat’d NaHCO3
(2 mL) was added, with subsequent removal of the organic layer. The aqueous layer was
washed with DCM (5 mL x3), the organic layers combined, dried over MgSQ,, filtered,
and the solvent removed under reduced pressure. Purification was obtained through silica
column chromatography (75:25 hexanes:ethyl acetate) to render white crystals (0.0313 g,
0.124 mmol, 77%). From recrystallization: To a flame-dried 2-neck 250 mL r.b.f. fitted
with a condensor under N, was added 2 (1.36 g, 4.40 mmol, 1.0 eq), NBS (1.4069 g,
7.9048 mmol, 1.8 eq), BPO (75% in H,0O, 0.2481 g, 0.7682 mmol, 0.17 eq), and
chlorobenzene (46 mL). The mixture was heated at 70 °C for 4h, cooled to rt, and an
additional 10 mL of chlorobenzene was added with a second portion of NBS (0.3939 g,
2.214 mmol, 0.5 eq) and BPO (0.0071 g, 0.22 mmol, 0.05 eq). After additional heating at
70 °C for 3h the mixture was cooled to rt, followed by an extraction with DCM (80 mL)

and sat’d NaHCOj3; (100 mL). The aqueous layer was washed with DCM (80 mL x 4), the
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organic layers combined, dried over Na,SO,, filtered, and the solvent removed under
reduced pressure. The mixture was purified via recrystallization with EtOAc/hexanes,
with a hot filtration performed after 100 mL of EtOAc was added to render a white solid
(0.8367 g, 3.330 mmol, 76%) . IR (4000-625v cm’*, NaCl): 3248 (OH), 2923 (C-H), 2853
(C-H), 1712 (C=0), 1466, 1446, 1430, 1407, 1314, 1270 (C-O), 1178, 1114 (C-O), 1054
(C-0), 990, 961, 935, 926, 767, 708. *H NMR (CDCls, 600 MHz): 52.58 (1H, s, OH-15),
3.69 (1H, dd, J =5.2, 11.4 Hz, H-14), 3.73 (1H, dd, J = 5.2, 11.4 Hz, H-14) 4.33 (2H, dd,
J = 9.0Hz, 16.8 Hz, H-6), 4.42 (1H, d, J = 11.6 Hz, H-5), 4.54 (1H, d, J = 11.6 Hz, H-5),
7.48 (2H, t, J = 7.8 Hz, H-10/12), 7.61 (1H, t, J = 7.7 Hz, H-11), 8.02 (2H, d, J = 7.7 Hz,
H-9/13). *C NMR (CDCls, 150 MHz): 60.5 (C-4), 63.5 (C-14), 64.6 (C-5), 68.9 (C-6),
128.2 (C-10/12), 129.4 (C-9/13), 133.4 (C-11), 138.2 (C-8), 157.9 (C-2), 166.2 (C-8). MS
(El, TOF): Calc’d for [C1,H14NOs"] 252.0872; found 252.0936. MP (corrected): 129.8 —

131.1°C.

Fragmentation of 2 with AIBN (3):*"

In a flame-dried flask fitted with a condenser under argon alcohol 2 (0.03 g, 0.0 mmol, 1
eq), NBS (0.019 g, 0.10 mmol, 1.0 eqg), AIBN (0.0016g, 0.010mmol, 0.1eq), and
chlorobenzene (2.5 mL) were added. The mixture was heated at 70°C for 50 mins, then

cooled to room temperature, with subsequent removal of the solvent under reduced

136



Ph.D. Dissertation — J. Calzavara; McMaster University — Chemistry

pressure. Purification was obtained through silica column chromatography (75:25
hexanes:ethyl acetate) to render white crystals (0.0177 g, 0.0704 mmol, 71.5%). IR
(4000-625v cm™, NaCl): 3261 (OH), 2958 (C-H), 2926 (C-H), 2855 (C-H), 1172, 1599,
1466, 1446, 1428, 407, 1389, 1313, 1268 (C-0), 1176 (C=0), 1112 (C-OH), 1052, 1021,
988, 960, 925, 805, 766, 743, 707,686. *H NMR (CDCls, 600 MHz): $3.68 (1H, dd, J =
4.8,12.8 Hz, H-14), 3.73 (1H, dd, J = 4.8, 12.8 Hz, H-14), 4.32 (1H, d, J = 16.1 Hz, H-5),
4.34 (1H, d, J = 16.1 Hz, H-5), 4.41 (1H, d, J = 11.6 Hz, H-6), 4.54 (1H, d, J = 11.6 Hz,
H-6), 7.47 (2H, t, J = 7.6, 7.6 Hz, H-10/12), 7.62 (1H, t, J = 7.5, 7.6 Hz, H-11), 8.02 (2H,
d, J = 7.5 Hz, H-9/13). 3C NMR (CDCl;, 150 MHz): 61.2 (C-4), 64.2 (C-14), 65.3 (C-5),
69.5 (C-6), 128.8 (C-10/12), 130.0 (C-9/13), 134.0 (C-11), 141.9 (C-8), 158.7 (C-2),
166.8 (C-7).

MOM-protection of oxazolidinone 3 (5):*"

P

7HN O 9 18

/O\/O%(% K *
15 1 13 \&gQ1e
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2 21

To a flame-dried 2-neck rbf alcohol 2 (0.2 g, 0.65 mmol, 1 eq) was dissolved in dry DCM
(2 mL) with MOM-CI (0.15 mL, 0.16 g, 2.0 mmol, 3.1 eq) and diisopropylethylamine
(0.68 mL, 0.50g, 3.9 mmol, 6.0 eq). The mixture was stirred for 70 mins, then another 1.5
mL of DCM was added to replace any evaporated solvent. The mixture was stirred for an
additional 130 mins, with subsequent removal of solvent under reduced pressure.

Purification was obtained through column chromatography (15:85 ethyl acetate:hexanes)
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to give white crystals (1:1.4 isomer ratio, 0.1643 g, 0.4649 mmol, 72%). IR (4000-625v
cm-1, NaCl): 3427, 3353, 2977, 2933, 2886, 1718, 1500, 1456, 1392, 1367, 1313, 1287,
1248, 1218, 1167, 1109, 1077, 1046, 977, 918, 870, 825, 747, 699. *H NMR (CDCls, 600
MHz): 81.48 (9H, s, H-10/11/12), 3.36 (major, 3H, s, H-15), 3.40 (minor, 3H, s, H-15),
3.81 (major, 2H, s, H-13), 3.96 (major, 2H, d, 11.2 Hz, H-4/6), 4.01 (minor, 2H, s, H-13),
4.16 (minor, 2H, d, J = 11.3 Hz, H-4/6), 4.34 (major, 2H, d, J = 11.2 Hz, H-4/6), 4.42
(minor, 2H, s-broad, H-4/6), 4.61 (major, 2H, s, H-14), 4.70 (minor, 2H, s, H-14), 4.83
(minor, 1H, s-broad, NH-7), 5.13 (major, 1H, s, NH-7), 5.48 (major, 1H, s, H-2), 5.54
(minor, 1H, s, H-2), 7.38 (3H, m, H-18/19/20), 7.46 (minor, 2H, dd, J = 1.8, 7.9 Hz, H-
17/21), 7.51 (2H, d, J = 6.6 Hz, H-17/21). *C NMR (major, CDCls, 150 MHz): §28.5 (C-
10/11/12), 52.3 (C-15), 55.5 (C-5), 69.1 (C-13), 70.9 (C-4/6), 96.9 (C-14), 101.8 (C-2),
126.2 (C-17/21), 128.5 (C-18/20), 129.3 (C-19), 137.9 (C-16), 155.2 (C-8). *C NMR
(minor, CDCls, 150 MHz): §28.5 (C-10/11/12), 51.1 (C-15), 55.6 (C-5), 66.9 (C-4/6),
68.0 (C-13), 97.0 (C-14), 97.0 (C-2), 126.3 (C-17/21), 128.5 (C-18/20), 129.2 (C-19),
137.9 (C-16), 154.7 (C-8). MS (ESI+, TOF): Calc’d for [C1H24NOs']: 354.1917; found

354.1906.
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Fragmentation of 5 with BPO (6):*"*

(0]

In a flame-dried 10 mL rbf fitted with a condenser under argon, 10 (0.045 g, 0.13 mmol,
1.0 eq), NBS (0.0238 g, 0.133 mmol, 1.05 eq), and BPO (75% in H,0, 0.005 g, 0.03
mmol BPO, 0.2 eq) were dissolved in chlorobenzene (2.5 mL) and refluxed at 70 °C for
1.25 h. The mixture was then cooled to rt and the solvent removed under reduced
pressure. Purification was obtained through column chromatography (85:15 hexanes:ethyl
acetate) to give white crystals (0.0061 g, 0.021 mmol, 16% - not fully isolated, yield not
reflective). 'H NMR (CDCls, 200 MHz): §3.36 (3H, s, H-17), 3.70 (2H, s, H-15), 4.26
(1H, d, J = 9.0 Hz, H-6), 4.35 (1H, d, J = 11.5 Hz, H-5), 4.38 (1H, d, J = 9.0 Hz, H-6),
454 (1H, d, J = 11.5 Hz, H-5), 4.66 (2H, s, H-16), 7.46 (2H, t, J = 7.5, 7.6 Hz, H-11/13),
7.60 (1H, t, 7.5 Hz, H-12), 8.02 (2H, d, J = 7.6 Hz, H-10/14). *C NMR (CDCl;, 150
MHz): 855.9 (C-17), 60.0 (C-4), 65.6 (C-15), 69.8 (C-5), 69.9 (C-6), 97.1 (C-16), 128.8
(C-11/13), 129.2 (C-12), 129.9 (C-10/14), 133.8 (C-9), 158.4 (C-2), 166.2 (C-8). MS (El,

TOF): Cal’d for [C14H1sNOg']: 296.1134; found 296.1140.
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Synthesis of 4-methyldimethoxy-4-methylbenzoate-2-oxazolidinone from AIBN (6):'"°

(0]

In a flame-dried flask with condenser under argon 5 (0.041 g, 0.12 mmol, 1.0 eq), NBS
(0.023 g, 0.13 mmol, 1.1 eq) and AIBN (0.0018 g, 0.011 mmol, 0.1 eq) were added. This
was dissolved in chlorobenzene (2.5 mL) and refluxed at 70 °C for 1.5 h. The mixture was
then cooled to rt and diluted with dichloromethane (1 mL) and worked-up with of
saturated sodium bicarbonate (2 mL). The aqueous layer was washed with DCM (5 mL x
3), and the organic layers were combined, dried over MgSO,, filtered, and the solvent
removed under reduced pressure. Purification was obtained through silica column
chromatography (85:15 hexanes:ethyl acetate, increasing to 75:25 hexanes:ethyl acetate)
to render white crystals (0.0162g, 0.0549 mmol, 47%). IR (4000-625v cm™, NaCl): 3428
(N-H), 2928 (C-H), 2888 (C-H), 2851 (C-H), 2824, 1719 (C=O ester), 1648 (C=0
amine), 1603, 1581, 1497 (Ph), 1452 (Ph), 1392, 1366, 1314, 1274, 1251 (C-O ester),
1217, 1151 (C-O ether), 1111 (C-O ether), 1044 (C-N), 975, 919, 782, 749, 713, 700. *H
NMR (600 MHz, CDCl5) §3.35 (3H, s, H-17), 3.67 (1H, d, J = 9.9 Hz, H-15), 3.70 (1H,
d, J = 9.9 Hz, H-15), 4.27 (1H, d, J = 9.0 Hz, H-6), 4.36 (1H, d, J = 11.5 Hz, H-5), 4.36
(1H, d, J = 9.0 Hz, H-6), 4.52 (1H, d, J = 11.5 Hz, H-5), 4.65 (2H, s, H-16), 6.05 (1H, s,
NH-3), 7.46 (2H, t, J = 7.5Hz, H-11/13) , 7.59 (1H, t, J = 7.5 Hz, H-12), 8.01 (2H, d, J =

7.9 Hz, H-10/14). **C NMR (CDCls, 150 MHz): 55.9 (C-17), 60.0 (C-4), 65.6 (C-5), 69.8
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(C-6), 69.9 (C-15), 97.0 (C-16), 128.8 (C-11/13), 129.2 (C-9), 129.9 (C-10/14), 133.8 (C-

12), 158.7 (C-2), 166.2 (C-8).
Protection of 3-Amino-1,2-propanediol (7):9

' ““f’;m»@

11 10

3-Amino-1,2-propanediol (0.1033 g, 1.134 mmol, 1.0 eq) was dissolved in a vial with
DMF (0.6 mL) and added to a 10 mL flame-dried flask, rinsing the vial with a subsequent
portion of DMF (0.4 mL), followed by addition to the flame-dried flask. Boc,O (0.2652
g, 1.215 mmol, 1.08 eq) was then added to the solution and the mixture was stirred at rt
for 7 h. Benzaldehyde dimethyl acetal (0.22 mL, 0.20 g, 1.3 mmol, 1.2 eq) and PTSA
monohydrate (0.0125 g, 0.0657 mmol, 0.06 eq) was added and the reaction was stirred for
16 h. Sat’d NaHCO3 (2 mL), H,O (2 mL), and Et,O (2 mL) were added and the mixture
was extracted. The aqueous layer was washed with Et,O (3 mL x 3), the organic layers
were combined, dried over MgSQO,, filtered, and the solvent removed under reduced
pressure. Silica column chromatography (100% hexanes gradually to 70:30 hexanes:ethyl
acetate) yielded a white solid as an inseparable mixture of diastereomers in a 1:1.3 ratio
(0.1441 g, 0.5159 mmol, 46%). IR (4000-625v cm™, NaCl): 3316, 3001, 2947, 1873,
1667, 1520, 1479, 1406, 1088, 1071, 981, 914, 758. 'H NMR (major isomer, 600MHz,
CDCls): 51.48 (9H, s, H-15/16/17), 3.25-3.35 (2H, m, H-6), 3.88 (1H, dd, J = 5.6, 8.2 Hz,
H-4), 4.09 (1H, dd, J = 7.4, 8.1 Hz, H-4), 4.29-4.37 (1H, m, H-5), 4.8 (1H, broad, NH-

12), 5.79 (1H, s, H-2), 7.39 (3H, m, H-8/9/10), 7.49 (2H, dd, J = 2.0, 7.5 Hz, H-7/11). *H
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NMR (minor isomer, 600 MHz, CDCl3): 61.49 (9H, s, H-15/16/17), 3.41-3.54 (2H, m, H-
6), 3.72 (1H, dd, J = 7.0, 8.2 Hz, H-4), 4.23 (1H, dd, J = 6.5, 8.3 Hz, H-4), 4.29-4.37 (1H,
m, H-5), 4.9 (1H, broad, NH-12), 5.94 (1H, s, H-2), 7.39 (3H, m, H-8/9/10), 7.46 (2H, dd,
J = 1.8, 7.6 Hz, H-7/11). *C NMR (mixture of isomers, CDCls, 150 MHz): 528.0 (C-
15/16/17), 28.4 (C-15/16/17), 42.4 (C-6), 43.0 (C-6), 67.8 (C-4), 67.9 (C-4), 75.6 (C-5),
75.9 (C-5), 79.6 (C-14), 79.6 (C-14), 103.5 (C-2), 104.3 (C-2), 126.4 (C-7/11), 126.6 (C-
7/11), 128.4 (C-8/10), 128.5 (C-8/10), 129.3 (C-9), 129.5 (C-9), 137.2 (C-6), 137.9 (C-6),
156.2 (C-13). MS (ESI+): Calc’d. for [C15H21NO4Na']: 302.1368; found 302.1362.

Fragmentation of 7 (8):}"

T, HNJO%

7 (0.0491 g, 0.176 mmol, 1.0 eq), NBS (0.0528 g, 0.297 mmol, 1.76 eq), and BPO (75%

in H,0, 0.0094 g,0.029 mmol, 0.17 eq) were added to a flame-dried 10 mL rbf equipped
with a condenser. Chlorobenzene (2.3 mL) was added and the mixture was heated at 70
°C for 5 h. The solution was then cooled to rt and the solvent removed under reduced
pressure. Purification was obtained by silica column chromatography (100 hexanes
gradually increasing to 90:10 hexanes:ethyl acetate) to afford a white solid (0.0300 g,
0.0837 mmol, 48%). IR (4000-625v cm™?, NaCl): 3372, 2977, 1721, 1518, 1367, 1271,
1111, 1910, 711. *H NMR (600 MHz, CDCls): 81.35 (9H, s, H-1/2/3), 3.46-3.54 (2H, m,
H-7/9), 3.56 (1H, d, J = 5.2 Hz, H-9), 3.59 (1H, dd, J = 5.0, 11.1 Hz, H-7), 4.72 (1H,

broad, NH-6), 5.23 (1H, g, J = 5.4 Hz, H-8), 7.39 (2H, t, J = 7.6 Hz, H-13/15), 7.52 (1H,
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t,J = 7.5, 7.6 Hz, H-14), 8.00 (2H, d, J = 7.5 Hz, H-12/16). **C NMR (150 MHz, CDCls):
828.4 (C-1/2/3), 31.5 (C-9), 42.6 (C-7), 72.4 (C-8), 80.1 (C-4), 128.6 (C-13/15), 129.7
(C-11), 130.0 (C-12/16), 133.6 (C-14), 156.0 (C-5), 165.9 (C-10). MS (ESI*, TOF):

Calc’d for [C1sH20BrNO4Na™]: 380.0468, 382.0453; found 380.0480, 382.0511.

Synthesis of 4-methyltosyl-4-methylbenzoate-2-oxazolidinone 13:

(@)
1
3HN"2 0
4 5 [e)
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17
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16
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In a flame-dried 25 mL rbf charged with N, oxazolidinone 3 (0.3197 g, 1.272 mmol, 1.0
eq), tosyl chloride (0.7410 g, 3.886 mmol, 3.05 eq), and lutidine (3.0 mL) were added and
stirred at rt for 20.5 h. The thick, dark-red mixture was diluted with DCM (1 mL) and
stirred an additional 19.5 h. The solvent was then removed under reduced pressure and
purification was obtained through silica column chromatography (80:20 hexanes:ethyl
acetate) to afford a white, crystalline solid (0.4493 g, 1.108 mmol, 87%). IR (4000-625v
cm™, NaCl): 3343, 3066 (aromatic C-H), 3032, 2957, 2918, 1765 (C=0), 1725 (C=0
carbamate), 1599 (C=C aromatic), 1585 (C=C aromatic), 1532, 1451 (C=C aromatic),
1401 (C=C aromatic), 1366, 1315, 1269 (C-O), 1212, 1191, 1177, 1113, 1097, 1071,
1050, 1027, 1019, 992, 937, 830, 814, 793, 764, 712, 686, 667. ‘H NMR (600 MHz,
CDCls): 82.37 (3H, s, H-13), 4.15 (2H, dd, J = 10.2, 16.3 Hz, H-6), 4.24 (1H, d, J = 9.4

Hz, H-14), 4.30 (1H, d, J = 11.6 Hz, H-5), 4.31 (1H, d, J = 9.4 Hz, H-14), 4.44 (1H, d, J =
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9.4 Hz, H-5), 5.59 (1H, s, NH-3), 7.30 (2H, d, J = 8.1 Hz, H-9/11), 7.45 (2H, dd, J = 1.7,
7.4, 8.2 Hz, H-18/20), 7.61 (1H, dddd, J = 1.3, 1.3, 7.4, 7.4 Hz, H-19), 7.77 (2H, dd, J =
1.6, 8.2 Hz, H-8/12), 7.91 (2H, dd, J = 1.3, 8.2 Hz, H-17/21). **C NMR (CDCl;, 150
MHz): 521.8 (C-13), 59.2 (C-4), 64.9 (C-5), 69.1 (C-6), 69.3 (C-14), 128.1 (C-9/11),
128.8 (C-18/20), 129.9 (C-17/21), 130.3 (C-8/12), 131.8 (C-10), 134.0 (C-19), 146.0 (C-
7), 157.7 (C-2), 165.8 (C-15). MS (CI): Calc’d for [C19H2oNO;S™]: 406.0960; found
406.1000. Calc’d for [CioH1NO," = M°-OTs]: 234.0766; found 234.0752. MP

(corrected): 118.9-122.0 °C.

