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Cancer is the second major cause of death in the United States and is the leading cause of

death of patients below the age of 85. Traditional chemotherapeutics, such as paclitaxel (Taxol

®) and docetaxel (Taxotere ®) have had a significant impact in the field of chemotherapy

because of their unique mechanism of action of inducing apoptosis by stabilizing microtubules

during mitotic cell division. However, studies have indicated that these drugs are not active in

multi-drug resistant (MDR) cancer cells. MDR arises from the overexpression of ATP-binding

cassette proteins which enable the cancer cell to remove cytotoxic agents from the cell via ATP

dependent efflux pumps, resulting in the loss of efficacy of the drug. In addition to the problem

of MDR, traditional chemotherapeutics have little or no specificity, which leads to systemic

toxicity, causing severe and harmful side effects. Therefore, it is important to develop next



generation taxoids with increased potency and activity in MDR expressing cancers, as well as to
incorporate these cytotoxic agents to tumor-targeting delivery systems to ensure selective
cytotoxicity and reduce systemic toxicity. In general, these delivery systems include a tumor-

targeting module (TTM) and a cytotoxic agent.

Highly potent next generation taxanes, SB-T-1214, SB-T-121602, and SB-T-121302,
were synthesized via Ojima-Holton coupling protocol using enantiopure -lactam and modified
10-Deacetyl-Baccatin I1I (10-DAB). The B-lactam required for the Ojima-Holton coupling
protocol was afforded via two synthetic routes; Staudinger [2+2] cycloaddition followed by
enzymatic resolution protocol and by the chiral ester enolate-imine cyclocondensation. In
addition, tumor-targeting drug conjugates were synthesized using linolenic acid (LNA) as the
tumor-targeting module. LNA is an essential fatty acid which plays a crucial role in many
metabolic processes. Polyunsaturated fatty acids, such as LNA, are greedily taken up by tumor
cells as biochemical precursors, making them effective tumor-targeting agents. Several LNA
drug conjugates were synthesized, including LNA-SB-T-1214 and LNA-SB-T-121602 as well as

a tumor targeting drug conjugate that incorporates a methyl-branched disulfide linker.
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§1.1. Introduction: Cancer and Cancer Therapy

§1.1.1 Cancer

Cancer is a leading cause of death worldwide and is likely to increase in frequency. In
the United States, cancer is the second major cause of death and is the leading cause of death of
patients below the age of 85." This lethal disease takes nearly half a million lives in the United
States each year.” Cancer is classified as a group of diseases in which cells uncontrollably divide
past their normal growth limits. These cancerous cells impede and destroy neighboring tissues
and organs, and in some cases, they also metathesize, spreading to other locations in the body via
lymph or blood. Normal cells become cancerous due to mutations in their genetic material.
Long term exposure to carcinogens, such as tobacco smoke, radiation, and chemical agents, are
responsible for mutations that give rise to cancer. These mutated cells become insensitive to
anti-growth signals, such as tumor-suppressor genes, resulting in the formation of a tumor. One
means in which cancer can be prevented is by modifying lifestyle behaviors; eating healthy,
staying fit, and abstaining from smoking. However, in some instances cancer cannot be
prevented, thus, early detection and determining the best treatment option can sometimes

increase patient survival.

§1.1.2 Treatment Options

There are several treatment options employed to treat cancer including surgery, radiation

therapy, immunotherapy, and chemotherapy. The choice of therapy depends on location, stage,



and grade of the tumor. At times, these treatment options may not provide a cure for the cancer,
but can alleviate symptoms and improve the quality of life for patients.

Surgery uses invasive techniques to remove tumors. This is a useful treatment option if
the cancer has not metathesized. It is important that surgeons remove all traces of cancer cells to
prevent recurrence of a tumor, thus, this process may require the removal of tissues/organs that
neighbor the tumor.

Radiation therapy is the use of high-energy X-rays to destroy cancer cells. It is usually
used to treat solid tumors and leukemia. Radiation therapy can be administered externally via
external beam radiotherapy or internally via brachytherapy. This treatment only affects the area
being treated; as a result, normal cells may be destroyed during treatment.

Immunotherapy is a relatively new field in the treatment of cancer. It is the process of
increasing the patient’s immune system to fight cancer through various therapeutic strategies.
Some strategies involve the use of vaccines, bone marrow transplantation, and the use of
interferons and other cytokines to induce an immune response.

Chemotherapy uses chemical agents or anticancer agents to kill cancer cells.
Chemotherapeutics function on the premise that chemical agents are able to differentiate cancer
cells from normal cells and destroy them. However, chemical agents cannot differentiate
between cancer cells and normal cells and as a result, these agents kill both normal and cancer
cells. This lack of specificity leads to systemic toxicity, resulting in several undesired and severe
side effects such as hair loss, depression of the immune system, and damage to the liver, kidney

and bone marrow.