Synthesis of 4-methylazide-4-methylbenzoate-2-oxazolidinone 14:

A flame-dry 2-neck rbf was loaded with tosylated oxazolidinone 13 (0.02010 g, 0.4958
mmol, 1.0 eq), sodium azide (0.1796 g, 0.2763 mmol, 5.5 eq), and DMF (1.4 mL), with
subsequent heating of the solution at 80 °C for 5 h. The solvent was removed under
reduced pressure, followed by rinsing the resulting solid with DCM (3 mL x 4). The
DCM washes were combined and the solvent removed under reduced pressure to afford a
white solid (0.1505 g, 0.4724 mmol, 95%). IR (4000-625v cm™, NaCl): 3312 (N-
H/residual water), 3071, 2957, 2918, 2867, 2112, 1759 (C=0), 1725 (C=0), 1602, 1584,
1535, 1491, 1475, 1451, 1401, 1350, 1316, 1272, 1179, 1161, 1114, 1072, 1048, 1028,

1000, 961, 937, 806, 767, 712, 687, 668. "H NMR (600 MHz, CDCls): 83.61 (1H, d, J =
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12.4 Hz, H-14), 3.67 (1H, d, J = 12.4 Hz, H-14), 4.29 (1H, d, J = 9.2 Hz, H-6), 4.33 (1H,
d, J = 11.4 Hz, H-5), 4.33 (1H, d, J = 9.2 Hz, H-6), 4.48 (1H, d, J = 11.4 Hz, H-5), 5.78
(1H, s, NH-3), 7.48 (2H, dd, J = 7.6, 7.8 Hz, H-10/12), 7.61 (1H, dd, J = 7.6 Hz, H-11),
8.02 (2H, d, J = 7.8 Hz, H-9/13). *C NMR (CDCls, 150 MHz): §54.9 (C-14), 60.1 (C-4),
65.7 (C-5), 69.9 (C-6), 128.8 (C-10/12), 128.9 (C-8), 129.9 (C-9/13), 134.0 (C-11), 158.3
(C-2), 166.1 (C-7). MS. (ESI+, TOF): Calc’d for [C12H1sN4O4']: 277.0937; found

277.0928. MP: decomposes >120 °C.

Synthesis of 4-methylhydroxy-4-methylbenzamide-2-oxazolidinone using Staudinger

Reaction (15):*"®

Azide 14 (0.0164 g, 0.0594 mmol, 1.0 eq) was added to a microwave vial dissolved in
DCM, with subsequent removal the DCM under reduced pressure. Triphenylphosphine
(0.0231 g, 0.088 mmol, 1.5 eq) and THF (0.4 mL) were added to the vial, followed by
stirring at rt for 24 h. H,O (0.028 mL, 0.028 g, 1.56 mmol, 26 eq) was added and the
mixture stirred for an additional 24 h at rt. Solvent was removed under reduce pressure
and purified by silica column chromatorgraphy (hexanes:ethyl acetate 75:25) to give
white crystals (0.0048 g, 0.019 mmol, 32%). IR (4000-625v cm™, NaCl): 3313 (OH),
3287 (NH), 2920, 2851, 1801, 1743 (C=0), 1643 (C=0), 1602, 1578, 1540, 1490, 1437,
1402, 1309, 1272, 1177, 1158, 1119, 1048 (C-0O), 965, 936, 803, 751, 712, 694. 'H NMR
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(CDCls, 600 MHz): §3.47 (1H, d, J = 6.5, 14.2 Hz, H-6), 3.56 (2H, dd, J = 11.0 Hz, H-
15), 3.92 (1H, dd, J = 7.1, 14.2 Hz, H-6), 4.19 (1H, d, J = 9.2 Hz, H-5), 4.23 (1H, s, OH-
16), 4.33 (1H, d, J = 9.2 Hz, H-5), 6.19 (1H, s, NH-3), 7.21 (1H, dd, J = 6.5, 7.1 Hz, NH-
7), 7.46 (2H, t, J = 7.5 Hz, H-11/13), 7.55 (1H, tt, J = 1.0, 7.5, 8.2 Hz, H-12), 7.84 (2H,
dd, J = 1.0, 8.2 Hz, H-10/14). *C NMR (CDCl;, 150 MHz): 544.0 (C-6), 62.2 (C-1), 64.4
(C-15), 71.5 (C-5), 127.4 (C-11/13), 129.0 (C-10/14), 132.6 (C-12), 132.8 (C-9), 159.4
(C-2), 169.9 (C-8).

Synthesis of 4-methylamine-4-methylbenzoate-2-oxazolidinone (16):1"°
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In a flamedried 2-neck 25 mL rbf under N, was added azide 14 (0.0152 g, 0.055 mmol,
1.0 eq) and Pd (10% on C, 0.0062 g, 0.0058 mmol, 0.1 eq), followed by THF (0.5 mL).
The reaction vessel was flushed with copious amounts of Hy(), and the mixture stirred at
rt for 4 h. The product mixture was filtered through celite, with washing of the residue
with EtOAc (1.5 mL x 3). Solvent was removed under reduced pressure to afford white
crystals (0.0137 g, 0.0547 mmol, 99.4%). IR (4000-625v cm™, NaCl): 3262
(NH/NHo,/residual water), 2960, 2918, 1750 (C=0 ester), 1711 (C=0 carbamate), 1600
(C=C aromatic), 1451 (C=C aromatic), 1402 (C=C aromatic), 1374, 1314, 1274 (C-N),
1180, 1113, 1071, 1041, 947, 804, 769, 712. *H NMR (CDCls3, 600 MHz): 62.87 (1H, d, J

= 13.4 Hz, H-14), 2.98 (1H, d, J = 13.4 Hz, H-14), 4.31 (1H, d, J= 8.9 Hz, H-6), 4.35
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(1H, d, J = 8.9 Hz, H-6), 4.37 (1H, d, J = 11.4 Hz, H-5), 4.47 (1H, d, J = 11.4 Hz, H-5),
5.41 (1H, s, NH-3), 7.47 (2H, dd, J = 7.6, 8.0 Hz, H-10/12), 7.61 (1H, tt, J = 1.2, 7.5 Hz,
H-11), 8.02 (2H, dd, J = 1.2, 8.0 Hz, H-9/13). *C NMR (CDCls, 150 MHz):*"" $45.7 (C-
14), 61.3 (C-4), 66.1 (C-5), 70.4 (C-6), 128.8 (C-10/12), 129.2 (C-8), 129.9 (C-9/13),
133.6 (C-11), 159.2 (C-2), 166.3 (C-7). MS (ESI"): Cal’d for [C12H15N20,4']: 251.1032;

found 251.2.

Synthesis of 4-methylamine-4-methylbenzoate-2-oxazolidinone (17):

To a flame-dried non-tapered microwave vial under N, was added tosylate 13 (0.0490 g,
0.121 mmol, 1.0 eg), KCN (0.0300 g, 0.461 mmol, 3.8 eq), DMF (0.3 mL), and stirred for
4 h at rt. Solvent was removed under reduced pressure, using toluene to aziotrope off any
residual DMF. The solid was washed with copious amounts of DCM, filtered, and the
DCM removed under reduced pressure to give the product as a white solid (0.0238 g,
0.915 mmol, 76%). IR (4000-625v cm™, NaCl): 3334, 2923, 2249 (CN, small), 1755
(C=0), 1723 (C=0), 1403, 1269, 1112, 1044, 710. 'H NMR (600 MHz, CD3CN): §2.92
(1H, d, J = 17.2 Hz, H-14), 2.98 (1H, d, J = 17.2 Hz, H-14), 4.33 (1H, d, J = 9.6 Hz, H-5),
434 (1H,d, J = 11.5 Hz, H-6), 4.38 (1H, d, J = 11.5 Hz, H-5), 4.43 (1H, d, J = 9.6 Hz, H-
6), 6.39 (1H, s broad, NH-3), 7.53 (2H, dd, J = 7.5, 8.2 Hz, H-10/12), 7.66 (1H, tt, J =

1.2, 7.5 Hz, H-11), 8.06 (2H, dd, 1.2, 8.2 Hz, H-9/13). *C NMR (150 MHz, CDsCN):
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526.3 (C-14), 58.9 (C-4), 68.1 (C-5), 71.4 (C-6), 129.7 (C-10/12), 130.4 (C-6), 130.6 (C-
9/13), 134.6 (C-11), 158.4 (C-2), 166.6 (C-7). MS (ESI+): Calc’d for [CisH13N204']:

261.0870; found 261.0850. MP (corrected): 131.0 — 132.2 °C.

Conversion of Tosvlate to Indole (19):

To a flame-dried tapered microwave vial was added sodium hydride (60% in mineral oil,
0.0304 g, 0.760 mmol, 5.1 eq), indole (0.0598 g, 0.510 mmol, 3.5 eq), and the mixture
was cooled to 0 °C, and DMF (0.25 mL) was added while stirring. After 20 mins
additional DMF (0.2 mL) was added and the solution turned a dark brown. A final
amount of DMF (0.2 mL) was added and stirred for 15 mins before tosyl oxazolidinone
13 (0.060g 0.148 mmol, 1.0 eq) was added in one portion. The solution was heated at 83
°C for 18 h and then cooled to rt, with an additional 3 h of stirring. The solution was
extracted with DCM (1 mL) in sat’d NH4CI (1 mL), and the aqueous layer washed with
DCM (1 mL x 3). The organic layers were combined, dried over MgSQy, filtered, and the
solvent removed under reduced pressure. Purification was obtained through column
chromatography (silica gel, 100 hexanes, slowly increasing the ratio to 50:50
hexanes:ethyl acetate, and eventually 100 ethyl acetate) to afford a white solid (0.0115 g,

0.0461 mmol, 31.6%). IR (4000-625v em™, NaCl): 3293 (O-H), 2924 (C-H), 1739 (C=0),
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1461, 1313, 1049, 742. 'H NMR (600 MHz, CDCls): 53.54 (1H, d, J = 10.9 Hz, H-6),
3.57 (1H, d, J = 10.9 Hz, H-6), 4.22 (1H, d, J = 9.1 Hz, H-8), 4.26 (1H, d, J = 9.1 Hz, H-
8), 4.32 (1H, d, J = 15.0 Hz, H-5), 4.36 (1H, d, J = 15.0 Hz, H-5), 5.82 (1H, s, NH-3),
6.55 (1H, d, J = 3.0Hz, H-12), 7.13 (2H, m, H-13/16), 7.23 (1H, dd, J = 7.3, 7.9 Hz, H-
15), 7.40 (1H, d, J = 8.3 Hz, H-17), 7.62 (1H, d, J = 7.9 Hz, H-14). *C NMR (150 MHz,
CDCl3):*"" § 49.1 (C-8), 63.1 (C-4), 64.1 (C-6), 70.1 (C-5), 103.2 (C-12), 109.2 (C-14),
120.2 (C-16/17), 121.4 (C-15), 122.6 (C-13), 128.6 (C-11), 137.0 (C-10), 159.1 (C-2).

MS (ESI+): Cal’d for [C1sH1sN,03']: 247.1083; found 247.1076.

Synthesis of 4-methylmorpholine-4-methylbenzoate-2-oxazolidinone (20):

To a flame-dried flask, under N, was added tosylate 13 (0.015 g, 0.038 mmol, 1.0 eq),
morpholine (0.07 mL, 0.070 g, 0.76 mmol, 21 eq), DIPEA (0.1 mL, 0.074 g, 0.57 mmol,
15 eq), and THF (0.15 mL). The mixture was heated at 80 °C for 2 h, then additional
morpholine (0.15 mL, 0.15 g, 1.73 mmol, 45 eq) was added. The mixture was heated at
70 °C a further 18 h, followed by cooling to rt. Solvent was removed under reduced
pressure and purified via silica column chromatography (70:30 Hexanes:Ethyl Acetate) to
afford a yellow solid (0.0060 g, 0.019 mmol, 49%). IR (4000-625v cm™, NaCl): 3278 (N-
H), 3068, 2958, 2922, 2854, 2812, 2109, 1758 (C=0), 1723 (C=0), 1621, 1602, 1584,
1452, 1395, 1374, 1315, 1273 (C-0), 1178, 1116 (C-O), 1071, 1046 (C-N), 1028, 1013,
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960, 937, 892, 865, 83, 768, 713, 687, 667. *H NMR (600 MHz, CDCls): 52.60 (4H, dd, J
= 4.4, 4.4 Hz, H-15/18), 2.62 (1H, d, J = 14.3 Hz, H-14), 2.67 (1H, d, J = 14.3 Hz, H-14),
3.68 (4H, t, J = 4.4 Hz, H-16/17), 4.24 (1H, d, J = 8.8 Hz, H-6), 4.31 (1H, d, J = 11.4 Hz,
H-5), 4.36 (1H, d, J = 8.8 Hz, H-6), 4.47 (1H, d, J= 11.4 Hz, H-5), 5.49 (1H, s, NH-3),
7.47 (2H, dd, J = 7.5, 8.2 Hz, H-10/12), 7.59 (1H, tt, J = 1.2, 7.5 Hz, H-11), 8.01 (2H, dd,
J=1.2, 8.2 Hz, H-9/13). *C NMR (CDCls;, 150 MHz): 555.8 (C-15/18), 31.1 (C-4), 32.7
(C-14), 66.6 (C-1), 67.2 (C-16/17), 70.9 (C-6), 128.8 (C-10/12), 129.2 (C-8), 129.8 (C-
9/13), 133.8 (C-11), 158.6 (C-2), 166.2 (C-7). MS (CI): Cal’d for [CisH21N,Os']

321.1450; found 321.1451.

Synthesis of 4-methyl-O-THP-4-methylbenzoate-2-oxazolidinone (21):

O

3 HN A o
1s, o )K©
Ow
To a flame-dried tapered microwave vial under N, oxazolidinone 3 (0.0488 g, 0.194 mmol,
1.0 eq), PTSA+H,0 (0.0012 g, 0.0063 mmol, 0.03 eq), DCM (0.3 mL), and DHP (0.030 mL,
0.030 g, 0.354 mmol, 1.8 eq) were added and the mixture was stirred at rt for 1.75 h. A
subsequent portion of DHP (0.020 mL, 0.02 g, 0.236 mmol, 1.1 eq) was then added and the
mixture was stirred an additional 19.5 h. The solvent was removed under reduced pressure
and purification was obtained through silica column chromatography (silica gel, 100 hexanes,

slowly increasing to 75:25 hexanes:ethyl acetate) to give a clear, colourless oil as a mixture

of two inseparable isomers in a 50:50 distribution as indicated by *H NMR (0.0442 g, 0.132
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mmol, 68%). IR (4000-625v cm™, NaCl): 3278 (N-H/residual water), 2945 (C-H), 2871 (C-
H), 1761 (C=0), 1723 (C=0), 1391 (C-0), 1272 (C-0), 1123 (C-0), 1071 (C-O), 1036(C-0),
713. *H NMR (mixture of diastereomers, integration set to 1H on 1 diastereomer = 1H, 600
MHz, CDClz): 61.47-1.82 (15H, m, H-17/18/19, contaminated with H,0), 2.70 (1H,
impurity), 3.46-3.53 (3H, m, H-14/14/14), 3.56 (1H, dd, J = 2.1, 10.3 Hz, H-14), 3.76 (2H,
ddt, J = 2.7, 9.4, 12.0 Hz, H-16), 3.88 (1H, d, J = 10.3 Hz, H-14), 3.93 (1H, dd, J = 0.7, 9.9
Hz, H-14), 4.24 (1H, dd, J = 1.1, 9.1 Hz, H-6), 4.28 (1H, d, J = 9.1 Hz, H-6), 4.32-4.38 (4H,
m, H-5/5/6/6), 4.50 (1H, dd, J = 1.0, 11.5 Hz, H-5), 4.53 (1H, dd, J = 1.4, 11.5 Hz, H-5),
4.59-4.63 (2H, m, H-15), 6.08-3.36 (2H, broad-m, NH-2), 7.43 (2H, t, J = 7.7 Hz, H-10/12),
7.57 (1H, tt, J = 1.1, 7.4 Hz, H-11), 8.01 (2H, d, J = 7.4 Hz, H-9/13). **C NMR (mixture of
diastereomers, CDCl3, 150 MHz): 619.2 (C-18), 19.3 (C-18), 25.2 (C-17), 25.3 (C-17), 30.3
(C-19), 30.4 (C-19), 60.0 (C-4), 62.6 (C-16), 62.6 (C-16), 65.8 (C-5), 65.9 (C-5), 69.4 (C-14),
69.8 (C-14), 69.8 (C-6), 69.9 (C-6), 99.3 (C-15), 99.7 (C-15), 128.7 (C-10/12), 129.3 (C-8),
129.8 (C-9/13), 133.6 (C-11), 158.8 (C-2), 158.9 (C-2), 166.2 (C-7). MS (ESI+): Calc’d for

[C17H22NOg"] 336.1447; found 336.1456.

Acetate from Tosyl oxazolidinone (22):

Tosylate 13 (0.0253 g, 0.0624 mmol) was added to a tapered microwave vial with acetic

acid (1 mL) and the vial was capped. The solution was microwaved at 200 °C for 1 h,
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cooled, and microwaved a second time at 200 °C for an additional 1 h. The solution was
then cooled to rt and sat’d NaHCO; (2.5 mL) was added. The agueous mixture was
washed with DCM (1 mL x 3) and ethyl acetate (1 mL x 1). The organic layers were
combined, dried over MgSQy,, filtered, and the solvent removed under reduced pressure.
Purification was obtained through column chromatography twice (first column: silica gel,
100 hexanes, slowly increasing the ratio to 50:50 hexanes:ethyl acetate; second column:
silica gel, 100 hexanes, slowly increasing the ratio to 60:40 hexanes:ethyl acetate) to
produce a clear, colourless oil (0.0090 g, 0.031 mmol, 49.2%). IR (4000-625v cm™,
NaCl): 3322 (residual water/N-H), 2958 (C-H), 1764 (C=0), 1746 (C=0), 1726 (C=0),
1402 (C-0), 1272 (C-0), 1051, 712. *H NMR (600 MHz, CDCls): §2.12 (3H, s, H-18),
4.17 (1H, d, J = 11.6Hz, H-14), 4.32 (1H, d, J = 9.2Hz, H-6), 4.34 (2H, d, J = 9.2,
11.6Hz, H-5/14 overlapping), 4.37 (1H, d, J = 9.2Hz, H-6), 4.49 (1H, d, J = 11.6Hz, H-5),
5.8 (1H, 2 peaks, NH-3), 7.46 (2H, t, J = 7.5, 8.2Hz, H-10/12), 7.60 (1H, tt, J = 1.1,
7.5Hz, H-11), 8.01 (2H, dd, J = 1.1, 8.2Hz, H-9/13). *C NMR (150 MHz, CDCls): §20.7
(C-17), 59.5 (C-4), 65.1 (C-5), 65.5 (C-14), 69.5 (C-6), 128.8 (C-10/12), 128.9 (C-8),
129.9 (C-9/13), 133.9 (C-11), 158.2 (C-2), 166.1 (C-7), 170.5 (C-15). MS (ESI+): Calc’d

for [C14H1sNOg']: 294.0977; found 294.0968.
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Synthesis of 4-methyl-O-acetate-4-methylbenzoate-2-oxazolidinone (22):

To a flame-dried non-tapered microwave vial under N, were added oxazolidinone 3
(0.0386 g, 0.154 mmol, 1.0 eq), DMF (0.1 mL), acetic anhydride (0.15 mL, 0.162 g, 1.59
mmol, 10 eq), and the mixture was stirred for 48 h. The solvent was removed under
reduced pressure and purification was obtained through silica column chromatography
(100 hexanes, slowly increasing the ratio to 60:40 hexanes:ethyl acetate) to give a white
solid (0.0404 g, 0.138 mmol, 89%). IR (4000-625v cm™, NaCl): 3233 (residual water/N-
H), 2959 (C-H), 1746 (C=0), 1725 (C=0), 1272 (C-O), 1114 (C-0), 1050 (C-0), 712. 'H
NMR (600 MHz, CDCl): §2.12 (3H, s, H-16), 4.16 (1H, d, J = 11.7 Hz, H-14) , 4.32
(1H, d, J = 9.2 Hz, H-6), 4.34 (1H, d, J = 11.7 Hz, H-14) , 4.35 (1H, d, J = 11.6 Hz, H-5),
4.38 (1H, d, J = 9.2 Hz, H-6), 4.49 (1H, d, J = 11.6 Hz, H-5), 5.6-5.8 (1H over 2 peaks,
NH-3), 7.47 (2H, t, J = 7.7 Hz, H-10/12), 7.61 (1H, t, J = 7.7 Hz, H-11), 8.01 (2H, d, J =
7.5 Hz, H-9/13). *C NMR (150 MHz, CDCls): §20.7 (C-16), 59.5 (C-4), 65.1 (C-5), 65.5
(C-14), 69.5 (C-6), 128.8 (C-10/12), 128.9 (C-8), 129.9 (C-9/13), 133.9 (C-11), 158.2 (C-
2), 166.1 (C-7), 170.5 (C-15). MS (ESI+): Calc’d for [C1aH16NOs'] 294.0977; found

294.0983.
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Synthesis of N-benzyl-4-methylhydroxy-4-methylbenzoate-2-oxazolidinone (23):

(0]
12 6 )\ ]
1 20
7 3N 5
4 (0]
10 8 21 16
| s 15 17

9
OH ~0714
22

In a flame-dried tapered microwave vial under N, oxazolidinone 3 (0.030 g, 0.12 mmol, 1.0
eq) was added and cooled to 0 °C. LIHMDS (1M in THF, 0.25 mL, 0.25 mmol, 2.1 eq) was
added dropwise, followed by the addition of DMF (0.1 mL). The mixture was stirred at 0
°C for 30 mins. Benzyl bromide (0.029 mL, 0.42 g, 0.24 mmol, 2.0eq) was then added. The
reaction was then warmed to rt and allowed to stir for 1.5 h. The mixture was diluted with
DCM (1 mL) and washed with NH,CI (1 mL). The aqueous layer was washed with DCM
(ImL x 3) and the organic layers were combined. Ethanol (2 mL) was added to clarify the
solution and the organic layer was then dried over MgSO,, filtered, and the solvent
removed under reduced pressure. Purification was obtained through silica column
chromatography (silica gel, 100 hexanes, slowly increasing the ratio to 60:40 hexanes:ethyl
acetate) to afford a white solid (0.0167 g, 0.0489 mmol, 41%). IR (4000-625v cm™, NaCl):
3422 (O-H), 3064 (C-H), 3033 (C-H), 2924 (C-H), 1724 (C=0), 1602, 1585, 1451 (C=0),
1271 (C-0), 1069 (C-N), 710. *H NMR (600 MHz, CDCl5): 83.51 (1H, d, J = 12.5 Hz, H-
21), 3.59 (1H, d, J = 12.5 Hz, H-21), 4.26 (1H, d, J = 12.0 Hz, H-5), 4.30 (1H, d, J = 8.9
Hz, H-13), 4.34 (1H, d, J = 8.9 Hz, H-13), 4.35 (1H, d, J = 15.7 Hz, H-6), 4.41 (1H, d, J =
12.0 Hz, H-5), 4.74 (1H, d, J = 15.7 Hz, H-6), 7.27-7.36 (3H, m, H-9/10/11), 7.39 (2H, d, J
= 7.3 Hz, H-8/12), 7.39 (2H, t, J = 7.5, 8.2 Hz, H-17/19), 7.61 (1H, tt, J = 1.1, 7.5 Hz, H-
18), 7.96 (1H, dd, J = 1.1, 8.2 Hz, H-16/20). *C NMR (150 MHz, CDCls): 845.2 (C-6),
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62.5 (C-5), 63.7 (C-21), 64.6 (C-4), 67.4 (C-13), 128.0 (C-8/12), 128.4 (C-10), 128.8 (C-
17/19), 129.0 (C-15), 129.2 (C-9/11), 129.9 (C-16/20), 133.9 (C-18), 137.9 (C-7), 158.9 (C-

2), 166.2 (C-14). MS (ESI+): Cal’d for [C1sH2oNOs']: 342.1342; found 342.1349.

General Procedure for Aryl Coupling to THAM derivative:***
LS

N)\\O

S

ey

In a flame-dried tapered microwave vial under N, was added base (2 eq), THAM

derivative (1 eq), Cul (cat.), and dioxane. The ligand (cat.) was then added, as well as the

aromatic halide (1.2 eq). The microwave vial was capped and heated at 110 °C overnight

(~18 h). Formation of product was monitored by TLC.

Arylation of 2-Oxazolidinone with Bromobenzene (24):**

10

"1 0
9
s 2
Ok,
7 /
4 s

In a flame-dried tapered microwave vial under N, was added 2-oxazolidinone (0.0999 g,
1.15 mmol, 1.0 eq), K,CO3(0.317 g, 2.30 mmol, 2.0 eq), and Cul (0.0228 g, 0.120 mmol,
0.1 eq). Dioxane (1.0 mL) was added by syringe, followed by trans-diaminocyclohexane
(0.014 mL, 0.0131 g, 0.115 mmol, 0.10 eq) by micropipette and PhBr (0.014 mL, 0.18 g,
1.71mmol, 1.5 eq) by microsyringe. The mixture was heated at 110 °C with stirring for 7
h, then the temperature was lowered to 100 °C for an additional 14 h of further stirring.
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The mixture was then cooled to room temperature and purification was obtained through
column chromatography (silica gel, 100 hexanes, slowly increasing the ratio to 60:40
hexanes:ethyl acetate) to afford a light brown solid (0.0825g, 0.0506 mmol, 44%). IR
(4000-625v cm®, NaCl): 1742 (C=0), 1129 (C-0), 1051, 752, 690. 'H NMR (600 MHz,
CDCly): 84.07 (2H, dd, J = 7.8, 9.3 Hz, H-4), 4.49 (2H, dd, J = 7.8, 9.3 Hz, H-5), 7.14
(1H, tt, J = 0.8, 7.5 Hz, H-9), 7.38 (2H, tt, J = 7.5, 8.6 Hz, H-7/11), 7.55 (2H,.dd, J = 0.8,
8.6 Hz, H-8/10). *C NMR (150 MHz, CDCls): 543.5 (C-4), 61.4 (C-5), 118.4 (C-7/11),
1242 (C-9), 129.2 (C-8/10), 138.4 (C-6), 155.4 (C-2). MS (ESI+): Cal’d for
[CoH1oNO,™]: 164.0706; found 163.9.

Arylation of 2-Oxazolidinone with 4-iodoacetophenone (25):144178

O
o 10
11
13712 O
3 J[2
; Néo

In a flame-dried tapered microwave vial under N, 2-oxazolidinone (0.0997 g, 1.15 mmol,
1.0 eq), K,CO3 (0.317 g, 2.30 mmol, 2.0 eq), Cul (0.022 g, 0.115 mmol, 0.10 eq), and 4-
iodoacetephenone (0.272 g, 1.10 mmol, 0.95 eq) were added. Dioxane (1.0 mL) was
added by syringe, followed by 1,2-trans-diaminocyclohexane (0.014 mL, 0.0131 g, 0.115
mmol, 0.10 eq) by micropipette. The mixture was heated at 110 °C with stirring for 7 h,
then the temperature was lowered to 100 °C for a further 14 h of stirring. The mixture was
then cooled to room temperature and purification was obtained by filtering the mixture

through a celite plug and washing with warm DCM (15 mL). Purification was obtained
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through recrystallization with an ethanol/diethyl ether mix to give a light brown solid
(0.1100g, 0.536 mmol, 46.6%). IR (4000-625v cm™, NaCl): 2973 (C-H), 2912 (C-H),
1747 (C=0), 1667 (C=0), 1275 (C-0), 1137 (C-0), 1049, 850, 785, 756. *H NMR (600
MHz, CDCls): §2.59 (3H, s, H-13), 4.11 (2H, dd, J = 6.6, 7.8, 8.2, 9.4 Hz, H-4), 4.53 (2H,
dd, J = 6.6, 7.8, 8.2, 9.4 Hz, H-5), 7.65 (2H, dt, J = 2.0, 9.0 Hz, H-7/11), 7.99 (2H, dt, J =
2.0, 9.0 Hz, H-8/10). MS (ESI+): Calc’d for [C11H1,NO5*]: 206.0812; found 206.1.

Arylation of 2-Oxazolidinone with Bromobenzene and Novel Ligand 31 (24):'*

LA
/

In a flame-dried non-tapered microwave vial under N, was added CsCO3 (0.1387 g, 0.453

mmol, 1.4 eq), 2-oxazolidinone (0.289 g, 0.332 mmol, 1.1 eq), Cu,O (0.0019 g, 0.0133
mmol, 0.044 eq), 1,10-phenanthroline (0.0025 g, 0.0175 mmol, 0.057 eq), 31 (0.0039 g,
0.0156 mmol, 0.05 eq), and Pd,(dba); (0.0078 g, 0.0085 mmol, 0.028 eq). The vessel was
evacuated under reduced pressure and charged with Ny, with repetition multiple times. N,
was bled through *BuOH for 30 mins, followed by sonication while under argon for 3
mins. *BuOH (0.3 mL) and bromobenzene (0.032 mL, 0.0479 g, 0.3047 mmol, 1.0 eq)
were added and the mixture was heated at 110 °C overnight. The solvent was removed
under reduced pressure with purification obtained through silica column chromatography
(100% hexanes, slowly increasing percentage of ethyl acetate to give a white solid

(0.0070 g, 14.1%). *H NMR in good agreement with literature.
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Synthesis of Arylated Mom-oxazolidinone 26: 1**
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To a flame-dried tapered microwave vial charged with N, was added Cul (0.0322 g,

()'I

0.169 mmol, 2.70 eq), dioxane (0.20 mL), then TDACH (0.020 mL, 0.019 g, 0.0169
mmol, 2.70 eq). The mixture was heated at 40 °C for 5 mins, then cooled to rt.
Bromobenzene (0.020 mL, 0.19 mmol, 0.030 g, 3.0 eq) was then added and the mixture
was stirred for 20 mins at rt, followed by addition of MOM-protected oxazolidinone 6
(0.0162 g, 0.0625 mmol, 1.0 eq) and K,CO;3 (0.0221 g, 0.160 mmol, 2.56 eq). The vial
was subsequently capped and the mixture heated at 110 °C for 24 h. The solution was
diluted with dioxane (0.30 mL) and heated at 110 °C for another 3 days. After cooling of
the mixture the solvent was removed under reduced pressure and purification was
obtained via silica column chromatography (100 hexanes, increasing to 70:30
hexanes:ethyl acetate) to afford a white solid (0.0144 g, 0.0388 mmol, 62%). ‘*H NMR
(600 MHz, CDCl5): $3.38 (3H, s, H-22), 3.60 (1H, d, J = 10.0 Hz, H-20), 3.70 (1H, d, J =
10.0 Hz, H-20), 4.22 (1H, d, J = 11.9 Hz, H-5), 4.48 (1H, d, J = 12.0 Hz, H-5), 4.49 (1H,
d, J=8.9 Hz, H-12), 457 (1H, d, J = 8.9 Hz, H-12), 4.66 (2H, dd, J = 6.7, 9.1 Hz, H-21),
7.26-7.28 (2H, m, H-8/10), 7.37 (1H, tt, J = 1.3, 6.2 Hz, H-9), 7.41 (2H, tt, J = 1.4, 7.0
Hz, H-7/11), 7.47 (2H, dt, J = 8.2 Hz, H-16/18), 7.61 (1H, tt, J = 1.3, 7.5 Hz, H-17), 7.99

(2H, dd, J = 1.2, 8.3 Hz, H-15-19). *C NMR (150 MHz, CDCly): 856.1 (C-22), 64.5 (C-
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4), 64.5 (C-20), 68.3 (C-12), 68.4 (C-5), 97.1 (C-21), 128.9 (C-16/18), 128.9 (C-7/11),
129.1 (C-9), 129.3 (C-17), 129.9 (C-8/10), 129.9 (C-15/19), 133.9 (C-14), 134.4 (C-6),

157.6 (C-2), 166.0 (C-13).

(1R)-(-)-10-Camphorsulfonyl oxazolidinone 29:

In a tapered microwave vial charged with N, was added alcohol 3 (0.1028 g, 0.4091
mmol, 1.0 eq), (1R)-(-)-10-camphorsulfonyl chloride (0.2047 g, 0.8164 mmol, 2.0 eq),
lutidine (0.20 mL, 0.19 g, 1.7 mmol, 4.2 eq), and DCM (0.3 mL). This was stirred for 22
h at rt, then the solvent was removed under reduced pressure. DCM (2 mL) and sat’d
NaHCO;3; (2 mL) were added and the organic layer was removed. The aqueous layer was
washed with DCM (2 mL x 2), the organic layers combined, dried over MgSQ,, and
filtered. The solvent was removed under reduced pressure and purification was obtained
through silica column chromatography (100 hexanes, eventually increasing to 50:50
hexanes:ethyl acetate) to give a white solid (0.0745 g, 0.160 mmol, 39%). IR (4000-625v
cm™, NaCl): 3297 (NH), 3068, 2963, 1771 (C=0), 1749 (C=0), 1716 (C=0), 1602, 1584,
1452, 1395, 1363, 1271, 1175, 1114, 1051, 998, 936, 830, 767, 714, 635. *H NMR (600
MHz, CDCls, as a mixture of 2 visable isomers in approximately a 50:50 ratio): 60.84

(3H, s, H-16), 0.85 (3H, s, H-24), 1.05 (6H, s, H-23), 1.40-1.48 (2H, m, H-20/21), 1.64-
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1.72 (2H, m, H-20/21), 1.94 (2H, t, J = 19.4 Hz, H-19), 2.00-2.06 (2H, m, H-20/21), 2.12
(2H, m, H-20/21), 2.36 (4H, d, J = 18.1 Hz, H-18), 3.05 (1H, d, J = 15.1 Hz, H-15), 3.07
(1H, d, J = 15.1 Hz, H-15), 3.60 (1H, d, J = 15.7 Hz, H-15), 3.61 (1H, d, J = 15.1 Hz, H-
15), 4.32-4.42 (TH, m, H-5/14), 4.44 (1H, d, J = 10.4 Hz, H-5), 4.47 (1H, d, J = 10.4 Hz,
H-5), 4.48-4.55 (3H, m, H-4/14), 6.3 (1H, s-broad, NH-3), 6.5 (1H, s-broad, NH-3), 7.45
(4H, t, J = 7.7 Hz, H-10/12), 7.59 (2H, t, J = 0.9, 7.4 Hz, H-11), 8.02 (4H, m, H-9/13).
3¢ NMR (both isomers, 150 MHz, CDCls): 519.6 (C-23/24), 19.7 (C-23/24), 25.1, 25.2,
27.0, 36.8, 42.7, 42.8, 42.8, 47.7, 47.9, 48.6 (C-15), 58.1 (C-16), 59.5 (C-4), 65.2 (C-5),
65.3 (C-5), 69.0 (C-14), 69.0 (C-14), 69.4 (C-6), 69.5 (C-6), 128.8 (C-10/12), 129.0 (C-
8), 129.9 (C-9/13), 133.8 (C-11), 158.2 (C-2), 158.3 (C-2), 166.0 (C-7), 215.1 (C-17),

215.4 (C-17). MS (ESI*, TOF): Calc’d for [C2oH2sNOgS']: 466.1563; found: 466.1522.

Synthesis of 4-methylazide-4-methylbenzoate-2-oxazolidinone 14from 29:

12
To a tapered microwave vial charged with N, was added Camphor THAM derivative 29
(0.0100 g, 0.0215 mmol, 1.0 eq), NaN3 (0.0007 g, 0.0107 mmol, 0.5 eq), and DMF (0.15
mL). This was stirred at 0 °C, 30 °C, 40 °C, 50 °C, 60 °C, and 70 °C, with no visable
change by TLC. Additional NaN3 (0.0097 g, 0. 15 mmol, 7.0 eq) was added and the
mixtured was stirred at 70 °C overnight. The DMF was removed under reduced pressure,

and further aziotroped off using DCM (2 mL x 2 additions). DCM was added to the

160



Ph.D. Dissertation — J. Calzavara; McMaster University — Chemistry

resulting slurry, the mixture dried over MgSO, with subsequent filtering, and the
remaining solvent removed under reduced pressure to afford the azide 14, as visualized

by *H NMR (consistant with previous NMR).

(-)-menthyl fragmented Boc/Bz-protected THAM (30):

In a tapered microwave vial covered with tin foil and charged with N, alcohol 3 (0.0522
g, 0.208 mmol, 1.0 eq), DCM (0.2 mL), TEA (0.15 mL), lutidine (0.2 mL), and (1R)-(-)-
menthyl chloroformate (0.20 mL, 0.204 g, 0.933mmol, 4.5 eq) were stirred together at rt
overnight. The solvent was removed under reduced pressure and the separation via silica
column chromatography was performed, however, total separation of the products was

not possible.

Svynthesis of 67:

9%;};?0 21 N

s
In two tapered microwave vials (Vi1 & V,) charged with Ny, alcohol 3 (V1: 0.0213 g,
0.0848 mmol, 1.0 eq; V2: 0.0215 g, 0.0856 mmol, 1.0 eq), Z-Pro-OH (V;: 0.0261 g, 0.105
mmol, 1.2 eq; V,: 0.0315 ¢, 0.126 mmol, 1.5 eq), DMAP (V1: 0.0009 g, 0.007 mmol,

0.08 eq; V»; small crystal), and DCC (V1: 0.0275 g, 0.133 mmol, 1.5 eq; V2: 0.0338 g,

0.164 mmol, 1.9 eq) were added. To the first vial was added MeCN (0.2 mL) and DMF
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(0.2 mL) and to the second vial only DMF (0.2 mL) was added. Both were stirred
overnight, mixed together, and their collectively the solvent removed under reduced
pressure. Purification was obtained through silica column chromatography to produce a
white solid as a mixture of 2 diastereomers (0.0393 g, 0.0815 mmol, 48% combined yield
of both V; & V,). IR (4000-625v cm™, NaCl): 3320 (N-H), 3064, 3034, 2955, 2934,
2891, 2850, 1751 (C=0), 1730 (C=0), 1624, 1602, 1584, 1538, 1498, 1551, 1419, 1355,
1315, 1273, 1178, 1117, 1072, 1049, 1027, 936, 769, 736, 714, 700. *H NMR (600MHz,
CDCls, as a mixture of 2 diastereomers): 7.27-7.40 (10H, m), 7.46 (4H, m), 7.60 (2H, m),
9.96-8.04 (4H, m). Due to complexity of spectrum, a diagram has been attached for both
the '"H NMR and the *C NMR. The ratio of isomers is 70:30 as calculated by the peaks at
5.01ppm on the *H NMR. MS (ESI+): Cal’d for [CasH,7N,Og']: 483.1767; found

486.1754.

'H NMR in CDCl; at 600MHz
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13C NMR in CDCl; at
150MHz

196 anag
1128.3008

Reduction of Acetal 2 (32):*%*"
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In a flame-dried 2-neck rbf under N, alcohol 2 (0.1848 g, 0.5974 mmol, 1.0 eq) was

added and cooled to -78 °C. DIBAL (1M in toluene, 2.75 mL, 0.391 g, 2.75 mmol, 4.6 eq)
was added slowly and the mixture was warmed to 0 °C, stirring for 25 mins. The solution
was then allowed to warm to rt, stirring for an additional 21 h. The mixture was then
cooled to 0 °C and MeOH (0.15 mL), sat’d NH4CI (0.7 mL), and DCM (4 mL) were
added, followed by an additional 1h of stirring. The mixture was filter through a sintered
glass funnel and rinsed with copious amounts of Et,O and EtOAc. The solvent was
removed under reduced pressure with purification obtained through silica column

chromatography (100 hexanes, slowly increasing the ratio of ethyl acetate) to give a white
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solid (0.1039g, 0.3337 mmol, 55.9%). IR (4000-625v cm™, NaCl): 3414 (O-H), 2963 (C-
H), 2924 (C-H), 2855 (C-H), 1688 (C=0), 1501, 1455, 1367 (C-0), 1259 (C-0), 1167 (C-
0), 1052 (C-0), 1028, 801, 743, 698. 'H NMR (600 MHz, CDCly): 51.44 (9H, s, H-
9/10/11), 3.55 (2H, d, J = 11.7 Hz, H-2/4), 3.61 (2H, s, H-12), 3.74 (2H, d, J = 11.7 Hz,
H-2/4), 455 (2H, s, H-13), 5.51 (1H, s-broad, NH-6), 7.29-7.34 (3H, m, H-16/17/18),
7.35-7.38 (2H, m, H-15/19). MS (ESI+): Cal’d for [CigHasNOs]: 312.1811; found

312.1085.

Svynthesis of 4,4-methylhydroxy-2-oxazolidinone (33):

O

3 HN 201
4 5
6
8
OH "OH 4
7

In a scintillation vial oxazolidinone 3 (0.0817 g, 0.325 mmol, 1.0 eq) was dissolved in an
NaOH solution (~0.29 M, 0.115 g NaOH in 6 mL H,O/MeOH 50:50 mix, 4.0 mL, 1.15
mmol, 3.6 eq) and stirred for 1 h at rt. The mixture was acidified with HCI (37% in water,
1:1 in H,0). The solvent was removed under reduced pressure and the solid washed with
EtOH (~20 mL). The ethanol was removed under reduced pressure and the resulting solid
was washed with Et,O (5 mL x 3) to remove benzoic acid. This rendered the product,
which was a white solid (0.0806 g). The overall yield was indeterminable at this point due
to the large quantity of water that remained in the sample. IR (4000-625v cm™, NaCl):
3137 (O-H), 3046 (O-H), 2811 (C-H), 1746 (C=0), 1737 (C=0), 1404 (C-O), 1050 (C-

0). 'H NMR (600 MHz, D,0): 33.69 (2H, dd, J = 1.4, 11.9Hz, H-6/8), 3.74 (2H, dd, J =
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1.4, 11.9Hz, H-6/8), 4.44 (2H, s, H-5). **C NMR (150MHz, D,0): 862.2 (C-6/8), 62.7 (C-
4), 69.0 (C-5), 161.1 (C-2). MS (ESI+): Calc’d for [CsH1oNO4']: 148.0610; found

148.0571.

Synthesis of 4-methyl(diethylphosphoramide)-4-methylbenzoate-2-oxazolidinone (34):

o]
3 HN)de

5
17 P 15 J\©
\/o 0/\

In a flamedried, tapered microwave vial under N,, amine 16 (0.0364 g, 0.146 mmol, 1.0
eq) was dissolved in DCM (0.5 mL) and cooled to 0 °C. Lutidine (0.02 mL, 0.0185 g,
0.173 mmol, 1.2 eq) was then added, followed by diethyl chlorophosphate (0.025 mL,
0.0297g, 0.168 mmol, 1.15 eq). The mixture was allowed to warm slowly to rt as it was
stirred for 2 h. The solvent was removed under reduced pressure, with purification
obtained through silica column chromatography (80:20 ethyl acetate:hexanes to 80:20
ethyl acetate:ethanol) to afford a white solid (0.0286 g, 0.0740 mmol, 51%). IR (4000-
625v em’}, NaCl): 3250 (N-H), 2983, 2930, 2907, 1762 (C=0), 1725 (C=0), 1602, 1584,
1538, 1451, 1395, 1316, 1273 (C-O ester), 1230 (P=0), 1178 (C-N), 1164 (C-N), 1114
(C-O ether), 1044 (P-0), 1029 (P-O), 970, 867, 802, 755, 713, 687, 666. *H NMR
(CDCls, 600 MHz): §1.23 (3H, t, J = 7.1 Hz, H-17), 1.30 (3H, t, J = 7.1 Hz, H-19), 3.10-
3.20 (2H, m, H-14) 3.96-4.08 (4H, m, H-16/18), 4.23 (1H, d, J= 9.1 Hz, H-5), 4.30-4.40
(3H, m, H-6/15), 7.00-7.10 (1H, m, NH-3), 7.44 (2H, t, J = 7.3, 8.0 Hz, H-10/12), 7.57
(1H, tt, J = 1.2, 8.0 Hz, H-11), 7.98 (2H, dd, J = 1.2, 7.3 Hz, H-9/13). **C NMR: (CDCl;,
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150 MHz): $16.2 (d, J = 7.5Hz, C-17), 16.3 (d, J = 7.5Hz, C-19), 45.9 (C-14), 60.8 (d, J =
5.9Hz, C-4), 63.1 (d, J = 5.9Hz, C-16), 63.2 (d, J = 5.9Hz, C-18), 65.8 (C-5), 70.1 (C-6),
128.7 (C-9/13), 129.2 (C-8), 129.8 (C-10/12), 133.7 (C-11), 158.9 (C-2), 166.2 (C-7). MS

(Cl) Cal’d for [C16H24N207P +] 387.1321; found 387.1.

Synthesis of 4-methyl(diethylphosphoramide)-4-methylhydroxy-2-oxazolidinone (35):

In a small vial phosphoramide 34 (0.0136 g, 0.0352 mmol, 1.0 eq) was dissolved in a
solution of aqueous sodium hydroxide (0.125M, 1 mL). This was stirred at room
temperature for 1 h, followed by acidification using a dilute HCI solution in water (pH ~
2). DCM (2 mL) was added and the organic layer was extracted, which was then washed
twice with water (1.5 mL x 2). The aqueous layer was kept, removing the solvent under
reduced pressure with purification obtained through silica olumn chromatography (80:20
ethyl acetate:hexanes, to 80:20 ethyl acetate:ethanol) to afford a clear, colourless oil
(0.0091 g, 0.32 mmol, 92%). IR (4000-625v cm™, NaCl): 3274 (OH/NH), 2983, 2917,
2871, 2109, 1746, 1541 (C=C), 1444, 1395 (C-0), 1370, 1225 (P-N), 1164, 1144, 1099,
1033 (C-0), 969 (P-0), 867, 799, 768, 714. 'H NMR: (CDCls, 600 MHz): §1.34 (3H, t, J
= 6.5 Hz, H-11), 1.33 (3H, t, J = 6.5 Hz, H-13), 3.05 (1H, ddd, J = 7.8, 11.3, 14.0 Hz, H-
8), 3.21 (1H, ddd, J = 7.8, 11.3, 14.0 Hz, H-8), 3.62 (1H, d, J = 11.7 Hz, H-6), 3.69 (1H,
d, J = 11.7 Hz, H-6), 3.94 (1H, dd, J = 7.8 Hz, NH-9), 4.07 (4H, dddd, J = 1.4, 6.5, 6.5,
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14.5 Hz, H-10/12), 4.11 (1H, d, J = 9.0 Hz, H-5), 4.24 (1H, d, J = 9.0 Hz, H-5), 6.62 (1H,
s, NH-3). 3C NMR (CDCls, 150 MHz): 16.3 (J = 4.9Hz, C-11/13), 45.2 (C-4), 62.3 (J =
3.9Hz, C-8), 63.3 (J = 5.7Hz, C-10), 63.4 (J = 5.7Hz, C-12), 64.3 (C-6), 70.5 (C-5), 159.4
(C-2). P NMR (CDCls, 243MHz, externally referenced to 85% HsPO, in D,0): §10.0.
MS (CI): Cal’d for [CoH20N,04P*]: 283.1059 [M + H'], Actual: 283.1057.