§1.2. Paclitaxel

§1.2.1 Discovery and Development

In 1958, the National Cancer Institute (NCI) established the Cancer Chemotherapy
National Service Center (CCNSC) as a public headquarters for the screening of potential
anticancer compounds.” In 1960, they initiated a program to screen various plant species for
anticancer activity.* Dr. Monroe E. Wall and Dr. Mansukh C. Wani of the Research Triangle
institute, North Carolina, screened the bark of Taxus brevifolia (Pacific Yew) and found that the
extract displayed antitumor activity in the Walker 256 carcinosarcoma, P1534 leukemia, and
P388 leukemia assays.” Wall and Wani later determined that the active ingredient was paclitaxel

(Taxol®) (Figure 1).

Figure 1: Structure of paclitaxel (Taxol ®).

The structure of paclitaxel is quite complex. It is a diterpene that contains a tetracyclic
core and an N-benzoylphenylisoserine side chain at the C-13 position. This structure contains a

total of 11 chiral centers and contains a nitrogen group and various oxygen functionalities.

After the discovery of the active structure, initial tests showed effective activity in

. . . . .6 .
various human solid tumor xenograph studies in nude mice.” Dr. Susan B. Horwitz and
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coworkers discovered that paclitaxel had a unique mechanism of action of stabilizing
microtubules. This stabilization inhibits microtubule depolymerization, causing the arrest of
cellular division in the G2/M phase leading to early mitotic exit.” These discoveries lead to
research via clinical trials in 1982. Clinical reports showed that paclitaxel was effective in
refractory ovarian cancer and breast cancer.® Paclitaxel was later licensed to Bristol-Myers
Squibb, where it was trademarked under Taxol ® Presently, paclitaxel is the most widely used
anticancer agent and is used in the treatment of ovarian cancer, breast cancer, and lung cancer, as

well as Kaposi's sarcoma.

§1.2.2 Mechanism of Action

After the discovery of paclitaxel’s potent cytotoxic activity, it was assumed that it
possessed the same mechanism of action as typical spindle poisons such as colchicines or vinca
alkaloids. These compounds act by inhibiting microtubule polymerization. Microtubules are
essential components in cell structure and cell division. Inhibiting the formation of microtubules
disrupts cell division and other normal functions, which induces apoptosis. In 1979, Horwitz and
co-workers discovered that paclitaxel possessed a unique mechanism of action; instead of
inhibiting microtubule polymerization, it actually promotes and stabilizes the formation of
microtubules.” This stabilization prevents the dynamic depolymerization of microtubules causing
the cell to be locked in between metaphase and anaphase of mitotic cell division. This anomaly

eventually induces apoptosis.



gsLL Poat Maretubute g ;
&

Prophase
Metaphase
inteffigase Anag
Slow M le Dynamics BLOCK BY TAXOL
Protein OR VINBLASTINE
Cell Growth

Telophase and
cell division

Figure 2: The function of anticancer agents on cell cycle.’

Microtubules are polymers of a- and B-tubulin dimers. Paclitaxel binds to the B-tubulin
protein and upon polymerization, it stabilizes the structure. Normally, microtubules polymerize
in the presence of guanosine 5'-triphospate (GTP), magnesium ions, and microtubule-associated
proteins (MAPS). Paclitaxel was found to increase the rate and nucleation of the formation of
microtubules in either the presence or absence of the microtubule polymerization promoting
elements.'® The resulting microtubule formed with paclitaxel is structurally different; it contains
12 protofilaments with a diameter of 22 nm instead of the normal structure which contains 13

protofilaments with a diameter of 23 nm. Microtubule polymerization and paclitaxel mechanism

of action is shown in Figure 3.
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Figure 3: Representation of normal microtubule polymerization (upper)

and Taxol®-promoted microtubule polymerization (lower)."'

§1.2.3 Synthesis

Paclitaxel received worldwide attention as a promising anticancer agent. However, large
scale clinical trials were hampered and structure activity relationships were not practical due to
limited supply of the drug.'? For nearly 20 years after its discovery, the major source of
paclitaxel was isolated from the bark of Taxus brevifolia (Pacific Yew). The isolation process
was extremely difficult and low yielding; 12 kg of bark afforded 0.5 g of paclitaxel (0.004 %).’
In addition, the pacific yew is killed in the isolation process. Continued isolation of paclitaxel
could have potentially led to several consequences, such as ecological problems and a decrease
in the population of pacific yew. As a result, many researchers have found alternate methods to

get paclitaxel to overcome these problems, such as the total synthesis of the natural product. The



total synthesis of paclitaxel has been accomplished by several research groups, Dr. Holton, Dr.
Nicolaou, Dr. Danishefsky. Dr. Wender, Dr. Kuwajima, Dr. Mukaiyama, and Dr. Takahashi.
However, none of these total synthesis method are feasible for a large scale production of
paclitaxel.