5-formyl-5-(tert-butoxycarbonylamino)-propyl-1,3-benzylidene acetal (36):>'*

Oxalyl chloride (0.30 mL, 0.44 g, 3.5 mmol, 2.1eq), was dissolved in DCM (9 mL) and
cooled to -78 °C. DMSO (040 mL, 0.44 g, 5.6 mmol, 3.4 eq) was added to the mix slowly
and the reaction was stirred for 40 mins. A solution of alcohol 2 (0.5045 g, 1.631 mmol,
1.0 eq) in DCM (2.5 mL) was added dropwise to the mixture over 3 mins and stirring was
continued at -78 °C for 55 mins. TEA (1.5 mL, 1.1 g, 11 mmol, 6.6 eq) was added to the
reaction and the solution was slowly allowed to warm to rt, stirring over 2 h. The solution
was quenched with 1M HCI (1 mL) and washed with sat’d NaHCO3, followed by brine.
The organic layer was dried over Na,;SO4 and the solvent was removed under reduced
pressure. Purification was obtained through silica column chromatography (100:0
hexanes:ethyl acetate, gradually increasing to 80:20 hexanes:ethyl acetate) to render a
white solid consisting of two inseparable isomers (0.3963 g, 1.289 mmol, 79%). IR
(4000-625v cm™, NaCl): 3341 (N-H), 2978, 2932, 2871, 1728 (C=0), 1700 (C=0), 1499,

1455, 1393, 1369, 1278, 1250, 1165, 1137, 1103, 1080, 1052, 989, 747, 699. *H NMR
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(Major isomer, 600 MHz, CDCls): 61.48 (9H, s, H-10/11/12), 4.14 (2H, d, J = 11.4 Hz,
H-4/6), 4.28 (2H, d, J = 11.4 Hz, H-4/6), 5.5 (1H, s, H-2), 5.7 (1H, s, NH-7), 7.34-7.42
(3H, m, H-16/17/18), 7.50 (2H, dd, J = 1.5, 7.9 Hz, H-15/19), 9.59 (1H, s, H-13). 'H
NMR (Minor isomer, 600 MHz, CDCls): 81.44 (9H, s, H-10/11/12), 4.34 (2H, d, J= 9.4
Hz, H-4/6), 4.52 (2H, d, J = 9.4 Hz, H-4/6), 5.25 (1H, s, NH-7), 5.70 (1H, s, H-2), 7.34-
7.42 (3H, m, H-16/17/18), 7.48 (2H, dd, J = 1.5, 7.2 Hz, H-15/19), 10.20 (0.5H, s, H-13).
3¢ NMR (Major isomer, 150 MHz, CDCls): §28.4 (C-10/11/12), 60.6 (C-4), 69.7 (C-
3/5), 81.4 (C-9), 101.8 (C-1), 126.3 (C-15/19), 128.5 (C-16/18), 129.5 (C-17), 137.2 (C-
14), 155.9 (C-8), 198.5 (C-13). *C NMR (Minor isomer, 150 MHz, CDCls): §28.4 (C-
10/11/12), 56.3 (C-4), 69.0 (C-3/5), 80.9 (C-9), 101.7 (C-1), 126.0 (C-15/19), 128.6 (C-
16/18), 129.5 (C-17), 137.0 (C-14), 154.4 (C-8), 200.5 (C-13). MS (ESI*): Calc’d. for

[C16H21NOsLi"] 314.1580; found 314.1579.

Svynthesis of propene-derivative 37:

In a flame-dried tapered microwave vial triphenylethylphosphonium bromide (0.1086 g,
0.2925 mmol, 3.8 eq) was dissolved in THF (0.4 mL) and the mixture was cooled to -78
°C. NaHMDS (1M in THF, 0.30 mL, 0.30 mmol, 0.055 g, 3.9 eq) was added slowly,
followed by warming of the mixture 0 °C. The solution was stirred for 30 mins, followed

by cooling to -78 °C. Aldehyde 36 (0.0237 g, 0.0771 mmol, 1.0 eq), which was dissolved
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in THF (0.35 mL), was added slowly to the ylide and the whole mixture was allowed to
slowly warm to rt. After stirring for 21 h the solvent was removed under reduced pressure
and purification was obtained through silica column chromatography (100 hexanes,
gradually increasing to 90:10 hexanes:ethyl acetate) to give a clear, colourless oil (0.0193
g, 0.0604 mmol, 78%). IR (4000-625v cm’}, NaCl): 3341 (N-H), 2976, 2930, 2857, 1717
(C=0), 1701 (C=0), 1497, 1455, 1391, 1366, 1244, 1165, 1111, 1018, 975, 747, 759,
698. 'H NMR (Z isomers, 50:50 ratio of each, reference to combined H-17/21 = 2H, 600
MHz, CDCly): 81.45 (9H, s, H-10/11/12), 1.82 (3H, dt, J = 1.6, 7.2 Hz, H-15), 4.13 (2H,
d, J = 10.7 Hz, H-4/6), 4.22 (2H, m, H-4/6), 4.49 (0.5H, s, NH-7), 4.63 (0.5H, s, NH-7),
5.16 (0.5H, d, J =11.8 Hz, H-13), 5.58 (0.5H, s, H-2), 5.59 (0.5H, s, H-2), 5.68 (0.5H,
dddd, J =7.2, 11.8 Hz, H-14), 5.73 (0.5H, dddd, J = 7.2, 11.7 Hz, H-14), 5.85 (0.5H, d, J
= 11.7 Hz, H-13), 7.37 (3H, m, H-18/19/20), 7.48 (2H, dd, J = 1.4, 7.1 Hz, H-17/21).'H
NMR (E isomer, reference H-17/21 = 2H, 600 MHz, CDCl5): 61.45 (9H, s, H-10/11/12),
1.78 (3H, d, J = 5.9 Hz, H-15), 3.81 (2H, d, J = 11.4 Hz, H-4/6), 4.38 (2H, d, J = 11.4
Hz, H-4/6), 5.38 (1H, s, NH-7), 5.50 (1H, s, H-2), 5.86 (1H, dddd, J = 5.9, 16.1 Hz, H-
14), 5.92 (1H, d, J = 16.1 Hz, H-13), 7.36 (3H, m, H-18/19/20), 7.50 (2H, dd, J =1.4, 7.1
Hz, H-17/21). *3C NMR (mixture of isomers, 150 MHz, CDCls): §14.4 (C-15), 18.3 (C-
15), 28.48 (C-10/11/12), 28.53 (C-10/11/12), 51.0 (C-5), 51.4 (C-5), 52.5 (C-5), 72.5 (C-
4/6), 101.1 (C-2), 101.3 (C-2), 101.8 (C-2), 125.9 (C-16), 126.2 (C-18/20), 126.4 (C-
18/20), 128.5 (C-17/21), 129.1 (C-17/21), 129.3 (C-19), 131.2 (C-14), 131.8 (C-14),
137.7 (C-13), 137.8 (C-13), 137.9 (C-13). MS (ESI+): Calc’d for [CigHasNO4™:

320.1856; found 320.2.
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Hydrogenation of 37 to afford 38:

Alkene 37 (0.0098 g, 0.030 mmol, 1.0 eq) was dissolved in THF (0.7 mL) and added to a
flame-dried 10 mL rbf. Pd (10% w/w loading on C, 0.0034 g, 0.0032 mmol, 0.11 eq) and
additional THF (0.5 mL) was then added and the flask was flushed with H, gas, topping
up the THF to replace evaporated solvent. The reaction was stirred for 3 h at rt, followed
by filtration through celite. The solvent was removed under reduced pressure and silica
column chromatography was performed for purification (100 hexanes, gradually
increasing to 60:30 hexanes:ethyl acetate) to give a clear, colourless oil (0.0062 g, 0.019
mmol, 64% based on full conversion). IR (4000-625v cm™, NaCl): 3344 (N-H), 2964,
2931, 2871, 1717 (C=0), 1701 (C=0), 1498, 1391, 1366, 1245, 1166, 1110, 1076, 1029,
977, 946, 698. 'H NMR (Z isomer, 600 MHz, CDCls): §1.45 (9H, s, H-10/11/12), 2.01
(3H, dd, J = 1.1, 6.1 Hz, H-15), 4.16 (2H, beneath peaks, H-4/6), 4.25 (2H, beneath
peaks, H-4/6), 4.48 (1H, s, NH-7), 5.58 (1H, s, H-2), 5.86 (1H, ddd, J = 6.2, 15.8 Hz, H-
14),5.92 (1H, dd, J = 1.1, 15.8 Hz, H-13), 7.32-7.41 (3H, m, H-18/19/20), 7.49 (2H, dd, J
=1.7, 8.2 Hz, H-17/21). *H NMR (Reduced major isomer, 600 MHz, CDCl5): §0.99 (3H,
t, J = 7.4 Hz, H-15), 1.3 (2H, m, H-14), 1.45 (9H, s, H-10/11/12), 2.00 (2H, m, H-13),
4.09 (2H, d, J = 10.3 Hz, H-4/6), 4.13 (2H, d, J = 10.3 Hz, H-4/6), 5.52 (1H, s, H-2),
7.32-7.41 (3H, m, H-18/19/20), 7.48 (2H, d, J = 8.0 Hz, H-17/21). *H NMR (Reduced

minor isomer, 600 MHz, CDCls): 60.94 (3H, t, J = 7.3 Hz, H-15), 1.39 (2H, m, H-14),
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1.45 (9H, s, H-10/11/12), 1.63 (2H, m, H-13), 3.66 (2H, d, J = 11.3 Hz, H-4/6), 4.29 (2H,
d, J = 11.3 Hz, H-4/6), 5.07 (1H, s, NH-7), 5.44 (1H, s, H-2), 7.32-7.41 (3H, m, H-
18/19/20), 7.48 (2H, d, J = 8.0 Hz, H-17/21). 3¢ NMR (Mixture of isomers, o denotes
alkene 37, 150 MHz, CDCls): 814.5 (C-15), 14.7 (C-15), 15.9 (C-14), 16.3 (C-14), 18.3
(C-13), 28.4 (C-10/11/12), 28.5 (C-10/11/12 ,), 28.6 (C-10/11/12), 35.1 (C-15,), 50.9 (C-
5), 51.4 (C-5), 51.9 (C-5), 69.8 (C-4/6), 71.9 (C-4/6), 73.5 (C-4/6), 80.0 (C-8), 101.3 (C-
2), 101.7 (C-2), 102.0 (C-2), 126.1 (C-13,), 126.3 (C-14,), 126.3 (C-18/20), 126.4 (C-
18/20), 126.5 (C-18/20), 128.5 (C-17/21), 128.5 (C-17/21), 128.6 (C-17/21), 129.1 (C-
19), 129.2 (C-19), 131.8 (C-19), 137.8 (C-16), 138.0 (C-16), 138.0 (C-16). MS (ESI+):

Calc’d for [C1gH2sNO,"]: 322.2013; found 322.2.

Svynthesis of 39:
o 0
J\ JL 12

7HN" 8 9 148
17

4

26 24 22 20 18 16,@1@

25 23 21 19 17

In a flame-dried tapered microwave vial triphenyltridecylphosphonium bromide (0.1070
g, 0.2036 mmol, 2.5 eq) and THF (0.5 mL) were added, followed by cooling of the
mixture to 0 °C. NaHMDS (1M in THF, 0.35 mL, 0.35 mmol, 0.064 g, 4.3 eq) was added
slowly and the mixture was stirred for 30 mins. In a separate vial aldehyde 36 (0.0250 g,
0.0813 mmol, 1.0 eq) was dissolved in THF (0.4 mL). The phosphonium ylide was
cooled to -78 °C and the aldehyde solution was added to the mixture dropwise. The vial

containing aldehyde 36 was then rinsed with THF (0.1 mL) and this portion of THF was
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also added to the ylide solution. The solution was allowed to warm to rt slowly, followed
by stirring for 20 h. The solvent was removed under reduced pressure and the crude
product was purified through silica column chromatography (100 hexanes, gradually
increasing to 90:10 hexanes:ethyl acetate) to give a clear, colourless oil (0.5187 g, 1.09
mmol, 134%). IR (4000-625v cm, NaCl): 3432 (N-H), 3340 (N-H), 2925, 2854, 1722
(C=0), 1701 (C=0), 1490, 1455, 1390, 1366, 1242, 1165, 1132, 1113, 1075, 1029, 979,
745, 721, 697. *H NMR (Major Z Alkene, 600 MHz, CDCl5): §0.88 (3H, t, J = 7.1 Hz,
H-26), 1.26 (18H, m, H-16/17/18/19/20/21/22/23/24), 1.38 (2H, m, H-25), 1.45 (9H, s, H-
10/11/12), 2.25 (2H, ddd, J = 1.4, 7.2 Hz, H-15), 3.79 (2H, d, J = 11.4 Hz, H-4/6), 4.38
(2H, d, J = 11.4 Hz, H-4/6), 5.14 (1H, d, J = 11.7 Hz, H-13), 5.34 (1H, s, NH-7), 5.49
(1H, s, H-2), 5.53-5.63 (1H, m, H-14), 7.32-7.42 (3H, m, H-18/19/20), 7.50 (2H, dd, J =
1.7, 8.2 Hz, H-17/21). *H NMR (Minor Z Alkene, 600 MHz, CDCls): §0.88 3H, t, J = 7.1
Hz, H-26), 1.26 (18H, m, H-16/17/18/19/20/21/22/23/24), 1.38 (2H, m, H-25), 1.44 (9H,
s, H-10/11/12), 2.20 (2H, ddd, J = 1.5, 7.5 Hz, H-15), 4.16-4.26 (4H, m, H-4/6), 4.66 (1H,
s, NH-7), 5.53-5.63 (2H, m, H-2/14), 5.80 (1H, d, J = 11.7 Hz, H-13), 7.32-7.42 (3H, m,
H-18/19/20), 7.50 (2H, dd, J = 1.7, 8.5 Hz, H-17/21). 'H NMR (Trace E Alkene, 600
MHz, CDCls, referenced to Z-10/11/12): $2.10 (2H, dd, J = 7.1 Hz), 4.47 (0.15H, s), 5.8
(0.16H, ddd, J = 6.0, 16.1 Hz), 5.88 (0.16H, d, J = 16.1 Hz). *C NMR (a denotes major
& B denotes minor, 150 MHz, CDCls): §14.3 (C-26), 22.8 (C-25), 28.5 (C-10/11/12,),
28.6 (C-10/11/12;), 28.8 (C-24,), 28.9 (C-245), 29.3 (C-16-23), 29.4 (C-16-23), 29.5 (C-
16-23), 29.6 (C-16-23), 29.6 (C-16-23), 29.7 (C-16-23), 29.8 (C-16-23), 29.8 (C-16-23),

29.8 (C-16-23), 29.9 (C-16-23), 30.0 (C-16-23), 30.5 (C-16-23), 32.1 (C-15 ), 32.8 (C-15
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5), 51.1 (C-5p), 52.3 (C-5), 72.3 (C-4/6 5), 72.7 (C-4/6 ), 79.5 (C-9), 101.0 (C-2 ), 101.7
(C-2,), 126.2 (C-18/20 ), 126.5 (C-18/20 ), 1285 (C-17/21 ,), 128.5 (C-17/21 ), 129.1
(C-19p), 129.1 (C-19 ), 129.3 (C-19 ), 130.0 (C-14 ), 130.5 (C-14 ), 134.1 (C-13 ),
135.4(C-13 ,), 137.7 (C-16 ), 137.9 (C-16 ,), 154.7 (C-8). MS (ESI+): Cal’d for
[CaoHssNO,]: 474.3578; found 474.5.

Synthesis of triazole (40):**°

In a flame-dried tapered microwave vial under N, azide 14 (0.0091 g, 0.33 mmol, 1.0 eq),
copper (1) iodide (0.0008 g, 0.0042 mmol, 0.13 eq), and copper acetate monohydrate (0.006
g, 0.003 mmol, 0.09 eq) were dissolved in dry THF (0.07 mL). Phenylacetylene (0.004 mL,
0.0037 g, 0.036 mmol, 1.1 eq) was added and heated at 50 °C for 5.5 h, then temperature was
lowered and the mixture was heated at 40 °C for a further 18 h, with THF added throughout
the reaction to counteract the evaporation of solvent. The mixture was cooled to room
temperature and diluted with water (0.2 mL), then washed with DCM (0.2 mL, 3 times) and
the organic layers combined and rinsed with saturated NaHCO3. The organic layer solvent
was removed under reduced pressure and purification was obtained through silica column
chromatography (80:20 hexanes:ethyl acetate, slowly increasing the ratio to 50:50

hexanes:ethyl acetate) to give a white solid (0.0089g, 0.024 mmol, 71.3%). IR (4000-625v
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cm™, NaCl): 2920 (C-H), 2850, 2110, 1760 (C=0), 1722 (C=0), 1700 (C=0), 1700, 1406,
1318, 1266 (C-0), 1181, 1111, 1073, 1042, 1028, 909, 765, 713. 'H NMR (CDCl;, 600
MHz): 54.32 (1H, d, J = 11.7 Hz, H-14), 4.44 (1H, d, J = 9.3 Hz, H-6), 4.45 (1H, d, J = 11.7
Hz, H-14), 4.53 (1H, d, J = 9.3 Hz, H-6), 4.65 (1H, d, J = 14.4 Hz, H-5), 4.69 (1H, d, J = 14.4
Hz, H-5), 6.5 (1H, s — broad, NH-3), 7.34 (1H, tt, J = 1.1, 7.5 Hz, H-20), 7.41 (2H, 1, J= 7.5
Hz, H-19/21), 7.45 (2H, t, J = 7.5, 8.1 Hz, H-10/12), 7.60 (1H, tt, J = 1.2, 8.1 Hz, H-11), 7.78
(2H, dd, J = 1.1, 7.3 Hz, H-18/22), 7.87 (1H, s, H-15), 8.00 (2H, dd, J = 1.2, 8.1 Hz, H-9/13).
3C NMR (150 MHz, DMSO-dg): 854.1 (C-4), 60.7 (C-14), 60.8 (C-14), 67.3 (C-5), 69.9 (C-
6), 123.2 (C-20), 126.3 (C-18/22), 128.8 (C-11), 129.5 (C-19/21), 129.7 (C-10/12), 130.5 (C-
17), 130.5 (C-9/13), 132.0 (C-8), 134.4 (C-15), 148.1 (C-16), 158.3 (C-2), 158.3 (C-2), 166.4

(C-7). MS (CI): Calculated: 379.1406 [M + H']. Actual: 379.1405.

13C NMR in DMSO-ds at 600MHz
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Synthesis of chloro-triazole 41:°

In a flame-dried tapered microwave vial under N, azide 14 (0.030 g, 0.11 mmol, 1.0 eq),
copper (1) iodide (0.0013 g, 0.0068 mmol, 0.06 eq), and copper (Il) acetate monohydrate
(0.0015 g, 0.0075 mmol, 0.079 eq) were dissolved in dry THF (0.2 mL). 5-chloro-1-
pentyne (0.018 mL, 0.017 g, 0.17 mmol, 1.5 eq) was added and the mixture was heated at
50 °C for 18 h, with THF added throughout the reaction to counter the evaporation of
solvent. The mixture was cooled to room temperature and the solvent removed under
pressure and purification was obtained through column chromatography (silica gel, 80:20
hexanes:ethyl acetate, slowly increasing the ratio to 50:50 hexanes:ethyl acetate) to give a
white solid (0.0292 g, 0.0771 mmol, 70%). %. IR (4000-625v cm™, NaCl): 3341 (N-H),
3126, 3013, 2920, 1765, 1747 (C=0), 1715 (C=0), 1471, 1451, 1439, 1426, 1395, 1350,
1335, 1313, 1299, 1277 (C-0), 1264 (C-0), 1225, 1177, 1163, 1123, 1110, 1097, 1071,
1041 (C-N), 999, 951, 929, 910, 863, 826, 82, 766, 706 (C-Cl), 696, 651. 'H NMR
(CDCls, 600 MHz): 2.13 (2H, tt, J = 6.3, 7.3 Hz, H-18), 2.87 (2H, t, J = 7.3 Hz, H-17),
3.54 (2H, t, J = 6.3 Hz, H-19), 4.29 (1H, d, J = 11.7 Hz, H-4), 4.41 (1H, d, J = 9.2 Hz, H-
6), 4.41 (1H, d, J = 11.7 Hz, H-14), 451 (1H, d, 9.2 Hz, H-6), 4.60 (1H, d, J = 14.4 Hz,
H-5), 4.66 (1H, d, J = 14.4 Hz, H-5), 6.76 (1H, s, NH-3), 7.46 (2H, dd, 7.2, 8.1 Hz, H-

10/12), 7.47 (1H, s, H-15), 7.61 (1H, t, J = 7.2 Hz, H-11), 8.01 (2H, d, J = 8.1 Hz, H-
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9/13). *C NMR (CDCls, 150 MHz): 22.6 (C-18), 31.7 (C-17), 44.2 (C-19), 53.4 (C-14),
60.3 (C-4), 65.9 (C-5), 69.8 (C-6), 123.2 (C-15), 128.7 (C-8), 128.9 (C-10/12), 129.9 (C-
9/13), 134.1 (C-11), 147.1 (C-16), 158.2 (C-2), 165.9 (C-7). MS (CI): Cal’d for
[C17H20CIN,O4]: 379.11; found 379.1.