Fortunately, Dr. Potier’s group in France isolated 10-deacetyl baccatin III (10-DAB)
from the leaves of Taxus baccata (European Yew)." Isolation from leaves gives high yields and
the leaves are a renewable source. This compound is structurally similar to paclitaxel (Figure 4),
however, 10-DAB(III) does not contain the functionalization at the C-10 position nor the C-13

side chain.

Figure 4: Structure of 10-Deacetyl-Baccatin III (10-DAB)

10-DAB can be used as a Taxol precursor in the semi-synthesis of paclitaxel, ensuring a
large and long term supply of paclitaxel. Using 10-DAB in a semi-synthetic scheme, it becomes
apparent that the attachment of a two chiral centered C-13 side chain needed. Ojima et al. has
shown that the C-13 side-chain can be coupled to the baccatin scaffold using an enantiopure -

%15 This novel procedure for the preparation

lactam in the presence of a strong base (Scheme 1).
of taxoids using B-lactams is known as the B-lactam Synthon Method (B-LSM) or the Ojima-

Holton coupling protocol. This procedure affords taxanes in high yields and it is a practical and

efficient semi-synthetic method for large scale production of paclitaxel and paclitaxel analogs.
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Scheme 1: General scheme for the Ojima-Holton Coupling Protocol.'* "

§1.2.4 Multi-Drug Resistance (MDR)

Although paclitaxel possesses potent anticancer activity, studies have shown that this
drug produces drug resistance in cancer cell lines and is not active in multi-drug resistance
(MDR) cancer cell lines.'® Multi-drug resistance is the condition of enabling a cell to become
resistant to chemotherapeutic agents. MDR arises from, but is not limited to, the overexpression
of specific tubulin isotypes'’ and the overexpression of ATP-binding cassette (ABC)
transporters.'® P-glycoprotein (Pgp) and multidrug resistance-associated proteins (MRP) are two
molecular pumps from the ABC family that have been associated with MDR. Overexpression of
these proteins allows for the efflux of chemotherapeutic agents through an ATP-dependent

pump, which results in the loss of efficacy of the drug (Figure 5).
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Figure 5: Efflux of Chemotherapeutics by pgp.

§1.2.5 Structure-Activity Relationship of Paclitaxel (SAR)

After practical synthetic methods were established, the large scale production of
paclitaxel was achievable. Due to the nature of MDR in cancer cells and the availability of
paclitaxel, numerous chemical modifications on the baccatin skeleton and the C-13 side chain
have led to extensive SAR studies. These paclitaxel analogs can be more potent than the parent
compound and can possibly reverse the effects of MDR in cancer cells. A summary of SAR

studies of paclitaxel is shown in Figure 6.
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Figure 6: Summary of SAR studies of Paclitaxel."”**

The C-13 side chain is an essential component in the activity of paclitaxel. The ester

functionality on the C-13 side chain is required and replacement with an amide bond would lead

to loss of activity.”” The chirality at the C2” and C3’ position, S and R respectively, are required

for full activity. The isomer of paclitaxel (2°R, 3°S) is significantly less active; however,

epimerization of one of the two stereocenters results in analogs with comparable activity.”' The

free C-2’ hydroxyl group is essential for activity. The hydroxyl group participates in a hydrogen

bond with either the Arg 396 or Gly 370 protein of B-tublin and thus required for tight binding to

22

The free hydroxyl group can be esterified to mask its activity and later hydrolyzed to

activate the drug; this method is the rationale for “pro-drug” approaches. The C3’ and the C3°N-

12



acyl substituents can be varied. The N-acyl group is required for activity and substitution of
tertiary and aromatic groups have shown to improve efficiency. Tert-butyl group has been
chosen at the C3°N position due to its favorable pharmacokinetic properties, as shown in the
difference between paclitaxel and docetaxel.” Ojima et al. showed that the C 3’-phenyl group
was not essential for the activity of novel analogues, and that a substitution of the 3’-phenyl with
an isobutenyl moiety increased the activity of these analogues.”*

The A, B, C, and D rings are required for optimal cytotoxicity. The northern face of the
baccatin scaffold can be varied. The C-10 position has been shown to be recognized by the Pgp
efflux pump, and modifications at this position can improve efficacy against MDR cancer cells.”
Reduction at the C-9 position can be tolerated, but only slightly improves activity and does not
prove to be very advantageous. The hydroxyl group at the C-7 position is optimal for activity,
however, acylation or epimerization do not significantly alter its activity. The southern face of
the baccatin scaffold is less flexible and can be slightly varied. Studies have shown that the
removal of the benzoyl group and/or epimerization at the C-2 position results in a significant

26,27

decrease in activity. It was also found that introducing substituted phenyl groups at the para

position was detrimental to activity due to disruptions of hydrophobic interactions, however,

28,29

meta substitution generates analogs with superior activity. The C-4 position can be

substituted with small acyl groups, but large bulky groups results in the loss of binding.