Synthesis of bromo-triazole 42:*°

ol i
B 18
In a flame-dried tapered microwave vial under N, azide 14 (0.0308 g, 0.115 mmol, 1.0
eq), copper (1) iodide (0.0018 g, 0.0094 mmol, 0.085 eq), and copper acetate
monohydrate (0.0016 g, 0.0080 mmol, 0.07 eq) were dissolved in dry THF (0.2 mL). 4-
bromo-1-butyne (0.010 mL, 0.014g, 0.11mmol, 1.0eq) was added and heated at 50 °C for
18 h, with THF added throughout the reaction due to the evaporation of solvent. The
mixture was cooled to rt and the solvent removed under pressure and purification was
obtained through column chromatography (silica gel, 80:20 hexanes:ethyl acetate, slowly
increasing the ratio to 30:70 hexanes:ethyl acetate) to afford a white solid (0.0252 g,
0.616 mmol, 56%). IR (4000-625v cm™, NaCl): 3263 (N-H), 3143, 3074, 3012, 2961
(N=N), 2919 (N=N), 1762 (C=0), 1725 (C=0), 1602 (C-N), 1584, 1554, 1451, 1403,
1316, 1270 (C-0O), 1178, 1110, 1071, 1047, 1028, 1000, 929, 879, 805, 762, 712, 686,

667. 'H NMR (CDCls, 600 MHz): §3.26 (2H, t, J = 6.7 Hz, H-17), 3.61 (2H, t, J = 6.7
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Hz, H-18), 4.29 (1H, d, J = 11.6 Hz, H-14), 4.40 (1H, d, J = 9.5 Hz, H-6), 4.41 (1H, d, J =
11.6 Hz, H-14), 4.54 (1H, d, J = 9.5 Hz, H-6), 4.63 (1H, d, J = 14.4 Hz, H-5), 4.68 (1H, d,
J=14.4 Hz, H-5), 6.89 (1H, s, NH-3), 7.46 (2H, dd, J = 7.5, 7.7 Hz, H-10/12), 7.61 (1H,
t, J = 7.5 Hz, H-11), 7.61 (1H, s, H-15), 8.01 (2H, d, J = 7.7 Hz, H-9/13). *C NMR
(CDCls, 150 MHz): 29.3 (C-18), 31.5 (C-17), 53.3 (C-14), 60.3 (C-4), 65.9 (C-5), 69.8
(C-6), 123.9 (C-15), 128.7 (C-8), 128.9 (C-10/12), 129.9 (C-9/13), 134.1 (C-11), 145.6

(C-16), 158.3 (C-2), 165.9 (C-7). MS (ESI+): Calc’d for [CisH1sBrN4O4]: 409.0511;

found 409.0528.
Synthesis of 43:
o Wn
7HN)SJ\OJQL112
184 " 1
6 ~012
25 9{\!\,\!" 16

In a flame-dried 2-neck 10 mL rbf triethyl(4-chlorobenzyl)phosphonium bromide (0.1300
g, 0.4017 mmol, 4.5 eq) and THF (1 mL) were added and cooled to 0 °C. NaHMDS (1M
in THF, 0.45 mL, 0.45 mmol, 2.8 eq) was then added dropwise to the solution and the
mixture was stirred for 30 mins, then cooled to -78 °C. Aldehyde 36 (0.0487 g, 0.158
mmol, 1.0 eq) was dissolved in a separate vial with THF (0.6 mL) and then added
dropwise to the phosphonium ylide. Additional THF (0.3 mL) was used to rinse the vial
with the aldehyde, which was then added to the ylide mixture. The solution is left to

warm to rt, stirring for 15 h. Purification was obtained through silica column
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chromatography (100 hexanes, increasing gradually to 95:5 hexanes:ethyl acetate) to give
a total of 4 isomers, two of which were separable E/Z isomers, as a white solid (0.0626 g,
0.151 mmol, 95%). IR (Z isomer, 4000-625v cm™, NaCl): 3429 (N-H), 2976, 2928, 2860,
1717 (C=0), 1490, 1454, 1366, 1293, 1167, 1128, 1074, 1015, 1029, 980, 745, 698. *H
NMR (Z isomer, 600 MHz, CDCl,): 51.38 (9H, s, H-10/11/12), 3.74 (2H, d, J = 11.3 Hz,
H-4/6), 4.31 (2H, d, J = 11.3 Hz, H-4/6), 5.27 (1H, broad s, NH-7), 5.39 (1H, s, H-2),
5.52 (1H, d, J = 12.6 Hz, H-18), 6.66 (1H, d, J = 12.6 Hz, H-19), 7.23 (2H, d, J = 8.4 Hz,
H-21/25), 7.29 (2H, d, J = 8.4 Hz, H-22/24), 7.48-7.38 (2H, m, H-14/15/16), 7.44 (2H,
dd, J = 1.7, 7.6 Hz, H-13/17). *C NMR (Z isomer, 150 MHz, CDCls): 828.5 (C-
10/11/12), 52.6 (C-5), 72.7 (C-4/6), 79.7 (C-9), 101.7 (C-2), 126.1 (C-14/16), 128.2 (C-
13/17), 128.5 (C-22/24), 128.8 (C-15), 129.3 (C-19), 130.2 (C-21/25), 132.0 (C-18),
133.3 (C-23), 135.9 (C-20), 137.7 (C-12), 154.6 (C-8). MS (Z isomer, ESI+): Calc’d for
[C23H27CINO,']: 416.1623, 418.1599, 417.1662; found 416.2, 418.2, 417.2. IR (E isomer,
4000-625v cm’®, NaCl): 3349 (N-H), 2976, 2928, 2860, 1705 (C=0), 1491, 1392, 1367,
1392, 1367, 1167, 979, 698. *H NMR (E isomer, 600 MHz, CDCls): 51.45 (9H, s, H-
10/11/12), 3.92 (2H, d, J = 11.3 Hz, H-4/6), 4.37 (2H, d, J = 11.3 Hz, H-4/6), 5.37 (1H,
broad s, NH-7), 5.53 (1H, s, H-2), 6.17 (1H, d, J = 16.5 Hz, H-18), 6.52 (1H, s, J = 16.5
Hz, H-19), 7.27-7.31 (4H, dd, J = 8.3 Hz, H-21/22/24/25), 7.37-7.43 (3H, m, H-
19/20/21), 7.53 (2H, dd, J = 1.2, 8.3 Hz, H-13/17). *C NMR (E isomer, 150 MHz,
CDCls): §28.6 (C-10/11/12), 53.2 (C-5), 72.9 (C-4/6), 80.0 (C-9), 102.0 (C-2), 126.2 (C-
14/16), 127.8 (C-13/17), 128.4 (C-12), 128.5 (C-22/24), 128.9 (C-21/25), 129.4 (C-19),

129.9 (C-18), 130.1 (C-15), 133.7 (C-23), 135.1 (C-20), 137.7 (C-12), 155.0 (C-8). MS
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(E isomer, ESI+): Calc’d for [Ca3H,7CINO,']: 416.1623, 418.1599, 417.1662; found

416.2,418.2, 417.2.

Hydrogenation of 43 to alkane 44:

To a small sample vial was added alkene 43 (0.0172 g, 0.0141 mmol, 1.0 eq), and the vial
was placed under reduced pressure and the atmosphere within replaced with N,. THF
(0.80 mL) was added, followed by Pd (10% w/w loading on C, 0.0043 g, 0.0040 mmol,
0.098 eq). The flask flushed with Hyg) and left to stir under a hydrogen atmosphere for
17.5 h The solution was filtered through a pipette packed with cotton, Na,SO,, and celite,
with subsequent washings with copious amounts of THF. The solvent was removed under
reduced pressure to afford a white solid as a mixture of 2 cis/trans isomers (0.0173 g,
0.0412 mmol, 99.6%). IR (4000-625v cm®, NaCl): 3425 (N-H), 3359 (N-H), 2967, 2917,
2850, 1713 (C=0), 1493, 1455, 392, 1366, 1261, 1134, 1092, 1077, 1015, 807, 743, 699.
'H NMR (Major isomer, 600 MHz, CDCls): $1.48 (9H, s, H-10/11/12), 1.96 (2H, dt, J =
5.7, 8.4 Hz, H-19), 2.57 (2H, dt, J = 5.7, 8.4 Hz, H-18), 3.68 (2H, d, J = 11.1 Hz, H-4/6),
4.30 (2H, d, J = 11.1 Hz, H-4/6), 5.19 (1H, broad s, NH-7), 5.45 (1H, s, H-2), 7.13 (2H, d,
J = 8.1 Hz, H-21/25), 7.28 (2H, d, J = 8.1 Hz, H-22/24), 7.34-7.43 (3H, m, H-14/15/16),

7.5 (2H, dd, J = 1.3, 7.6 Hz, H-13/17). *H NMR (Minor isomer, 600 MHz, CDCls): 51.46
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(9H, s, H-10/11/12), 2.38 (2H, dt, J = 5.3, 8.3 Hz, H-19), 2.66 (2H, dt, J = 5.3, 8.3 Hz, H-
18), 4.02 (1H, broad s, NH-7), 4.22 (2H, d, J = 10.9 Hz, H-4/6), 4.43 (2H, within major
H-4/6 peak, H-4/6), 5.53 (1H, s, H-2), 7.16 (2H, d, J = 8.4 Hz, H-21/25), 7.25 (2H, within
major H-22/24 & solvent, H-22/24), 7.34-7.43 (3H, m, H-14/15/16), 7.47 (2H, d, J = 6.7
Hz, H-13/17). *C NMR (Major isomer, 150 MHz, CDCls): $28.6 (C-10/11/12), 29.8 (C-
19), 33.2 (C-18), 51.9 (C-5), 73.4 (C-4/6), 79.6 (C-9), 102.0 (C-2), 126.2 (C-14/16),
128.5 (C-13/17), 128.7 (C-21/25), 139.3 (C-15), 129.9 (C-22/24), 131.9 (C-23), 137.8 (C-
12), 140.5 (C-20), 155.1 (C-8). **C NMR (Major isomer, 150 MHz, CDCls): §28.5 (C-
10/11/12), 29.1 (C-19), 34.0 (C-18), 50.8 (C-5), 72.2 (C-4/6), 79.6 (C-9), 101.9 (C-2),
126.3 (C-14/16), 128.5 (C-13/17), 126.7 (C-21/25), 129.2 (C-15), 129.8 (C-22/24), 131.8
(C-23), 137.7 (C-12), 140.5 (C-20), 155.1 (C-8). MS (ESI+): Cal’d for [Ca3H2CINO,™:

418.1785, 420.1756; found 418.3, 420.2.

Svynthesis of 46:

In a flame-dried tapered microwave vial triethyl-4-bromobenzylphosphomium bromide
(0.2473 g, 0.6718 mmol, 2.3 eq) was dissolved in THF (1.6 mL) and cooled to 0 °C.
NaHMDS (1M in THF, 0.75 mL, 0.75 mmol, 0.14 g, 2.5 eq) is added slowly and stirred

for 2 h. In a separate vial aldehyde 36 (0.0910 g, 0.293 mmol, 1.0 eq) was dissolved in

180



Ph.D. Dissertation — J. Calzavara; McMaster University — Chemistry

THF (0.8 mL). The phosphorus ylide was cooled to -78 °C and the aldehyde solution was
added dropwise. The vial previously containing aldehyde 36 was rinsed with THF (0.4
mL) and this was also added to the phosphorus ylide. The solution was allowed to warm
to rt slowly, followed by stirring for 20 h. The solvent was removed under reduced
pressure and the product was purified through silica column chromatography (100
hexanes, gradually increasing to 70:30 hexanes:ethyl acetate) to give a white solid, with Z
being the predominant isomer (0.0975 g, 0.212 mmol, 72%). IR (4000-625v cm™, NaCl):
3399 (N-H), 2977, 2917, 2866, 1700 (C=0), 1515, 1487, 1391, 1366, 1245, 1156, 1073,
1047, 1020, 1009, 987, 968, 855, 764, 698. 'H NMR (Z isomer, 600 MHz, CDCl5): 61.45
(9H, s, H-10/11/12), 4.01 (2H, d, J = 10.6 Hz, H-4/6), 4.29 (2H, d, J = 10.6 Hz, H-4/6),
5.37 (1H, s, NH-7), 5.59 (1H, s, H-2), 6.24 (1H, d, J = 12.5 Hz, H-18), 6.67 (1H, d, J =
12.5 Hz, H-19), 7.10 (2H, d, J = 8.2 Hz, H-22/24), 7.34-7.46 (5H, m, H-14/15/16/21/25),
7.48 (2H, dd, J = 1.4, 8.0 Hz, H-13/17). *H NMR (E isomer, 600 MHz, CDCls): §1.33
(9H, s, H-10/11/12), 3.92 (2H, d, J = 11.4 Hz, H-4/6), 4.37 (2H, d, J = 11.4 Hz, H-4/6),
4.35 (1H, s, NH-7), 5.53 (1H, s, H-2), 6.19 (1H, d, J = 16.5 Hz, H-18), 6.51 (1H, d, J =
16.5 Hz, H-19), 7.24 (2H, d, J = 8.5 Hz, H-22/24), 7.34-7.46 (5H, m, H-14/15/16/21/25),
7.52 (2H, dd, J = 1.4, 7.9 Hz, H-13/17). **C NMR (Z isomer, 150 MHz, CDCl5): §28.4
(C-10/11/12), 53.6 (C-5), 73.2 (C-4/6), 80.0 (C-9), 101.3 (C-2), 121.1 (C-23), 126.4 (C-
14/16), 128.1 (C-19), 128.6 (C-13/17), 129.2 (C-18), 130.4 (C-21/25), 131.3 (C-22/24),
133.0 (C-15), 136.5 (C-20), 137.4 (C-12), 155.0 (C-8). **C NMR (E isomer, 150 MHz,
CDCly): 528.5 (C-10/11/12), 53.2 (C-5), 72.9 (C-4/6), 80.0 (C-9), 101.9 (C-2), 121.8 (C-

23), 126.2 (C-14/16), 128.0 (C-19), 128.5 (C-13/17), 129.4 (C-18), 129.9 (C-21/25),
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131.8 (C-22/24), 133.0 (C-15), 135.5 (C-20), 137.7 (C-12), 153.8 (C-8). MS (ESI+):

Calc’d for [Cp3H27BrNO,4']: 460.1123, 462.1103; found 460.2, 462.2.

4-(hept-1-en-1-yDbenzyl alcohol (52):

In a 10 mL rbf under N, triphenylhexylphosphonium bromide (0.5949 g, 1.392 mmol,
2.06 eq) and THF (2.25 mL) were added. The mixture was cooled to 0 °C and NaHMDS
(AM in THF, 1.60 mL, 1.60 mmol, 2.4 eq) was added, stirring for 1.5 h. The phosphylide
was then cooled to -78 °C and 4-(hydroxymethyl)benzaldehyde (51, 0.0918 g, 0.674
mmol, 1.0 eq) in THF (0.70 mL) was added. The mixture was stirred 19.5 h, followed by
addition of sat’d NH4CI (3 mL). The layers were separated and the aqueous layer was
washed with Et,0 (3 mL x 3), dried over Na,SOy, filtered, and the solvent removed under
reduced pressure. The product was obtained pure via silica column chromatography (100
hexanes, gradually increasing to 90:10 hexanes:ethyl acetae) to afford the product as a
clear, faintly yellow oil as primarily (<95%) the (Z)-isomer (0.1174 g, 0.5751 mmol,
85%). 'H NMR (600 MHz, CDCl5): §0.90 (3H, m, H-15), 1.29-1.37 (4H, m, H-12/13),
1.47 (2H, q, J = 7.2, 14.4 Hz, H-14), 2.33 (2H, dd, J = 7.3, 14.9 Hz, H-11), 4.64 (2H, s,
H-7), 5.68 (1H, dt, J = 7.0, 11.8 Hz, H-10), 6.40 (1H, d, J = 12.1 Hz, H-9), 7.27 (2H, d, J

= 8.0 Hz, H-2/6), 7.30 (2H, d, J = 8.0 Hz, H-3/5). *C DeptQ NMR (150 MHz, CDCl5):
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§14.1 (C-15), 22.6 (C-14), 28.7 (C-12/13), 29.7 (C-12/13), 31.6 (C-11), 65.0 (C-7), 126.9

(C-3/5), 128.4 (C-9), 129.0 (C-2/6), 133.4 (C-10), 137.2 (C-4), 139.1 (C-1).

Formation of Phosphonium salt 53:

16 e
Br
6 7 15
5 P 18
\/
®17
8 f 2 19
13 1 | 3 20
NN 9
14 1210

In a tapered microwave vial alcohol 52 (0.1032 g, 0.5055 mmol, 1.0 eq) was added to
triethylphosphine hydrobromide (0.0.803 g, 0.519 mmol, 1.03 eq) and the mixture was
heated at 110 °C with stirring for 20 h. The mixture was dissolved with DCM, dried over
Na,SOq,, filtered, and the solvent removed under reduced pressure to afford a white solid
that was used without further purification (0.1628 g, 0.4775 mmol, 94%). ‘H NMR
(minor contamination with starting alcohol, 600 MHz, CDCls): 80.87 (4H, m, H-14),
1.18-1.26 (12H, m, H-16/18/20), 1.26-1.35 (6H, m, H-11/12), 1.40-1.48 (3H, m, H-13),
2.26 (2H, dd, J = 7.4, 14.8 Hz, H-10), 2.46-2.56 (8H, m, H-15/17/19), 4.21 (2H, d, J =
15.6 Hz, H-7), 5.69 (1H, dt, J = 7.3, 12.0, 14.1 Hz, H-9), 6.33 (1H, d, J = 11.7 Hz, H-8),
7.23-7.27 (2H, m, obscured by solvent peak, H-3/5), 7.41 (2H, dd, J = 2.1, 8.0 Hz, H-2/6).
3¢ NMR (minor contamination with starting alcohol, 150 MHz, CDCl3): 86.1 (Jcp = 5.3
Hz, C-16/18/20), 12.1 (Jcp = 48.6 Hz, C-15/17/19), 14.1 (C-14), 22.6 (C-12), 26.0 (Jcp =
45.4 Hz, H-T), 28.7 (C-11), 29.6 (C-13), 31.6 (C-10), 127.0 (C-4), 127.8 (C-9), 129.9 (C-
3/5), 130.1 (Jcp = 4.7 Hz, C-2/6), 134.6 (C-8), 138.2 (C-1). *'P NMR (80 MHz, CDCls,

externally referenced to 85% H3PO, in D,0): 337.5.
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Svynthesis of 54:

To a flame-dried tapered microwave vial under N, was added phosphonium salt 53
(0.1351 g, 0.3806 mmol, 2.11 eq), aldehyde 36 (0.0554 g, 0.180 mmol, 1.0 eq), K,CO3
(0.12075 ¢, 0.7778 mmol, 4.3 eq), and H,O (0.25 mL). The vial was capped and
microwaved at 70 °C for 30 mins. To the solution was added H,O (1 mL) and the product
was extracted with Et,O (3 mL x 7), the organic layers combined, dried over Na;SO,,
filterd, and the solvent removed under reduced pressure. Purification was obtained
through silica column chromatography (100 hexanes to 95:5 hexanes:ethyl acetate) to
afford a white solid, however, alcohol 52 contaminated the mixture and began to elute
with the product, so isolated yield not reflective (0.0315 g, 0.660 mmol, 37%). Due to

complexity of the spectra, total "H NMR assignment was not attempted.
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'H NMR in CDCl; at 600MHz
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44 40

Formation of 55:
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To a small sample vial 54 (0.0135 g, 0.0283 mmol, 1.0 eq) was added and the atmosphere
was evacuated and replaced with N,. THF (1.0 mL) and Pd (10% w/w loading on C,
0.0092 g, 0.086 mmol, 0.31 eq) were added and the vial was charged with Hyg), with
addition of THF throughout to maintain a constant volume of solvent. The reaction was
stirred forl6 h at rt, followed by filtration through celite. The celite washed with copious
amounts of Et,O and the organic portions were combined and the solvent removed under
reduced pressure. Further purification was obtained through a silica plug to afford 55 as a
white solid (cis:trans 35:65, 0.0132 g, 0.0274 mmol, 97%). *H NMR not fully assigned
due to complexity. *H NMR (major isomer, 600 MHz, CDCls): 50.88 (3H, t, J = 6.8 Hz,

H-33), 1.22-1.36 (8H, m, H-29/30/31/32), 1.49 (9H, s, H-16/17/18), 1.56-1.62 (2H, m, H-
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28), 1.97 (2H, t, J = 7.0 Hz, H-19), 2.53-2.60 (4H, m, H-20/27), 3.67 (2H, d, J =10.7 Hz,
H-4/6), 4.30 (2H, d, J = 4.29 Hz, H-4/6), 5.16 (1H, s, NH-13), 5.45 (1H, s, H-2), 7.07-
7.12 (4H, m, H-22/23/25/26), 7.33-7.41 (3H, m, H-9/10/11), 7.50 (2H, d, J = 7.3 Hz, H-
8/12). *H NMR (minor isomer, 600 MHz, CDCl5): §0.88 (3H, t, J = 6.8 Hz, H-33), 1.22-
1.36 (8H, m, H-29/30/31/32), 1.46 (9H, s, H-16/17/18), 1.56-1.62 (2H, m, H-28), 2.36-
2.31 (2H, m, H-19), 2.53-2.60 (2H, m, H-27), 2.64-2.68 (2H, m, H-20), 4.00-4.16 (2H, B,
m, H-4/6), 4.20 (2H, d, J = 10.7 Hz, H-4/6), 5.53 (1H, s, H-2), 7.07-7.12 (2H, m, H-
23/25), 7.14 (2H, d, J = 7.9 Hz, H-22/26), 7.33-7.41 (3H, m, H-9/10/11), 7.48 (2H, d, J =
7.6 Hz, H-8/12). Or: 'H NMR (as a mixture of isomers with o = major and p = minor,
600 MHz, CDCls): 50.88 (3H, B, t, J = 6.8 Hz, H-33), 1.22-1.36 (8H, of, m, H-
29/30/31/32), 1.46 (9H, P, s, H-16/17/18), 1.49 (9H, a, s), 1.56-1.62 (2H, af, m, H-28),
1.97 (2H, o, t, J = 7.0 Hz, H-19), 2.36-2.31 (2H, B, m), H-19, 2.53-2.60 (ax4H & Bx2H,
m, H-20/27,3 & 27), 2.64 (2H, B, m, H-20), 3.67 (2H, o, d, J =10.7 Hz, H-4/6), 4.00-4.16
(2H, B, m, H-4/6), 4.20 (2H, B, d, J = 10.7 Hz, H-4/6), 4.30 (2H, a, d, J = 4.29 Hz, H-4/6),
5.16 (1H, o, s, NH-13), 5.45 (1H, a, s, H-2), 5.53 (1H, B, s, H-2), 7.07-7.12 (ax4H &
Bx2H, m, H-22/23/25/26, & H-22/26g), 7.14 (2H, B, d, J = 7.9 Hz, H-23/25), 7.33-7.41
(3H, o, m, H — 9/10/11), 7.48 (2H, B, d, J = 7.6 Hz, H-8/12), 7.50 (2H, 0, d, J = 7.3 Hz,
H-8/12). °C NMR (mixture of isomers, 150MHz, CDCls): 514.6 (C-33), 22.7, 28.4, 28.5,
28.6, 29.2, 29.3, 29.4, 31.7, 31.9, 34.3, 35.6, 51.9 (C-5), 72.0 (C-15), 73.4 (C-4/6), 101.8
(C-2), 101.9 (C-2), 126.1, 126.3, 128.2, 128.3, 128.4, 128.6, 129.2, 129.2, 137.8, 138.9,