With a great deal of information known on the structure of paclitaxel through extensive
SAR studies and the establishment of efficient semi-synthetic methods, researchers can

synthesize taxol analogs with increased potency and MDR reversing capabilities.
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§1.3.0 p-Lactam

§1.3.1 Introduction

B-lactams are four-membered ring heterocyclic compound containing three carbon atoms
and one nitrogen atom. The B-lactam ring is the central structure in several antibiotics families
including penicillins, cephalosporins, carbapenemes, and monobactams. [-lactam antibiotics
inhibit the synthesis of peptidoglycan, which is essential to maintain the integrity of bacterial cell
walls.”® The first synthesis of a B-lactam was accomplished by Hermann Staudinger in 1907 by
the reaction of the Schiff base of aniline and benzaldehyde with diphenylketene in a [2+2]
cycloaddition.”® B-lactams are also very useful in synthesis because of their strain ring system,
which can open upon nucleophilic attack. In 1991, Ojima et al. demonstrated that B-lactams can

be used in the semi-synthesis of paclitaxel and newer generation taxoids (Scheme 1)."

A high enantioselective B-lactam can be afforded via two major synthetic routes; chiral
ester enolate-imine cyclocondensation and Staudinger [2+2] cycloaddition followed by
enzymatic resolution.”> These methods have been well established in the Ojima lab for the

synthesis of novel pB-lactams.
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§1.3.2.0 Synthesis of p-lactam via Staudinger [2+2] Cycloaddition followed by Enzymatic
Resolution

The Staudinger reaction is a [2+2] cycloaddition between a Schiff base and a ketene to
form a B-lactam. This method is economical due to the readily available Schiff bases and

ketenes. The mechanism for the Staudinger [2+2] cycloaddition is shown in Scheme 2.
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Scheme 2: The Staudinger [2+2] cycloaddition mechanism
to form the trans (upper) and cis (lower) B-lactam.

The imine adds to the ketene as a nucleophile in either an endo or exo fashion, which
forms a zwitterionic intermediate. This intermediate undergoes electrocyclic conrotatory ring
closure to yield the B-lactam. In general, (£)-imines lead preferentially to cis-B-lactams, while
(Z2)-imines lead to trans- B-lactams. However, Ab initio calculations have shown that the
substituent groups on the ketene can modulate the imine approach.® If the substituent group is
electron donating, the imine will add exo and con-rotatory ring closure will occur in an outward
fashion to give cis-B-lactam, whereas, an electron withdrawing group will favor an endo

approach and con-rotatory ring closure will occur in an inward fashion to give trans-p-lactam.
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One method to obtain enantiopure -lactam is through an enzymatic resolution of racemic
B-lactam. It has been reported that several Pseudomonas lipases can be used as the enzyme in
the enzymatic resolution of B-lactams.”* The lipase preferentially cleaves the acetate group of

the (-) enantiomer leaving the (+) enantiomer intact (Scheme 3).
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Scheme 3: Enzymatic resolution of racemic p-lactam.*

In the Ojima lab, p-anisidine is used as the nitrogen source for the formation of the imine.
After Staudinger [2+2] cycloaddition and subsequent enzymatic resolution, the -lactam
produced will contain p-methoxyphenyl (PMP) group attached to the nitrogen. The PMP group
can be removed with ceric ammonium nitrate (CAN) affording a free amine, which can be
further modified with various substituents to give novel B-lactams. Varying the nitrogen
substituent on the B-lactams can yield novel taxoids with different C’3 groups via Ojima-Holton
coupling protocol. The reaction mechanism for the CAN deprotection of PMP is shown in

Scheme 4.
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Scheme 4: Mechanism of the removal of PMP using CAN.

The mechanism for the removal of the PMP group involves two Single Electron
Transfers (SET). The PMP group donates a single electron to cerium (IV) forming a radical
cation intermediate that is susceptible to a nucleophilic attack by water. Donation of a second
electron to another CAN molecule results in a quinone like radical which is then cleaved by the
addition of a second water molecule producing the free amine, quinone and methanol as the

primary products.

§1.3.2.1 Results and Discussion

The synthesis of the B-lactam began with the formation of the heterocyclic ring core via
the Staudinger reaction between an imine and a ketene. The imine, I-1, was produced by the
condensation reaction of 3-methyl-2-butenal in the presence of p-anisidine and a drying reagent.

The imine, I-1, was used in the subsequent Staudinger [2+2] cycloaddition reaction without

17



purification. Compound I-1 was reacted with acetoxyketene, generated in situ from
acetoxyacetyl chloride and triethylamine in low temperature, that afforded a racemic mixture of

cis- B-lactam, I-2, in low yields (Scheme 5).
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Scheme 5: Imine formation (upper) and Staudinger [2+2] cycloaddition reaction (lower)

The Staudinger [2+2] cycloaddition reaction was problematic. The formation of trans- -
lactam was observed, which attributed to the low yield. Since the ketene generated in situ from
acetoxyacetyl chloride contained an acetoxy electron withdrawing group, the trans-p-lactam was
the favored product. To prevent frans formation, the reaction temperature must be maintained at
-78 °C to yield the desired but less stable cis conformer. The formation of trans-B-lactam during
this reaction was due to the incorrect maintenance of a constant low reaction temperature and/or
the addition speed of acetoxyacetyl chloride was rapid. Lowering and correctly maintaining the
temperature, decreasing addition speed, or simultaneously cooling the acetoxyacetyl chloride

during addition to the imine can reduce the formation of the undesired frans-p-lactam.
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High percent enantiomeric excess (% ee) f-lactam was required for the Ojima-Holton
coupling protocol. High % ee cis-B-lactam, (+) 1-2, was achieved in low yields via enzymatic
resolution using PS-Amano lipase (Scheme 6). The hydrolyzed enantiomer was not quantified

and was given to graduate student Wen Chen for her studies on B-lactam.
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Scheme 6: Enzymatic Resolution of racemic B-lactam, (+/-) I-2

The activity of the lipase can be unpredictable and the lipase can be sensitive to changes
in temperature and pH. The low yield may have resulted in the enzyme overreacting and
hydrolyzing the acetate group of the (+) enantiomer. A possible reason for this over activity is
that the reaction temperature may have been above the optimal temperature of this enzyme, 50
°C, which may have caused the enzyme to hydrolyze the (+), enantiomer. The reaction
temperature must be maintained religiously in order to prevent the hydrolysis of the desired
compound. A small scale hydrolysis of (+) 1-2 to produce (+) 1-3 was done to test the
enantiomeric excess by HPLC using a chiral OD-H column. Results indicated that I-2 had a >97
% ee.

The high optical purity of (+) I-2 allowed for further modification. Compound (+) I-2
was hydrolyzed to yield (+) I-3. The resulting alcohol was protected with TIPS, which afforded
(+) I-4 in high yields. Compound (+) 1-4, underwent CAN deprotection for the removal of the

para-methoxyphenyl group that yield a free amine in compound (+) I-5, which a ~-Boc moiety
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was introduced in the subsequent reaction by Boc anhydride to give the B-lactam, (+) I-6, in

high yields (Scheme 7).
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Scheme 7: Synthesis of B-lactam, (+) I-6.

§1.3.3.0 Synthesis of B-lactam via Chiral Ester Enolate-Imine Cyclocondensation
Another approach for the formation of a B-lactam is via chiral ester enolate-imine
cyclocondensation. The chiral ester component is derived from Whitesell’s chiral auxiliary
(WCA). Chiral auxiliaries are widely used in chemical synthesis to introduce chirality in
otherwise racemic compounds. The WCA can be synthesized by following the protocol
developed by Whitesell; Cul-catalyzed ring opening with phenylmagnesium bromide to afford
racemic trans-2-phenyl-cyclohexanol, the resulting alcohol is then acylated using acetic
anhydride in the presence of DMAP, then subsequent enzymatic resolution using pig liver

acetone powder (PLAP) to afford (-)-trans-2-phenyl-cyclohexanol, (-) WCA (Scheme 8).%
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Scheme 8: Synthesis of Whitesell’s Chiral Auxiliary, (-) WCA.*

Ojima et. al. has utilized WCA in the synthesis towards novel B-lactams via chiral ester
enolate-imine cyclocondensation.*® In the past, this method was the primary route toward the

synthesis of novel B-lactams in the Ojima group (Scheme 9).
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Scheme 9: Synthesis of B-lactams via Chiral Ester Enolate-Imine Cyclocondensation.*®

The reaction mechanism of the chiral ester enolate-imine cyclocondensation is shown in
Scheme 10.”7 At low temperatures, the chiral ester is isomerized to the (£)-enolate and adds to
the least hindered side of the trans-imine, forming the B-amino ester intermediate. This
intermediate undergoes cyclization upon warming to room temperature to afford the cis- -
lactam and regenerates the (-) WCA. The formation of the cis- B-lactam with high optical purity
is due to the 6-member-ring transition state.
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Scheme 10: Mechanism of the Chiral Ester Enolate-Imine Cyclocondensation.”’