139.1, 140.7, 156.3 (C-14).
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!H NMR in CDCl; at 600MHz

Triphenylheptylphosphonium bromide (4.0588 g, 9.1957 mmol, 3.03 eq) was suspended
in dry THF (9.0 mL) and the mixture was cooled to 0 °C while stirring. LIHMDS (1M in
THF, 9.4 mL, 9.4 mmol, 3.1 eq) was added dropwise to the mixture and stirred for 1 h,
followed by cooling to -78 °C. A solution of 4-(methoxymethyl)benzaldhyde'®* (51,
0.4133 g, 3.036mmol , 1.0 eq) in dry THF (5 mL) was then added dropwise to the
phosphoranylide. The solution was allowed to warm to rt slowly and stirred for 20 h. The
mixture was quenched with NH4CI (20 mL), separated, and the aqueous layer was washed
with Et,O (20 mL x 2, 10 mL x 1) and EtOAc (10 mL). The organic layers were
combined and the solvent removed. Purification was obtained through column

chromatography (100 hexanes to 90:10 hexanes:ethyl acetate) to give a faint yellow oil as
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a mixture of (Z):(E) isomers in a 9:1 ratio (0.5780 g, 2.647 mmol, 87%). IR (4000-625v
cm, NaCl): 3335 (broad OH), 3007, 2955, 2925, 2855, 1457, 1437, 1174, 1014, 722,
695. 'H NMR (Z isomer, 600 MHz, CDCl5): §0.88 (3H, t, J = 7.0 Hz, H-16), 1.23-1.39
(6H, m, H-12/13/14), 1.41-1.50 (2H, m, H-15), 2.33 (2H, dq, J = 1.8, 7.4 Hz, H-11), 4.67
(2H, s, H-7), 5.68 (1H, dt, J = 7.4, 11.7 Hz, H-10), 6.40 (1H, d, J = 11.7 Hz, H-9), 7.25
(2H, d, J = 8.1 Hz, H-2/6), 7.33 (2H, d, J = 8.1 Hz, H-3/5). *H NMR (E isomer, 600 MHz,
CDCls): §0.90 (3H, t, J = 6.9 Hz, H-16), 1.23-1.39 (6H, m, H-12/13/14), 1.41-1.50 (2H,
m, H-15), 2.21 (2H, dq, J = 1.3, 7.2 Hz, H-11), 4.64 (2H, s, H-7), 6.23 (1H, dt, J = 6.9,
15.9 Hz, H-10), 6.37 (1H, d, J = 15.9 Hz, H-9), 7.26 (2H, d, J = 8.1 Hz, H-2/6), 7.32 (2H,
d, J = 8.1 Hz, H-3/5). °C NMR (Z & E isomers, 150 MHz, CDCls): $14.2, 14.2, 22.7,
28.8, 29.0, 29.2, 29.5, 30.1, 31.8, 31.9, 33.2, 65.3, 126.2, 127.0, 127.4, 128.4, 129.0,
129.4, 131.5, 133.6, 137.4, 137.6, 139.1, 139.5. MS (ESI*, TOF): Cal’d. for C1sH2,0 [M

+ Ag'] 325.0722; found 325.0720.

Formation of Phosphonium salt 50:
14
11 12//@3
©
9
10 /@p 15 Br
6 16
17 \>1-7\ 19

18

4-(Oct-1-enyl)benzylalcohol (56, 0.3029 g, 1.387 mmol, 1.0 eq) and
triisobutylphosphonium hydrobromide (0.3619 g, 1.501 mmol, 1.08 eq), were added to a

microwave vial neat. The mixture was placed under reduced pressure and subsequently
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flushed with N,. The mixture was stirred and heated at 110 °C overnight. The resulting
mixture was cooled, diluted with DCM (5 mL), dried (Na,SO,) filtered, and the solvent
removed under reduced pressure. The product was used without further purification
((2):(E) 75:25 0.6701 g, 1.386 mmol, 99.7%). IR (4000-625v cm™, NaCl): 2959, 2926,
2871, 1511, 1466, 1388, 1369, 1163, 1112, 964, 865. 'H NMR (mixture of Z isomer
(major) and E isomer (minor), 600 MHz, CDCl3): 60.87 (3H, t, J = 7.0 Hz, major, H-27),
0.89 (3H, t, J = 6.6 Hz, minor, H-27), 1.11 (18H, s, minor, H-10/11/14/15/18/19), 1.12
(18H, s, major, H-10/11/14/15/18/19), 1.20-1.37 (12H, m, major & minor, H-23/24/25),
1.40-1.49 (4H, m, major & minor, H-26), 2.10-2.18 (6H, m, major & minor, H-9/13/17),
2.20 (2H, dd, J = 6.9, 14.2 Hz, minor, H-22), 2.27 (2H, dd, J = 7.6, 14.9 Hz, major, H-
22), 2.39 (12H, ddd, J = 6.4, 12.4, 12.7 Hz, major & minor, H-8/12/16), 4.26 (2H, d, J =
14.6 Hz, minor, H-7), 4.29 (2H, d, J = 14.6 Hz, major, H-7), 5.70 (1H, dt, J = 7.5, 11.8
Hz, major, H-21), 6.25 (1H, dt, J = 6.7, 15.5 Hz, minor, H-21), 6.33 (1H, d, J = 15.5 Hz,
minor, H-20), 6.35 (1H, d, J = 11.8 Hz, major, H-20), 7.27 (2H, d, J = 8.1 Hz, minor, H-
2/6), 7.32 (2H, d, J = 7.74 Hz, major, H-2/6), 7.38 (2H, dd, J = 2.1, 8.1 Hz, minor, H-
3/5), 7.44 (2H, dd, J = 2.3, 8.1 Hz, major, H-3/5). *C NMR (mixture of isomers, 150
MHz, CDCly): 614.2, 22.7, 23.9, 25.1, 25.1, 28.5, 28.8, 28.9, 28.9, 29.0, 29.1, 29.1, 29.2,
29.3, 29.4, 29.9, 31.8, 31.8, 33.2, 126.9, 127.8, 128.8, 129.8, 130.5, 130.5, 130.8, 130.9,
132.8, 134.6, 134.6, 138.2, 138.3. *'P NMR (240 MHz, CDCls, externally referenced to
85% H3sPO, in D,0): §30.06, 30.19. MS (ESI*, TOF): Calc’d. for [Ca7HasP™] 403.3494;

found 403.3499.
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Formation of 49:°°

Microwave heating: phosphonium salt 50 (0.1419 g, 0.2934 mmol, 1.7 eq), LiOH (0.0187
g, 0.781 mmol, 4.5 eq), water (0.30 mL), and aldehyde 36 (0.0535 g, 0.174 mmol, 1.0 eq)
were added to a tapered microwave vial. The microwave vial was flushed with N,
capped, and heated in a microwave at 70 °C for 30 mins. The reaction was worked up
with DCM (1 mL) and sat’d NH4Cl (1 mL), and the aqueous layer was extracted with
DCM (1 mL x 3), followed by EtOAc (1 mL). The organic layers were combined, dried
(Na,;SO,) filtered and the solvent removed under reduced pressure. Purification was
obtained via silica column chromatography (100 hexanes to 90:10 hexanes:ethyl acetate)
to give the mixture of isomers as a white amorphous solid (0.0648 g, 0.132 mmol, 76%).
Traditional heating: phosphonium salt 50 (0.1259 g, 0.2604 mmol, 1.97 eq), K,CO3;
(0.0727 g, 0.526 mmol, 3.98 eq), aldehyde 36 (0.0407 g, 0.132 mmol, 1.0 eq), and water
(0.10 mL) were added to a tapered microwave vial. The vial was sealed with a septa and
the mixture was stirred with heating at 70 °C for 18 h. The mixture was diluted with water
(2 mL) and extracted with Et,O (2 mL x 5). The organic layers were combined, dried
over Na,SQ,, filtered, and the solvent removed under reduced pressure. Purification via

silica column chromatography (100 hexanes, increasing to 90:10 hexanes:ethyl acetate)
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gave a mixture of isomers as a colourless amorphous mass (0.0416 g, 0.999 mmol, 64%).

Due to the complexity of the spectra, full characterization has not been performed.

'H NMR in CDCl; at 600MHz

Formation of 57:

@) 17
13)1\ 15 8 g
HN" 140 8 10
26 20 5| 4 03
25
21 19 O 7 11
34 32 30 28 o4 6 1 2 12

A solution of 49 (0.0451 g, 0.0917 mmol, 1.0 eq) in THF (1 mL) and Pd (10% w/w
loading on C, 0.0110 g, 0.0103 mmol, 0.11 eq) were added and the flask was flushed
with Hy, with THF added throughout to maintain a volume of 1 mL. Additional Pd (10%
w/w loading on C, 0.0134 g, 0.0126 mmol, 0.14 eq) was added after 18 h, with
subsequent flushing of hydrogen gas. After a further 24 h of stirring the reaction was
filtered through celite and washed with Et,0, dried over MgSO,, and the solvent removed

under reduced pressure to give 57 as a white solid. Compound 60 was isolated cleanly as
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a 75:25 mixture of cis/trans-diasteromers and normally immediately deprotected (see
2.7). Compound 10 had: IR (4000-625v cm™, NaCl): 3431, 3353, 2958, 2926, 2855, 1718,
1498, 1455, 1391, 1366, 1244, 1167, 1135, 1076, 1021, 975, 804, 745, 697. *H NMR
(600 MHz, CDCl3, mixture of isomers in 50:50 ratio): 80.89 (7H, t, J = 7.0 Hz, H-35),
1.20-1.36 (28H, m, H-30/31/32/33/34), 1.47 (9H, s, H-16/17/18), 1.50 (9H, s, H-
16/17/18), 1.60 (5H, m, H-29), 1.98 (2H, m, H-20), 2.39 (2H, dt, J = 5.3, 8.8 Hz, H-28),
2.53-2.60 (6H, m, H-20/28/H29), 2.67 (2H, dt, 5.6, 8.8, H-29), 3.67 (2H, d, J = 11.2 Hz,
H-4/6), 4.21 (2H, d, J = 11.0 Hz, H-4/6), 4.31 (2H, d, J = 11.2 Hz, H-4/6), 4.34 (1H, s,
NH-13), 5.17 (1H, s, NH-13), 5.45 (1H, s, H-2), 5.54 (1H, s, H-2), 7.11 (3H, m, H-
23/24/26/27), 7.15 (2H, d, J = 8.0 Hz, H-23/27), 7.34-7.42 (6H, m, H-9/10/11), 7.49 (2H,
dd, J = 1.7, 8.2 Hz, H-8/12), 7.51 (2H, dd, J = 1.7, 8.4 Hz, H-12). *C DEPTq NMR (150
MHz, CDCl3, mixture of isomers in a 50:50 ratio): 6 14.2, 22.8, 28.5, 28.6, 28.7, 29.2,
29.3, 29.4, 295, 29.6, 29.8, 31.7, 32.0, 34.4, 35.7, 50.9, 51.9, 72.0, 73.5, 101.9, 102.0,
126.2, 126.4, 128.3, 128.4, 128.5, 128.5, 128.6, 129.2, 129.3, 137.8, 137.9, 139.0, 139.1,

140.7, 140.7. MS (ESI*, TOF): Calc’d. for [Ca;HsNOsNa']: 518.3246; found 518.3224.

FTY720:
20
NH,
1 5
10 s A2 1OH
19 17 15 13 ¢ 6 21) 2
. HO
18 16 14 12 & 22

Compound 60 was dissolved in MeOH (0.6 mL) and DCM (0.4 mL) and HCI (37% in
H,0, 0.3 mL) was added. The mixture was stirred for 6 h, whereupon a second portion of
MeOH (0.2 mL) and DCM (0.5 mL). Stirring was continued overnight (19 h) at which
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time the reaction was neutralized through slow addition of sat’d NaHCOs;. The product
was extracted with EtOAc (4 mL x 1, 2 mL x 4), the organic layers combined, dried
(NaySO,), filtered and solvent was removed under reduced pressure. The product was
purified over silica to give FTY720-hydrochloride as a white solid (0.0259 g, 92% over
both steps hydrogenation and deprotection steps). IR (4000-625v cm™, NaCl): 3265,
3033, 2924, 2852, 1601, 1515, 1468, 1456, 1070, 1046. *H NMR (600 MHz, MeOD-d,):
§0.89 (3H, t, J = 7.0 Hz, H-19), 1.22-1.35 (10H, m, H-14/15/16/17/18), 1.58 (2H, tt, J =
7.2,7.3 Hz, H-13), 1.95 (2H, m, H-12), 2.56 (2H, t, J = 7.6 Hz, H-12), 2.64 (2H, m, H-5),
3.69 (1H, d, J = 11.6 Hz, H-2/3), 3.71 (1H, d, J = 11.6 Hz, H-2/3), 7.09 (2H, d, J = 8.0
Hz, H-8/10), 7.14 (2H, d, J = 8.0 Hz, H-7/11). *C NMR (150 MHz, MeOD-d,): & 14.4,
23.7, 29.7, 30.3, 30.4, 30.6, 32.8, 33.0, 34.8, 36.5, 62.0, 62.6, 129.2, 129.6, 139.6, 141.9.
MS (ESI*, TOF): Calcd for CioH3sNO, [M + H'] 308.2589; found: 308.2583. After
passing through silica with 10:1 DCM:MeOH with 1% NH4OH: *H NMR (600 MHz,
MeOD-d,): 0.89 (3H, t, J = 7.0 Hz, H-19), 1.22-1.35 (10H, m, H-14/15/16/17/18), 1.58
(2H, m, H-13), 1.66 (2H, m, H-12), 2.55 (2H, t, J = 7.6 Hz, H-12), 2.61 (2H, m, H-5),
3.46 (1H, d, J = 10.9 Hz, H-2/3), 3.52 (1H, d, J = 10.9 Hz, H-2/3), 7.06 (2H, d, J = 7.9
Hz, H-8/10), 7.11 (2H, d, J = 7.9 Hz, H-7/11). 3C NMR (150MHz, MeOD-dy): §14.4,

23.7, 30.0, 30.3, 30.4, 30.6, 32.8, 33.0, 36.5, 37.6, 57.0, 66.5, 129.2, 129.4, 141.1, 141.3.

193



Ph.D. Dissertation — J. Calzavara; McMaster University — Chemistry

1H NMR of FTY720eHCl
(CD,0D, 600MHz)
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13C NMR of FTY720eHCl
(CD;0D, 150MHz)
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IH NMR of FTY720 free base
(CD,0D, 600MHz)
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Synthesis of 4-(ethyl-(1-octyl-4-phenyl))-4-methylbenzoate-2-oxazolidinone (58):

To a small vial was added N-Boc-benzylidene protected-FTY720 (57, 0.0197 g, 0.0397
mmol, 1.0 eq) and NBS (0.0082 g, 0.070 mmol, 1.8 eq), with subsequent charging of the
vial with N,. BPO (75% in H,0, 0.0016 g, 0.0050 mmol, 0.12 eq) and chlorobenzene (0.4
mL) were then added, followed by heating at 70 °C for 2 h. A second portion of NBS
(0.0046 g, 0.039 mmol, 0.98 eq) and BPO (75% in H,0, 0.0012 g, 0.037 mmol, 0.093 eq)
were added with an additional 1 h of heating at 70 °C. The mixture was cooled and
diluted with sat’d NaHCO3 (0.8 mL) and DCM (0.8 mL), then separated. The aqueous
later was extracted with DCM (1 mL x 3), the organic layers combined, dried over
Na,SO;,, filtered, and the solvent removed under reduced pressure. Purity was obtained
via column chromatography (100 hexanes, slowly increasing to 90:10 hexanes:ethyl
acetate) to yield a white powder (0.0093 g, 0.021 mmol, 54%). 'H NMR (600 MHz,
CDCls): 0.81 (3H, t, J = 7.0 Hz, H-29), 1.15-1.28 (12H, m, H-23/24/25/26/27/28), 1.93-
2.02 (2H, m, H-14), 2.50 (2H, t, J = 7.7 Hz, H-22), 2.60-2.70 (2H, m, H-15), 4.17 (1H, d,
J =9.0 Hz, H-6), 4.23 (1H, d, J = 11.6 Hz, H-5), 4.30 (2H, d, J = 9.0 Hz, H-6), 4.38 (2H,
d, J = 11.6 Hz, H-5), 5.0 (1H, broad s, NH-3), 7.02 (2H, d, J = 8.1 Hz, H-18/20), 7.05
(2H, d, J = 8.1 Hz, H-17/21), 7.40 (2H, t, J = 7.8 Hz, H-10/12), 7.53 (1H, tt, J=1.1, 7.4

Hz, H-11), 7.95 (2H, dd, J = 1.2, 8.0 Hz, H-9/13). **C NMR (CDCls, 150 MHz): §14.3
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(C-29), 22.8 (C-28), 29.4, 29.5, 29.5, 29.6, 31.7, 32.0, 35.7, 37.8 (C-14), 60.0 (C-4), 67.7
(C-5), 71.8 (C-6), 128.2, 128.8 (C10/12), 129.0, 129.2 (C-8), 129.9 (C-9/13), 133.8 (C-
11), 137.2, 1415, 158.4 (C-2), 166.3 (C-7). MS (ESI*, TOF): Calc’d for [Ca7H3sNO, +

H™]: 438.2644; found 438.2636.

H NMR at 600MHz in CDCls
Fragmented FTY720

[N T

T
PPM 78 72 68 64 6.0 58 52 48 44 40 38 32 28 24 20 16 12 08

Synthesis of 59:
20
NH
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HJJ\ﬁ©6 h 1
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e 7 OH
18 16 14 12 8 22

To a small vial was added 49 (0.0371 g, 0.755 mmol), 30% H,SO,/MeOH (0.30 mL),
MeOH (0.30 mL), and DCM (0.30 mL). The mixture was stirred at rt for 5.5 h, followed
by neutralization with 10% NaOH, as tested by litmus paper. The solution was extracted
with EtOAc (2 mL x 5), dried over Na,SQO,, filtered, and the solvent removed under
reduced pressure. Purification was obtained via column chromatography (100 hexanes,
increasing to 100 ethyl acetate, then 100 DCM, finally 90:10 DCM:MeOH) to afford a

clear oil as a mixture of isomers (0.0041 g, 0.014 mmol, 18%). *H NMR (600 MHz,
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MeOD-d4): §0.83-0.94 (3H, m, H-19), 1.12-1.51 (8H, m, H-15/16/17/18), 2.18-2.26
(0.5H, m, H-14), 2.33 (1H, m, H-14), 3.46-3.50 (1H, m, H-2/21), 3.51 (1H, s, H-2/21),
3.60-3.68 (1H, m, H-2/21), 3.69 (1H, s, H-2/21), 5.62-5.70 (1H, m, H-13), 6.22-6.36
(0.5H, m, H-12), 6.39 (0.5H, t, J 11.1Hz, H-12), 6.63-6.80 (1H, m, H-5), 7.17-7.47 (4H,
m, H-7/8/10/11). *C NMR (150 MHz, MeOD-d,): §14.4 (C-19), 23.7, 29.7, 30.1, 30.5,
31.0, 32.9, 32.9, 34.1, 55.1 (C-3), 61.6 (C-3), 66.4 (C-2/21), 67.0 (C-2/21), 126.7, 127.2,
127.3, 127.7, 129.4, 129.6, 129.7, 129.7, 130.0, 133.2, 134.2. MS (ESI+): Calc’d for

[C1oH3:NO,H']: 304.2277; found 304.2277.

Synthesis of Stilbene 62:1%°

8 2

7
16 10 3 10H
15 NN
11 9 5
14 12

13
To a non-tapered microwave vial was added 4-methoxymethylbenzaldehyde (0.1539 g,
1.130 mmol, 1.0 eq), triethylbenzylphosphonium chloride (0.6554 g, 2.266 mmol, 2.0 eq),
K,CO3 (0.6390 g, 4.623 mmol, 4.1 eq), and H,O (0.9 mL). The vial was capped and the
solution was heated at 100 °C for 22 h. The mixture was cooled to rt, diluted with H,O (5
mL) and stirred for 2.5 h, followed by filtering to afford a white solid that was used
without further purification (0.2002g, 0.9516mmol, 84%). IR (4000-625v cm™, NaCl):
3308, 3080, 3023, 2923, 2864, 1684, 1599, 1447, 1418, 1267, 1215, 1112, 1073, 1043,
1001, 970, 964, 913, 841, 809, 777, 747, 690. 'H NMR (600 MHz, CDCl5): 54.71 (2H, s,
H-2), 7.11 (2H, s, H-9/10), 7.26 (1H, dt, J = 1.1, 7.4 Hz, H-14), 7.34-7.38 (4H, m, H-

4/8/13/15), 7.52 (4H, d, J = 8.2 Hz, H-5/7/12/16). *C NMR (150 MHz, CDCl;): 565.3
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(C-2), 126.7, 126.8, 127.5, 127.8 (C-9), 128.4 (C-10), 128.8 (C-4/8), 128.9 (C-14), 137.0

(C-6), 137.4 (C-11), 140.4 (C-3).