In recent years, the chiral ester route has been replaced by the economical Staudinger
[2+2] cycloaddition followed by enzymatic resolution; which is outlined in the previous section.
While both of these synthetic routes are fairly successful, both methods suffer from a lengthy and
unpredictable enzymatic resolution. The enzymatic resolution reaction is an unattractive process
because it is very tedious to monitor, large scale production requires large glassware for the
phosphate buffer, may take up to a week to complete, and can give low yields. As a result, chiral
ester enolate-imine cyclocondensation developed by Ojima ef al. was revisited and was applied a
new methodology presented by Sharpless ef al.*® This new methodology provides an asymmetric
synthetic route towards the synthesis of high enantiopure (-) WCA, eliminating the use of an

enzymatic resolution (Scheme 11).
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Scheme 11: Asymmetric synthesis of (-) WCA by Sharpless et al.’’

Using the protocol presented by Sharpless et. al., cyclohexenylbenzene proceeds through
a Sharpless asymmetric dihydroxylation to the alkene to yield an asymmetric cis-diol.
Subsequently, the diol undergoes benzylic reductive dehydroxylation in the presence of Raney
Nickel to yield (-) WCA in moderate yields and excellent enantiopurity.

The Sharpless asymmetric dihydroxylation reaction occurs in the presence of osmium
tetra oxide and a suitable ligand. The reaction mechanism of Sharpless asymmetric
dihydroxylation to an alkene is displayed in Figure 7.%° The first step is the formation of the
active catalytic species, osmium tetroxide-ligand complex (2). A [3+2] cycloaddition occurs
between the alkene (3) and the osmium tetroxide-ligand complex to give a heterocyclic 5
member ring intermediate (4). This intermediate undergoes basic hydrolysis to liberate the
asymmetric diol (5) and reduced osmate (6). Lastly, potassium ferricyanide oxidizes the osmate

which regenerates the active catalysis to continue the cycle.
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Figure 7: Mechanism of Sharpless asymmetric dihydroxylation.*

The cis-diol generated in the Sharpless asymmetric dihydroxylation reaction can be
racemic because the osmium can deliver the hydroxyl from both the "top" face as well as the
"bottom" face of the alkene. In order to selectively generate a single enantiomer, Sharpless
developed a phthalazine class of chiral ligands, (DHQD),-PHAL and (DHQ),-PHAL, to
selectively direct the delivery of the hydroxyl groups to the alkene. When (DHQD),-PHAL was
used, "top" face attack occurred exclusively giving the (R)-adduct, whereas when (DHQ),-PHAL

was used, “bottom” face attack occurred exclusively giving the (S)-product.

By incorporating Sharpless’s methodology of the asymmetric synthesis of (-) WCA to
the already established chiral ester enolate-imine cyclocondensation method developed by
Ojima et al, one can possibly synthesize large amounts of chiral B-lactams with high optical

purity in a timely and high yielding fashion.
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§1.3.3.1 Results and Discussion

The synthesis of the B-lactam began with the synthesis of Whitesell’s chiral auxiliary, (-)
WCA (I-8). Cyclohexenylbenzene underwent Sharpless asymmetric dihydroxylation to afford
the asymmetric cis-diol (I-7) in quantitative yield in the presence of osmium tetroxide, potassium
ferricyanide, and the ligand (DHQD),-PHAL. The cis-diol was used crudely in the subsequent
benzylic reductive dehydroxylation to give enantiopure Whitesell’s chiral auxiliary, (-) WCA (I-

8), in 50 % yield after recrystallization in pentane (Scheme 12).

O K,080,4-2H,0 (0.6 %), (DHQD),PHAL (2.4 %)
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Scheme 12: Synthesis of enantiopure Whitesell’s chiral auxiliary, I-8.

After enantiopure [-8 was obtained, the synthesis of the chiral ester can be accomplished
via coupling of an acyl chloride moiety. The synthesis of the acyl chloride moiety is shown in
scheme 13. Commercially available methyl glycolate was protected with TIPSCI in the presence
of imidazole and DMF to give I-9. Compound I-9 underwent hydrolysis by aqueous lithium
hydroxide that afforded I-10 in high yield. Aqueous lithium hydroxide was previously shown to

selectively hydrolyze esters while not effecting large silyl-ether substituents, such as TBDMS or

25



TIPS.* The free carboxylic acid was transformed into an acyl chloride, I-11, in the presence of

oxylal chloride and a catalytic amount of DMF.

TIPSCI (1.1 eq)

0] ; 0]
Imidazole (3.0 eq)
~ OTIPS
~ o OH I oA
0°C-r.t.,12 hrs
Quantitative 1-9

Oxylal Chloride (1.3 eq)

1 M LiOH-H20 o Chioride ( o
THF OTIPS - M _otps
0°C-rt HO)K/ CH,Cly, rt, 12hrs  Cl
Overnight 1-10 Quantitative Clrji(ie
90 %

Scheme 13: Synthesis of the acyl chloride for chiral ester formation.

The synthesis of the chiral ester and subsequent cyclocondensation to form the B-lactam
is shown in scheme 14. After the acyl chloride intermediate was synthesized (I-11), it was
coupled to I-8 in the presence of DMAP and pyridine that afforded the chiral ester, I-12, in high
yield. The acyl chloride was used in the coupling reaction without purification. During the
course of this reaction, HCIl was generated which was trapped as a pyridine salt. With the Chiral
ester in hand, the cyclocondensation reaction was done with the crude imine in freshly prepared
LDA solution. The imine was slowly added over the course of 2 hours to the LDA-chiral ester
solution via a syringe pump. Reaction was mixed overnight at -85 °C. LiHMDS was added to
the solution upon completion. Purification of the crude product mixture was tedious and
afforded the B-lactam in low yields after several recrystallizations. The %ee of the B-lactam was

determined to be 98 % by HPLC.
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LIHMDS (0.8 eq) OMe
0,
35% (+) 1-4 1-8

Scheme 14: Synthesis of Chiral ester and cyclocondensation with imine.

The high optical purity allowed for further modification by the same methods shown in
scheme 7; (+) I-4 underwent CAN deprotection and subsequent boc protection that afforded the

desired B-lactam in good yields.

§1.4.0 Next Generation Taxanes

Paclitaxel and Docetaxel, have had an immense impact in the field of chemotherapy
because of their ability to induce apoptosis by stabilizing microtubules, causing the arrest of
cellular division in the G2/M phase leading to early mitotic exit.’ As stated in earlier sections,
recent reports have shown that treatment with these potent chemotherapeutic drugs has led to
multi-drug resistance (MDR) in cancer cells.'® Thus, it is extremely important to synthesize new
generation taxoids with increased potency and activity in MDR expressing cancers.

MDR enables the cancer cell to remove cytotoxic agents out of the cell via ATP

dependent efflux pumps, which results in the loss of efficacy of the drug.'® P-glycoprotein (Pgp)
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and multidrug resistance-associated proteins (MRP) are two molecular pumps from the ABC
family that have been associated with MDR. According to extensive SAR studies on paclitaxel,
the C-10 position shows a very high affinity for Pgp pump and C-2, C-4, C-1’, and C-3’N acyl
position shows good affinity for Pgp pump (Figure 8).>> Modifying these positions with other
functional groups may cause the drug to be unrecognizable to efflux pumps, thus increasing its

potency and reversing the effects of MDR in cancer cells.

Figure 8: Paclitaxel recognition elements for Pgp. Type II shows stronger affinity for Pgp.”

Ojima et. al. have found that the C-3’-phenyl group was not an essential component in
the activity of taxanes and that modification of the C-10 position with certain acyl groups as well
as replacement of the phenyl group with an isobutenyl group at the C-3’ position made taxene
analogs with 2-3 orders of magnitude more potent than paclitaxel in MDR expressing cancer cell
lines.” These highly potent taxanes were named 2™ generation taxanes. Of these second
generation taxanes, SB-T-1214 has not only shown improved potency against MDR cell lines,
but also shows increased activity in ovarian cell lines, lA9PTX10 and 1A9PTX22, which

contain point mutations in B-tubulin.*' Another 2™ generation taxane, SB-T-1216, has shown to
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induce cell death in a different mechanism than paclitaxel. Cell death induced by SB-T-1216
took place without the accumulation of cells in the G2/M phase but with a decreased number of
G1 cells and the accumulation of hypodiploid cells, whereas, paclitaxel induced cell death is
associated with accumulation of cells in the G2/M phase.* Second generation taxane, SB-1213
has also shown to enhance and alter polymerization of microtubules when compared to
paclitaxel. These alterations caused by SB-T-1213 include the formation of unusual microtubule
with attached extra protofilaments or open sheets; these differences may explain the heightened
potency and efficacy of SB-T-1213.*

Kingston, et al. have reported that modifications at the meta position of the C-2 benzoate
of paclitaxel has shown increased cytotoxicity in MDR cancer cell lines.'® With this information
at hand, Ojima er. al. have further modified the C-2 position of the baccatin core of 2™
generation taxanes. Modifications at the C-2 position include an electron rich substituent on the
benzoyl group. These taxanes are also 2-3 orders of magnitude more potent than the parent
compound and also show no difference in the ICs values in both cancer cell lines and MDR
expressing cancer cell lines, whereas 2" generation taxanes show an decreased ICs value in
MDR cancer cell lines relative to non-MDR expressing cancer cell lines.*' These taxanes that
show no difference in potency in MDR and non-MDR cancer cell lines are called 3" generation

taxanes."' Structures of 2"® and 3™ generation taxanes are shown in Figure 9.
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Figure 9: 2" and 3" generation taxanes.

The synthesis of next generation taxanes is of key interest in the Ojima lab. Chemical
modifications on the 10-deacetyl baccatin III skeleton and subsequent attachment of the C-13
side chain via Ojima-Holton protocol using an enantiopure -lactam are done to synthesize

several different next generation taxanes.