Synthesis of Salt 63:'*°

2@17 PLRT

21 CI
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To a microwave vial was added stilbene 62'° (0.1801 g, 0.8565 mmol, 1.0 eq) and
triethylphosphine hydrochloride (0.1353 g, 0.8750 mmol, 1.02 eq). The vial was capped
and the mixture heated at 110 °C for 27 h. The mixture was cooled to rt, dissolved in
DCM, dried over Na,SO,, filtered, and the solvent removed under reduced pressure to
afford a white solid as primarily (>98%) the E isomer that can generally be used without
further purification (0.2871 g, 0.8277 mmol, 97%). For a purified salt: to a microwave
vial was added stilbene 62'% (0.4954 g, 2.356 mmol, 1.0 eq) and triethylphosphine
hydrochloride (0.3899 g, 2.522 mmol, 1.07 eq). The vial was capped and the mixture
heated at 110 °C for 17 h. The mixture was cooled to rt, dissolved in H,O (35 mL) and
extracted with EtOAc (10 mL x 4), with the organic layer subsequently discarded. The
aqueous layer was then washed with DCM (15 mL x 10), the organic layers combined,
dried over Na,SQ,, filtered, and the solvent removed under reduced pressure to give a
white solid as primarily (>98%) the E isomer (0.6444 g, 1.858 mmol, 79%). IR (4000-
625v cm™, NaCl): 2975, 2920, 2884, 2320, 1700, 1512, 1449, 1414, 1270, 1250, 1165,
1107, 1049, 1023, 970, 830, 755, 724, 692. *H NMR (600 MHz, CDCl5): §1.24 (9H, dt, J

=7.7,17.9 Hz, H-18/20/22), 2.52 (6H, ttd, J = 7.6, 15.4, 20.7 Hz, H-17/19/21), 4.26 (2H,
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d, J = 15.5 Hz, H-2), 7.05 (1H, d, J = 16.6 Hz, H-9), 7.10 (1H, d, J = 16.6 Hz, H-10), 7.27
(1H, obscured by solvent peak, J = 7.2 Hz, H-14), 7.35 (2H, t, J = 7.6 Hz, H-4/8), 7.44
(2H, dd, J = 2.3, 8.4 Hz, H-13/15), 7.49 (4H, dt, J = 1.1, 7.6 Hz, H-5/7/12/16). **C NMR
(150 MHz, CDCl3): 6.1 (Jcp =5.4Hz, C-18/20/22), 12.1 (Jcp = 48.2Hz, C-17,19,21), 26.0
(Jep = 44.4Hz, C-2), 126.7, 127.5, 127.5, 127.5, 128.0, 128.8, 129.58, 130.6, 130.6 (Jcp =
4.6Hz, C-3), 136.9 (C-6), 137.6 (C-11). *'P NMR (80 MHz, CDCls, externally referenced
to 85% HsPO, in D,0): §37.22. MS (ESI+): Calc’d for CpHasP*: 311.1923; found

311.1922.

Synthesis of 64:'%"'%

o
HNJ\OJ<

Oy~ g L
O X
Aldehyde 36 (0.0264 g, 0.0859 mmol, 1.0 eq), phosphonium salt 63 (0.0451 g, 0.130
mmol, 1.5 eq), K,CO;3 (0.0374 g, 0.271 mmol, 3.2 eq), and H,O (0.11 mL) were added to
a microwave vial. The vial was capped and the mixture was microwaved at 70 °C for 35
mins. Sat’d NH4CI (0.6 mL) was added to the mixture and the solution was extracted with
DCM (2 mL x 4), the organic layers combined, dried over Na,SO,, filtered, and the
solvent removed under reduced pressure. Purification was obtained via silica column
chromatography (100 hexanes, increasing to 90:10 hexanes:ethyl acetate) to afford 65, a
pale yellow solid, as a mixture of two major cis/trans isomers (0.0311 g, 0.643 mmol,

75%). Due to complexity of the spectra, full assignment has not been performed. IR
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(4000-625v cm™, NaCl): 3338, 2977, 2927, 2856, 1700, 1496, 1455, 1393, 1368, 1277,
1248, 1164, 1136, 1101, 1078, 1029, 986, 975, 915, 868, 747, 698. MS (ESI+): Calc’d for

C31H34NO4 [M + H+] 484.2488; found 484.2495.

'H NMR in CDCl; at 600MHz

e

T ¥ g T K T 3 T d T K T R T
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3PM 72 68 [

Synthesis of Stilbene FTY720 60:

To a small vial was added 64 (0.0123 g, 0.0254 mmol), DCM (0.20 mL), MeOH (0.20
mL), and HCI (37% in H,0, 0.15 mL). The mixture was stirred at rt for 17 h, followed by
addition of an NaOH solution (1% in H,O, 2 mL) and more concentrated NaOH solution
(10% in H,0, 0.6 mL), until the reaction mixture was basic as tested by litmus paper. The
now-basic solution was stirred for 15 mins to eliminate formation of the salt form of 60.
The mixture was washed with DCM (2 mL x 4) and EtOAc (2 mL x 4), the organic layers
combined and diluted with DCM (4 mL) to resolubilize the particulate, dried over
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Na,SO,, filtered, and the solvent removed under reduced pressure. Purification was
obtained through silica column chromatography (100 hexanes, increasing to 100 DCM,
then 90:10 DCM:MeOH) to afford a white solid as a mixture of two major and two minor
isomers (0.0046 g, 0.016 mmol, 61%). *H NMR (two minor isomer peaks omittied, two
major isomers of C-7/8 E:Z ratio 2:1, 600 MHz, MeOD-d,): 63.54 (Z, 4H, s, H-3/5), 3.67
(E, 2H, d, J = 11.2 Hz, H-3/5), 3.69 (s, OH-4/6), 3.71 (E, 2H, d, J = 11.2 Hz, H-3/5), 5.67
(Z, 1H, d, J = 12.8 Hz, H-7), 6.32 (E, 1H, d, J = 16.5 Hz, H-7), 6.71 (E, 1H, d, J = 16.5
Hz, H-8), 6.79 (Z, 1H, d, J = 12.8 Hz, H-8), 7.17 (E, 2H, d, J = 5.1 Hz), 7.18 (Z, 2H, d, J
= 3.7 Hz), 7.22-7.26 (1H, m, H-20), 7.31-7.37 (2.7H, m), 7.45 (1.3H, d, J = 8.3 Hz), 7.51-
7.57 (4H, m). *C NMR (mixture of 2 isomers, o-major and p-minor, 600 MHz, MeOD-
ds): 860.0 (C-1p), 61.2 (C-1,), 67.0 (C-3/54), 67.4 (C-3/5,), 127.2, 127.3, 127.5, 127.5,
127.8, 127.8, 128.6, 128.7, 129.1, 129.2, 129.6, 129.7, 129.9, 130.0131.2, 131.7, 132.7,
134.5, 137.8, 137.8, 138.2, 138.8, 138.8. MS (ESI+): Calc’d for [C19H,3NO; ]: 296.1650;

found 296.1663. Absorbance and fluorescence samples diluted in MeOH.
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1.0

Abs

T T T T 1
200 250 300 350 400 450
‘Wavelength (nm}

Amax = 205.6 & 327.6 nm
L=1cm, C =4.063 x 10-5 M (00006 g in 0.0500 L of MEOH), Aszz706 = 0.440, Apz11 =
0.187.

€2311 = 4,603; €3276 — 10,830.
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Synthesis of Benzyl-stilbene 65:

To a tapered microwave vial was added 64 (0.0178 g, 0.0368 mmol, 1.0 eq), and the vial
was evacuated and refilled with N2, with subsequent cooling to 0 °C. 64 was dissolved in
DCM (0.10 mL) and DIBAL (1M in DCM, 0.35 mL, 0.35mmol, 9.5eq) was added
slowly. The mixture was allowed to warm to rt and was stirred 18.5 h. A 3.7% HCI
solution (10% solution of 37% HCI in H,O, 1 mL) was used to quench the reaction,
followed by extraction using EtOAc (2 mL x 6). The organic layers were combined, dried
over Na,SQy,, filtered, and the solvent removed under reduced pressure to afford 65 as a
white solid (0.0061 g, 0.016 mmol, 43%). *H NMR (two isomers of C-18/19, E:Z ratio
1.25:1, 600 MHz, CDCls): §1.25 (Z, 9H, s, H-5/6/7), 1.47 (E, 9H, s, H-5/6/7), 3.54 (Z,
1H, d, J =9.2 Hz, H-16), 3.68 (E, 1H, d, J = 9.4 Hz, H-16), 3.72 (Z, 1H, d, J = 9.3 Hz, H-
16), 3.75 (E, 1H, d, J = 9.3 Hz, H-16), 3.77 (E, 1H, d, J = 11.6 Hz, H-8), 3.79 (Z, 1H, d, J
= 11.8 Hz, H-8), 3.81 (Z, 1H, d, J = 11.8 Hz, H-8), 3.84 (E, 1H, d, J = 11.7 Hz, H-8),
454 (Z, 2H, dd, J = 12.0, 16.4 Hz, H-9), 4.58 (E, 2H, s, H-9), 5.16 (Z, 1H, 5, NH-2), 5.40
(Z, 1H, s, NH-2), 5.62 (Z, 1H, d, J = 12.7 Hz, H-18), 6.24 (E, 1H, d, J = 16.2 Hz, H-18),
6.52 (E, 1H, d, J = 16.2 Hz, H-19), 6.70 (Z, 1H, d, J = 12.8 Hz, H-19), 7.06-7.13 (2H, m),
7.24-7.29 (1H, m), 7.29-7.42 (8H, m), 7.46 (E, 2H, d, J = 8.3 Hz), 7.49-7.54 (2H, m). **C

NMR (mixture of isomers, 600 MHz, CDCls): 628.3 (Z,C-5/6/7), 28.5 (E, C-5/6/7), 61.1
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(C-1), 67.6 (E, C-16), 67.7 (Z, C-16), 73.5 (Z, C-8), 73.6 (E, C-8), 73.8 (C-9), 79.7 (Z, C-
4), 80.2 (E, C-4), 126.1, 126.6, 126.8, 127.0, 127.8, 127.9, 128.1, 128.1, 128.4, 128.5,
128.7, 128.7, 128.8, 128.9, 128.9, 129.3, 130.3, 130.5, 131.9, 136.1, 136.6, 136.9, 137.5,
137.5, 137.7, 137.7, 155.5 (E, C-3), 156.1 (Z, C-3). MS (ESI+): Calc’d for [Ca;HasNO4']

486.2644; found 486.2639. Absorbance and fluorescence samples diluted in MeOH.

I
0.3 ]l i
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] ﬂ.z ) t |
< 1
i ‘:'\V:‘“"-\._'
u+1 N
0.0 e
250 300 350 400

Wavelength (nm)

Amax = 207.0 & 326.9 nm
L =1cm, C=8.237 x 10° M (0.0004 g in 0.100L of MeOH), Az = 0.376, Azzoo =
0.145.

€2320— 17,604; €326.9 — 45,648.
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Synthesis of 4-(1-propene)-benzyl alcohol 66:*°

71
6 2
M 3
J\,\N\
10 g% 4

OH

To a 50 mL 2-neck rbf was added triphenylethylphosphonium bromide (1.1028 g, 2.970
mmol, 1.36 eq) and the apparatus was flushed with N, for 30 mins. THF (3.0 mL) was

then added and the mixture was cooled to 0 °C, followed by slow addition of "BuLi (2.5M
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in hexanes, 2.0 mL, 5.0 mmol, 2.3 eq) which turned the reaction a deep red colour. The
reaction was stirred for 20 mins and then cooled to -78 °C, whereupon 4-hydroxymethyl
benzaldehyde (0.2981 g, 2.191 mmol, 1.0 eq) in THF (1.0 mL) was added slowly, with
additional THF (0.5 mL) used to rinse out the vial previously containing 4-
hydroxymethyl benzaldehyde. The mixture was then allowed to warm to rt. with stirring.
Following 6.5 h of stirring, sat’d NH4CI (15 mL) was added and the layers separated,
setting aside the organic partition. The product extracted from the aqueous layer with
Et,O (15 mL x 3), then the organic layers were combined, dried over Na,SO, filtered,
and the solvent removed under reduced pressure. Purification was obtained using silica
column chromatography (100 hexanes, increasing gradually to 80:20 hexanes:ethyl
acetate) to afford a clear, colourless oil as a mixture of isomers in approximately a 1.75:1
E:Z ratio (0.2839 g, 1.916 mmol, 87%). *H NMR (E isomer, major, 600 MHz, CDCls):
$1.88 (3H, dd, J = 1.7, 6.6Hz, H-10) , 4.66 (2H, s, H-1), 6.24 (1H, dd, J = 6.6, 13.2,
15.8Hz, H-9), 6.40 (1H, dd, J = 1.6, 15.8Hz, H-8), 7.27-7.35 (4H, m, H-3/4/6/7). *C
NMR (E isomer, 600 MHz, CDCls): 518.6 (C-10), 65.4 (C-1), 126.1 (C-9), 127.4 (C-4/6),
129.2 (C-3/7), 130.8 (C-8), 137.1 (C-5), 139.4 (C-2). *H NMR (Z isomer, minor, 600
MHz, CDCl3): $1.90 (3H, dd, J = 1.9, 7.2 Hz, H-10), 4.69 (2H, s, H-1), 5.80 (1H, ddd, J =
7.2, 11.5, 14.4 Hz, H-9), 6.43 (1H, dd, J = 1.7, 11.5 Hz, H-8), 7.27-7.35 (4H, m, H-
3/4/6/7). *C NMR (Z isomer, 600 MHz, CDCls): 514.8 (C-10), 60.6 (C-1), 126.0 (C-9),

127.0 (C-4.6), 127.1 (C-3.7), 129.6 (C-8), 137.2 (C-5), 139.1 (C-2).
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Synthesis of 4-(1-prop-1-ene)-benzyl triethylphosphine hydrobromide 67:1°°

6 2 &) CIO
P—13
9 3 @ \
J\,‘N\ < 14
10 g 16

4-(1-prop-1-ene)-benzyl alcohol 66 (0.4170 g, 2.814 mmol, 1.0 eq) and triethylphosphine
hydrochloride (0.4589 g, 2.968 mmol, 1.05 eq) were added to a tapered microwave vial,
then the vial was capped and the mixture was heated at 110 °C for 17 h. H,O (5 mL) was
added and the mixture was extracted with Et,O (2mL x 1, 4 mL x 3) to remove the
alcohol impurity, then these organic layers were discarded. The aqueous layer was then
washed with DCM (10 mL x 11), the organic layers combined, dried over Na,;SO,,
filtered, and the solvent removed under reduced pressure to give a pale yellow solid as a
mixture of isomers (2.3:1 E:Z, 0.6146 g, 2.158 mmol, 77%). IR (4000-625v cm™, NaCl):
3019, 2973, 2915, 2885, 1512, 1454, 1419, 1277, 1260, 1052, 967, 863, 810, 770, 753. 'H
NMR (mixture of isomers, 600 MHz, CDCls): 61.17-1.26 (9H, m, H-12/14/16), 1.85-1.88
(3H, m, H-10), 2.45-2.55 (6H, m, H-11/13/15), 4.17 (E, 2H, d, J = 15.3 Hz, H-1), 4.20 (Z,
2H, d, J = 15.6Hz, H-1), 5.82 (Z, 1H, ddd, J = 7.4, 11.9, 14. 5Hz, H-9), 6.24 (E, 1H, ddd,
J =6.6, 13.2, 15.6 Hz, H-9), 6.35 (E, 1H, d, J = 15.3 Hz, H-8), 6.37 (Z, 1H, d, J = 10.5
Hz, H-8), 7.27 (Z, 2H, d, J = 8.3 Hz, H-3/7), 7.29 (E, 2H, d, J = 8.2 Hz, H-3/7), 7.35 (E,
2H, dd, J = 2.0, 8.2 Hz, H-4/6), 7.41 (Z, 2H, dd, J = 2.2, 8.2 Hz, H-4/6). *C NMR
(mixture of isomers, 600 MHz, CDCls): 86.1 (J = 5.5 Hz, C-12/14/16), 12.1 (J = 48.2 Hz,
C-11/13/15), 14.8 (Z, C-10), 18.6 (E, C-10), 19.8 (Z, J = 66.2 Hz, C-1), 26.0 (J =45.5 Hz,
C-1), 126.2 (Z, J = 9.0 Hz, C-2), 126.4 (E, J = 9.0 Hz, C-2), 126.9 (J = 3.3 Hz), 127.3,

128.1, 128.9, 130.0 (J = 2.7 Hz), 130.1, 130.1, 130.4, 130.4, 138.0 (Z, J = 3.3 Hz, C-5),
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138.3 (E, J = 3.7 Hz, C-5). *P NMR (80 MHz, CDCls, externally referenced to 85%
HsPQOy): §37.41 (major), 37.49 (minor). MS (ESI+): Calc’d for [CigH26P']: 249.1772;

found 249.1767.

TH NMR at 600MHz in CDCl3

T
PPM 68 64 60 56 52 48 44 40 36 32 28 24 20 18 12

To a non-tapered microwave vial was added 4-(1-prop-1-ene)-benzyl triethylphosphine
hydrobromide (67, 0.5937 g, 2.085mmol, 1.4 eq), 4-hydroxymethyl benzaldehyde (51,
0.1983 g, 1.456 mmol, 1.0 eq), K,CO3 (0.5798 g, 4.296 mmol, 2.88 eq), and H,O (0.83
mL). The vial was capped and microwaved at 100 °C for 30 mins. H,O (6 mL) was
added, the mixture stirred for 1 h, then filtered to afford a yellow solid as a mixture of
isomers with no further purification (5:1 E:Z of alkene C-17/18, 0.3612 g, 1.443 mmol,

99%). IR (4000-625v cm™, NaCl): 3343, 3020, 2917, 2850, 1696, 1653, 1598, 1512,
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1456, 1419, 1375, 1271, 1210, 1167, 1110, 1044, 1015, 967, 883, 828, 778, 722, 695. *H
NMR (mixture of 4 isomers, integration set methylene protons on C2 at 2H, 600 MHz,
CDCls): 51.86-1.96 (3H, m, H-19), 4.65-4.73 (2H, m, H-2), 5.80 (0.35H, ddd, J = 7.3,
11.8, 14.6 Hz, H-18), (0.7H, ddd, J = 6.6, 13.2, 15.6 Hz, H-18ns), 6.33-6.45 (1H, m,
H-17), 6.56 (0.35H, d, J = 13.3 Hz, H-9/17), 7.09 (1.7H, d, J = 15.0 Hz, H-9/17), 7.16-
7.25 (1H, m), 7.247-7.39 (4H, m), 7.44 (1H, d, J = 8.3Hz), 7.5 (2H, dd, J = 7.1, 15.2 Hz,
H-5/7). *C NMR (mixture of isomers, 600 MHz, CDCl;): §18.7 (C-19), 65.3 (C-2),
126.0, 126.3, 126.4, 126.8, 126.8, 127.2, 127.5, 127.8, 128.1, 128.7, 129.2, 129.4, 129.7,
130.9, 135.9, 137.6, 143.3. MS (ESI+): Calc’d for [CigHO']: 250.1358; found

250.1358.

Synthesis of Phosphonium salt 69:*°

8
; 20 2 o
3 1P
16 10 J S
15 X 2 —24/ Cl
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9
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19 \17 13

To a non-tapered microwave vial was added stilbene 68 (0.1960 g, 0.7830 mmol, 1.0 eq),
triethylphosphine hydrochloride (0.1288 g, 0.8330 mmol, 1.06 eq), and dioxane (0.6 mL).
The vial was sealed and heated at 110 °C for 20 h. After cooling to rt, H,O (10 mL) was
added and the agqueous layer was washed with Et,O (10 mL x 2) to remove the alcohol
impurity. Those organic layers were discarded and the aqueous layer was then washed
with DCM (10 mL x 10) with solid NaCl added to eliminate emulsification of the layers.

The DCM-based organic layers were combined, dried over Na,SO,, filtered, and the
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solvent removed under reduced pressure to afford a yellow solid (0.2425 g, 0.6873 mmol,
88%). Due to complexity the *H NMR was not fully characterized, see attached figure. IR
(4000-625v cm?, NaCl): 3021, 2925, 2851, 1696, 1684, 1513, 1456, 1418, 1244, 1161,
1107, 1047, 1012, 965, 925, 845, 785, 724. P NMR (80 MHz, CDCls, externally
referenced to 85% H3PO,): §37.50. MS (ESI+): Calc’d for [Ca4H3:P™]: 351.2242; found

351.2254.

1H NMR in CDCl; at 600MHz

To a tapered microwave vial was added 69 (0.1497 g, 0.4259 mmol, 1.9 eq), aldehyde 36
(0.684 g, 0.222 mmol, 1.0 eq), K,CO3 (0.1210 g, 0.8755 mmol, 3.9 eq), and H,O (0.3

mL). The vial was capped and microwave heated at 110 °C for 20 mins, followed by
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traditional heating at 110 °C for 19 h. After cooling to rt, H,O (6 mL) was added and the
product was extracted with Et;O (2 mL) and EtOAc (4 mL). Following the first
separation solid NaCl was added to prevent the aqueous and organic layers from forming
an emulsion. EtOAc (4 mL) was added and separated, followed by additional H,O (5 mL)
and Et,O (10 mL). After waiting 15 mins the layers were extracted, with subsequent
separations from Et;,O (10 mL x 2) washes occurring after 15 mins of waiting.
Purification was obtained via silica column chromatography (100 hexanes, gradually
increasing to 95:5 hexanes:ethyl acetate, and finally to 90:10 hexanes:ethyl acetate) to
afford a yellow solid (0.0572 g, 0.1092 mmol, 49%). Due to the complexity of the 'H

NMR, total assignment was not performed.

!H NMR in CDCl; at 600MHz
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Grignard on aldehyde 36 to produce 71:

10 44
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To a 25 mL 2-neck rbf charged with N, and affixed a condensor, Mg° turnings (0.1205 g,
4.959 mmol, 6.5 eq), I, (0.0075 g, 0.0030 mmol, 0.04 eq), and Et,O (2.5 mL) were added.
lodobenzene (0.15 mL, 0.27 g, 1.3 mmol, 1.7 eq) was added and heated at 45 °C for 20
mins to initiate the reaction. The remaining iodobenzene (0.41 mL. 0.75 g, 3.7 mmol, 4.9
eq) was added over 20 minutes, and the solution was refluxed at 45 °C for 1 h. This
rendered 3 mL of stock grignard solution (~1.65M). In a separate flask charged with N,
aldehyde 36 was dissolved in Et,O (3 mL). The solution was cooled to 0 °C and 2 mL
(3.3 mmol, 4.3 eq) of the stock Grignard solution was added. The mixture was warmed to
rt and allowed to stir for 1.75 h. Sat’d NH4CI (3 mL) was added and allowed to mix for
1h. The solution was separated and the aqueous layer was washed with Et,O (4 mL x 3),
the organic layers combined, dried over Na,SO,, filtered, and the solvent removed under
reduced pressure. Purification was obtained through silica column chromatography (100
hexanes, increasing to 80:20 hexanes:ethyl acetate) to produce white, powder-like crystals
as a mixture of isomers (0.2389 g, 0.6189 mmol, 82%). IR (4000-625v cm™, NaCl): 3414
(O-H), 3331 (O-H), 3064, 3034, 2978, 2931, 2869, 1713 (C=0), 1683 (C=0), 1508,
1454, 1392, 1368, 1292, 1250, 1163, 1126, 1088, 1049, 1029, 982, 937, 916, 874, 787,
744, 699, 636. 'H NMR (as a mixture of 2 cis/trans isomers in a 50:50 ratio, CDCl3, 600

MHz): 61.44 (9H, s, H-10/11/12), 1.50 (9H, s, H-10/11/12), 3.85 (1H, dd, J = 2.25, 11.4
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Hz, H-4/6), 3.90 (1H, d, J = 11.4 Hz, H-4/6), 3.95 (1H, d, J = 12.2 Hz, H-4/6), 4.03 (1H,
d, J = 11.7 Hz, H-4/6), 4.04 (1H, d, J =11.5 Hz, H-4/6), 4.11-4.16 (1H, m, H-4/6), 4.57
(1H, s, OH-13), 4.121368-4.75 (2H, m, H-4/6), 4.83 (1H, d, J = 10.3 Hz, OH-14), 5.12
(1H, s, NH-7), 5.44 (1H, s, H-2), 5.53 (1H, d, J = 5.7 Hz, H-13), 5.63 (1H, s, H-2), 6.31
(1H, d, J = 8.3 Hz, H-13), 7.22-7.52 (18H, m, H-16/17/18/19/20/23/24/25), 7.55 (2H, dd,
J = 1.5, 8.2 Hz, H-22/26). *C NMR (as a mixture of 2 isomers in a 50:50 ratio, CDCls,
150 MHz): §28.4 (C-10/11/12), 28.5 (C-10/11/12), 54.6 (C-5), 56.0 (C-5), 70.3 (C-13),
70.4 (C-13), 72.1 (C-4/6), 73.4 (C-4/6), 81.2 (C-9), 101.8 (C-2), 102.2 (C-2), 126.2 (C-
18), 126.5 (C-23/25), 127.0 (C-23/25), 127.7 (C-17/19), 128.1 (C-17/19), 128.3 (C-
16/20), 128.3 (C-16/20), 128.5 (C-22/26), 128.6 (C-22/26), 129.3 (C-24), 129.3 (C-24),
137.7 (C-21), 137.7 (C-21), 139.9 (C-15), 139.9 (C-15). MS (ESI+): Calc’d for

[C22H28NOs"]: 386.1967; found 386.1960.

Synthesis of 72:

(e}
10 12H:|5\l)2¥01
5
9 7 rﬁo 16
8 0 o 17

To a 50 mL 2-neck rbf fitted with a condenser under N, 71 (0.1563 g, 0.4055 mmol, 1.0
eq), NBS (0.2197 g, 1.234 mmol, 3.0 eq), BPO (75% in H,0, 0.0416 g, 0.113 mmol, 0.32
eq), and chlorobenzene (4 mL) are added. The mixture is heated at 70 °C for 2 h before
being cooled to rt. Sat’d NaHCO3; (4 mL) and DCM (2 mL) were added and the layers

were separated, followed by the aqueous layer being washed with DCM (4 mL x 3). The
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organic layers were combined, dried over Na,SO,, filtered, and the solvent removed
under reduced pressure. Purification was obtained through silica column chromatography
to render a white solid as a mixture of two enantiomers (0.0854 g, 0.263 mmol, 65%). IR
(4000-625v cm’*, NaCl): 3351 (N-H), 3065, 2923, 1764 (C=0), 1725 (C=0), 1686, 1598,
1582, 1450, 1395, 1270, 1179, 1110, 1050, 1027, 710, 689. *H NMR (600 MHz, CDCly):
04.75 (1H, d, J = 11.7 Hz, H-5), 4.78 (1H, d, J = 11.7 Hz, H-5), 4.78 (1H, d, J = 11.9 Hz,
H-13), 4.81 (1H, d, J = 11.9 Hz, H-13), 5.96 (1H, s — broad, NH-3), 7.45 (2H, t, J = 7.7
Hz, H-17/19), 7.54 (2H, t, J = 7.8 Hz, H-9.11), 7.59 (1H, tt, J = 1.2, 7.4 Hz, H-16), 7.66
(1H, tt, J = 1.1, 7.4 Hz, H-10), 7.85 (2H, dd, J = 1.3, 8.25 Hz, H-8/12), 7.96 (2H, dd, J =
1.3, 8.4 Hz, H-16/20). *C NMR (150 MHz, CDCl;): 568.0 (C-5), 68.3 (C-4), 69.2 (C-13),
128.7 (C-15), 128.8 (C-9/11), 129.0 (C-17/19), 129.5(C-8/12), 129.9 (16/20), 132.9 (C-7),
134.0 (C-18), 134.6 (C-10), 157.2 (C-2), 166.1 (C-14), 195.9 (C-6). MS (ESI+): Calc’d
for [C1sH1sNO5']: 326.1028; found 326.1016. MP (corrected): 137.1 - 138.7 °C.

Synthesis of 738

To a 10 mL rbf affixed with a condenser under N, was added Mg° turnings (0.0354 g,
1.46 mmol, 2.4 eq), catalytic I, (0.0028 g, 0.011 mmol, 0.018 eq), and THF (0.6 mL). 4-
chlorobromobenzene (0.2760 g, 1.442 mmol, 2.3 eq) was dissolved in THF (0.5 mL) and

an aliquot (0.15 mL) of this mixture was added to the Mg° solution and heated to 70 °C to
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initiate the reaction. Once the reaction began, the remaining 4-chlorobromobenzene
mixture was added over 30 mins. The mixture was heated for a further 60 mins before
being cooled to 0 °C. 36 (0.1895 g, 0.6166 mmol, 1.0 eq) dissolved in THF (1 mL) was
added over 2 mins, then the entire reaction was allowed to warm to rt while being stirred,
with an additional 2 h of stirring. Sat’d NH4Cl (3mL) was then added and stirred for 1h
before separating. The aqueous layer was washed with Et,O (2 mL x 3), the organic
layers combined, dried over Na,SO,, filtered, and the solvent removed under reduced
pressure. Purification was obtained through silica column chromatography to produce, as
a mixture of isomers, a pale orange solid (50:50 ratio of isomers, 0.1275 g, 0.3036 mmol,
49%). IR (4000-625v cm™, NaCl): 3409 (OH), 3326 (OH), 3067, 2979, 2931, 2868, 1714
(C=0), 1683 (C=0), 1597, 1507, 1491, 1456, 1393, 1368, 1291, 1250, 1200, 1162, 1126,
1091, 1048, 1015, 988, 941, 914, 876, 841, 743, 698. 'H NMR (mixture of cis/trans
isomers in a 1:1 ratio, 600 MHz, CDCls): 61.44 (9H, s, H-10/11/12), 1.49 (9H, s, H-
10/11/12), 3.80 (1H, dd, J = 2.8, 11.7 Hz, H-4/6), 3.87 (1H, d, J = 11.6 Hz, H-4/6), 3.95
(1H, d, J = 12.1 Hz, H-4/6), 3.98 (1H, d, J = 11.9 Hz, H-4/6), 4.00 (1H, d, J = 11.7 Hz),
4.06 (1H, d, J=11.1 Hz, H-4/6), 4.36 (1H, s, OH-14), 4.48 (1H, s, NH-7), 4.66-4.72 (2H,
m, H-4/6), 4.85 (1H, d, J = 9.3 Hz, OH-14), 5.12 (1H, s, NH-7), 5.44 (1H, s, H-2), 5.49
(1H, d, J = 5.6 Hz, H-13), 5.62 (1H, s, H-2), 6.38 (1H, d, J = 8.6 Hz, H-13), 7.19 (2H, d, J
= 8.4 Hz), 7.30-7.44 (12H over 2 isomers, m), 7.46 (2H, dd, J = 1.9, 8.0 Hz, H-22/26),
7.54 (2H, dd, J = 1.5, 8.1 Hz, H-22/26). *C NMR (mixture of cis/trans isomers, 150
MHz, CDCls): 528.4 (C-10/11/12), 28.4 (C-10/11/12), 54.6 (C-5), 55.9 (C-5), 70.1 (C-9),

70.2 (C-4/6), 70.4 (C-9), 72.1 (C-4/6), 76.3 (C-13), 81.5 (C-13), 101.9 (C-2), 102.3 (C-2),
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126.1, 126.4, 128.3, 128.5, 128.5, 128.6, 129.0, 129.4, 129.4, 133.9, 133.9, 137.5, 138.5,

138.5. MS (ESI+): Calc’d for [C,H,7CINOs™]: 420.1578; found 420.1559.

Svynthesis of 74:
0
11
CI10 12H:l3\l)2ko1
4 5
° ! 13 i 16
8 o0 “oal 17
20 18
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To a tapered microwave vial was added 73 (0.0325 g, 0.0722 mmol, 1.0 eq), NBS (0.0560
g, 0.315 mmol, 4.4 eq), and catalytic BPO (75% in H,0, 0.0118 g, 0.0365 mmol, .047
eq), with Ny flushed through the vessel for 20 mins. Chlorobenzene (0.6 mL) was then
added and the mixture was heated at 70 °C for 6 h. The reaction was then cooled to rt and
to it sat’d NaHCOj3 (1 mL) and DCM (0.5 mL) were added. The layers were separated
and the aqueous portion was washed with DCM (1 mL x 3). The organic layers were
combined, dried over Na,SQ,, filtered, and the solvent removed under reduced pressure.
Purification was obtained through silica column chromatography to produce a clear,
colourless, amorphous solid (0.0216 g, 0.0600 mmol, 78%). IR (4000-625v cm™, NaCl):
3345 (NH), 3070, 2977, 2929, 1763 (C=0), 1725 (C=0), 1690 (C=0), 1588, 1488, 1451,
1397, 1369, 1271, 1178, 1110, 1095, 1071, 1051, 1027, 961, 843, 712. ‘H NMR (600
MHz, CDCl,): 84.67-4.80 (4H, m, H-5/13), 6.48 (1H, s-broad, NH-3), 7.43 (2H, t, J = 7.8
Hz, H-17/19), 7.49 (2H, d, J = 8.6 Hz, H-9/11), 7.58 (1H, dt, J = 0.7, 7.2 Hz, H-18), 7.81
(2H, d, J = 8.6 Hz, H-8/12), 7.94 (2H, dd, J = 0.7, 7.8 Hz, H-16/20). *C NMR (150 MHz,

CDCl): 567.8 (C-4), 68.2 (C-5), 69.2 (C-13), 128.7, 128.8 (C-9/11), 129.8 (C-17/19),
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130.0 (C-16/20), 130.4 (C-8/12), 131.4 (C-7), 134.0 (C-18), 141.2 (C-10), 157.5 (C-2),
166.1 (C-14), 195.11 (C-6). MS (ESI+): Calc’d for [CisH1sCINOs'] 360.0639; found
360.0628.

4-(1-oct-1-ene)-bromobenzene (75):1"+172

Triphenylheptylphosphonium bromide (1.2772 g, 2.8937 mmol, 1.05 eq) was added to a
2-neck 25 mL rbf and suspended in THF (3.0 mL). The mixture was cooled to 0 °C and
NaHMDS (1M in THF, 3.24 mL, 3.24 mmol, 1.2 eq) was added slowly. The
phosphorylide was stirred for 1 h, then cooled to -78 °C. 4-bromo benzaldehyde (0.5100
g, 2.756 mmol, 1.0 eq) was dissolved in THF (1.0 mL) in a vial and was added to the
mixture dropwise, with subsequent rinsing of the vial with THF (0.5 mL x 2). The
solution was allowed to warm to rt, stirring for 2 h. NH4CI (10 mL) was added to quench
the reaction, followed by extraction of the aqueous later with Et,O (20 mL). The aqueous
layer was diluted with H,O (10 mL), followed by further rinsing with Et,O (20 mL x 2).
The organic layers were combined, dried over Na,SQ,, filtered, and the solvent removed
under reduced pressure to give a clear oil as an approximate 0.1:1 mixture of Z/E isomers
(0.5093 g, 1.906 mmol, 69%). 'H NMR (Z isomer, 600 MHz, CDCls): §0.87 (3H, t, J =
7.2 Hz, H-14),1.21-1.37 (6H, m, H-11/12/13), 1.44 (2H, quintet, J = 7.2, 14.5 Hz, H-10),
2.28 (2H, ddd, J = 1.9, 7.5, 15.0 Hz, H-9), 5.69 (1H, dt, J = 7.3, 11.7 Hz, H-8), 6.32 (1H,

d, J=11.7 Hz, H-7), 7.14 (2H, d, J = 8.5 Hz, H-2/6), 7.44 (Z isomer, 2H, dt, J = 2.5, 8.4
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Hz, H-3/5). *H NMR (E isomer, 600 MHz, CDCls): 50.87 (3H, t, J = 7.2 Hz, H-14),1.21-
1.37 (6H, m, H-11/12/13), 1.44 (2H, quintet, J = 7.2, 14.5 Hz, H-10), 2.19 (2H, ddd, J =
1.1, 7.1, 14.2 Hz, H-9), 6.22 (1H, dt, J = 6.8, 15.8 Hz, H-8), 6.30 (1H, d, J = 16.0 Hz, H-

7),7.18 (1H, d, J = 7.3 Hz, H-2/6), 7.40 (2H, dt, J = 2.4, 8.6 Hz, H-3/5).

Svynthesis of 76:

10 44
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To a 25 mL 2-neck rbf fitted with a condenser under N, was added Mg° turnings (0.0470
g, 1.95 mmol, 2.9 eq), catalytic I, (0.0019 g, 0.0075 mmol, 0.01 eq), and THF (1 mL). 4-
(1-oct-1-ene)-bromobenzene (75, 0.4560 g, 1.707 mmol, 2.5eq), is combined with THF
(0.2 mL), then a portion of this reagent (0.15 mL) was added to the mix and the mixture
heated with a heating gun to reflux until initiation of the reaction. The reaction was then
heated at 60 °C and the remaining 4-(1-oct-1-ene)-bromobenzene solution was added over
30 mins. The mixture is heated an additional 30 mins, then cooled to 0 °C. Aldehyde 36
(0.2062 g, 0.6709 mmol, 1.0 eq) in THF (1.3 mL) is added dropwise to the Grignard
reagent and the resulting mixture is allowed to slowly warm to rt with stirring. After 2 h
of stirring sat’d NH4Cl (2 mL) is added and stirred an additional 2 h. The mixture is
separated and the aqueous layer is washed with Et,0 (2 mL x3), the organic layers
combined, dried over Na,SQOy, filtered, and the solvent removed under reduced pressure.

Purification was obtained via silica column chromatography to render a white solid as a
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mixture as a mixture of isomers (cis:trans 2:3, (Z):(E) 9:1, 0.1510 g, 0.3047 mmol, 45%).
IR (4000-625v cm™, NaCl): 3276 (OH), 3072, 3010, 2955, 2928, 2855, 1678 (C=0),
1558, 1456, 1394, 1364, 1301, 1256, 1178, 1136, 1086, 1048, 1020, 994, 969, 764, 702.

MS (ESI+): Calc’d for [C30H42NOs *]: 496.3063; found 496.3065.

'H NMR in CDCl; at 600MHz

31— M I M L

T T T T T T T T T T T T T T T T T T
T2 6.8 64 6.0 586 52 4.8 44 4.0 36 32 23 24 20 16 12 038

Svynthesis of 77:

10 11

2 18 207HN 9 31
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To a small vial was added 76 (0.0524 g, 0.106 mmol, 1.0 eq) and THF (0.9 mL), then
subsequently flushed with N,. Pd (10% w/w loading on C, 0.0080 g, 0.0075 mmol, 0.07
eq) was added, then the vessel was flushed with copious amounts of H,, with addition of

THF as was needed. The reaction was stirred for 21 h at rt and then filtered through celite.
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The celite was rinsed with Et,O, and the organic filtrate dried over Na,SQ,, filtered, and
the solvent removed under reduced pressure to afford 77 as a clear oil (cis:trans 45:55,
0.0405 g, 0.0813 mmol, 77%). IR (4000-625v cm™, NaCl): 3417 (OH), 3345 (OH), 2927,
2855, 1717 (C=0), 1686 (C=0), 1509, 1456, 1391, 1367, 1291, 1249, 1163, 1126, 1102,
1086, 1048, 1020, 988, 783, 745, 697. *H NMR (as a mixture of isomers, 600 MHz,
CDCls): 50.89 (6H, t, J = 7.0 Hz, H-28), 1.22-1.37 (20H, m, H-23/24/25/26/27), 1.44 (9H,
s, H-10/11/12), 1.51 (9H, s, H-10/11/12), 1.57-1.65 (4H, m, H-22), 2.61 (4H, t, J = 7.8
Hz, H-21), 3.86 (1H, dd, J = 2.3, 11.7 Hz, H-4/6), 3.89 (1H, d, J = 11.2 Hz, H-4/6), 3.94
(1H, d, J = 12.2 Hz, H-4/6), 4.01 (1H, d, J =11.7 Hz, H-4/6), 4.09 (1H, d, J = 11.5 Hz, H-
416), 4.15 (1H, t, J = 10.9 Hz, H-4/6), 4.63-4.73 (3H, m, H-4/6/13), 4.79 (1H, d, J = 10.0
Hz, OH-14), 5.14 (1H, s, H-2), 5.43 (1H, s, H-2), 5.50 (1H, d, J = 5.7 Hz, H-13), 5.63
(1H, s, NH-7), 6.24 (1H, d, J = 7.3 Hz, OH-14), 7.14-7.18 (6H, d, H-16/20), 7.33 (2H, d,
J = 8.0 Hz, H-16/20),7.35-7.44 (6H, m, H-31/32/33), 7.46 (2H, dd, J = 1.8, 7.9 Hz, H-
30/34), 7.55 (2H, dd, J = 1.5, 8.2 Hz, H-30/34). *C NMR (as a mixture of isomers, 150
MHz, CDCls): 614.2 (C-10/11/12), 22.8, 28.4, 28.5, 29.4, 29.5, 29.5, 29.6, 31.5, 31.6,
32.0, 35.8 (C-21), 35.8 (C-21), 54.5 (C-5), 56.0 (C-5), 70.4 (C-4/6), 72.0 (C-4/6), 73.2
(C-13), 76.8 (C-13), 80.6 (C-9), 81.1 (C-9), 101.8 (C-2), 102.1 (C-2), 126.2, 126.5, 126.8,
127.5, 128.3, 128.4, 128.5, 128.5, 129.3, 129.3, 137.0, 137.7, 137.8, 142.8, 142.9, 156.2

(C-8), 157.9 (C-8). MS (ESI+): Calc’d for [C3oHaNOs'] 498.3220; found 498.3225.
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Biological Testing for MCF-7 and Melanoma Cells:

Cancerous Cell Lines:

Human mammary gland adenocarcinoma (MCF-7) cell line was purchased from
American Type Culture Collection (ATCC), Manassa, VA, USA. These cells were grown
and maintained under conditions at 37 °C, 5% CO, and 95% humidity in an incubator.
Culturing of cells was carried out using RPMI-1640 media enhanced with 10% fetal
Bovine Serum (FBS) and 10 mg/mL gentamycin (Gibco, BRL, VWR, Canada).

Melanoma cells were obtained from American Type Culture Collection (ATCC),
Manassa, VA, USA and were grown and maintained under the same conditions as the
MCEF-7 cells. Culturing was carried out using RPMI-1640 media supplemented with 10%

FBS and 10 mg/mL gentamycin.

Non-cancerous Cell Lines:

For comparative studies using normal cells, Normal Human Fibroblasts (NHF)
were obtained from Coriell Institute for Medical Research, USA. These cells were also
subjected to the same conditions at 37 °C, 5% CO, and 95% humidity in an incubator.
These cells were cultured in DMEM media supplemented with 10% FBS, 10 mg/mL

gentamycin (Gibco, BRL, VWR, Canada) and 2mM glutamine.

Cell Treatment:

Melanoma and MCF-7 breast cancer cells were grown to approximately 60 to

70% confluence and were treated at 1.0 uM and 5.0 puM of each compound added directly
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to the media over various time periods to determine which time period showed significant
activity. NHF cells were treated at the same concentrations and time periods to test the

safety of these compounds.

Cell Viability Assay:

An MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay
(Sigma Chemical Company, Mississauga, Ontario, Canada) was performed by seeding
onto 96-well plates and treating with sphingosine kinase inhibitors over a 72 h period.
After treatment, 5Smg/mL MTT dye was added directly into the medium in each well and
plates were allowed to incubate for 4 h at 37 °C in the dark. The media was removed
gently and replaced with MTT solvent (0.1M HCI in anhydrous isopropanol) and allowed
to incubate in the dark at room temperature. The absorbance was then read at 590nm

using a spectrophotometer.
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