§1.4.1 Synthesis of SB-T-1214

Modification of the baccatin core for the synthesis of SB-T-1214 began with the selective
protection of the C-7 position on the natural product 10-DAB using triethylsilyl chloride
(TESCI) and imidazole in dimethylforamide (DMF). Selective protection at the C-7 position can
occur because that is the most reactive hydroxyl group on the baccatin core. The desired 7-TES-

DAB, II-1, was afforded in high yields. Compound II-1 was then acylated at the C-10 position
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in the presence of cyclopropanecarboxylic acid chloride and LiHMDS to yield modified 10-DAB
(I1-2) in moderate isolated yield. Modification at the C-10 position can be difficult; disubstituted
product at the C-10 and C-13 positions can be obtained if the reaction time is lengthened. Slow
dropwise addition of LIHMDS was done and it was carefully monitored to prevent disubstitution.
The low yield is due to initial signs of disubstitution that occurred; the reaction was quenched to
prevent further disubstitution, as a result a significant amount of II-1 and II-2 were both isolated
and collected. Disubsitiution should be avoided because the C-13 position must be free for the
Ojima-Holton coupling protocol and deacylation of the C-13 position can be difficult. It has been
experimentally observed that large scale C-10 acylation gives high yields without diacylated side
product. The collected II-1 was re-subjected to the acylation reaction. Scheme 15 shows the C-
10 modification towards SB-T-1214. Several modified baccatins can be afforded using this

protocol with necessary acyl chlorides.

TESCI (3.0 eq)
Imidazole (4.0 eq)

DMF
0°Ctort,1h
90-92%

10-DAB

o

A
(12eq)

LIHMDS (1.2 eq)
THF

-40 °C, 30 min
58-68%

11-2
Scheme 15: 7-Tes protection of 10-DAB and subsequent C-10 modification towards SB-T-1214.
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Compound II-2 was then subjected to the Ojima-Holton coupling with high optical purity
B-Lactam (>97% ee), which produced protected SB-T-1214 (I1-3) in good yields. The B-Lactam
used in the coupling was prepared via chiral ester enolate-imine cyclocondensation or Staudinger
[2+2] cycloaddition followed by enzymatic resolution protocols. Subsequent deprotection in the

presence of fluorine afforded SB-T-1214 (I1-4) in high yields as shown in scheme 16.

(6] (1 3 eq)

LiIHMDS (1.2 eq)
THF
-40°C,1.5h
81-89 %

HF py. (excess)
—_—

CH3CN:py. (1:1)
0°C-rt,16h
87-99 %

1I-4
SB-T-1214

Scheme 16: Synthesis of SB-T-1214 via Ojima-Holton Coupling protocol.

§1.4.2 Synthesis of 3" generation taxanes

As mention before, potent 3™ generation taxanes contain a meta substituent on the C-2
benzoyl group as well as modifications at the C-10 position on the baccatin core. Modification

of C-2 position on DAB is shown in scheme 17.
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Imidazole (5 eq)

DMF
0°Ctor.t.
36 hrs
82-93 %
10-DAB II-5
R \©/C02H
(8 eq)
Red-Al (3.0 eq) DIC (8eq), DMAP (8 eq)
B >
THF CH,Cl,
-30 °C, 90 min r.t., 5 days
90-97 %
A:R=CH; R
B: R= OCH3
-6 II-7A-78-87 %

1I-7B- 88%

HF/Pyridine

CH3CN:py. (1:1)
0°C-r.t., 48 hrs

A: R=CH3;
B: R=0OCHj;

II-8A- 78-96%
1I-8B- 95 %

Scheme 17: Synthesis of C-2 modified DAB.

The synthesis towards 3" generation taxanes began with the global protection of the

baccatin core. The C-7, C-10, C-13 positions of the baccatin were protected with triethylsilyl

chloride in Imidazole that afforded tri-TES-baccatin, II-5, in high yields. Subsequent reductive

cleavage of the C-2 benzoate group was done using Red-Al, sodium bis(2-

methoxyethoxy)aluminumhydride, which gave tri-TES-2-debenzyol-DAB, 11-6, in excellent

yields. Compound II-6 was reacted with excess m-toluic acid (A) or 3-methoxy-benzoic acid (B)
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in the presence of large amounts of 4-dimethylaminopyridine (DMAP) and N,N'-
diisopropylcarbodiimide (DIC) in a concentrated dichloromethane solution for 5 days, which
afforded tri-TES-2-m-methyl-benzyol-DAB, II-7A, and tri-TES-2-m-methoxy-benzyol-DAB,
I1I-7B, in moderate to high yields respectively. In the coupling reaction, the substrate contains a
free hydroxyl group at the C-1 position and with such excess coupling agents; it can be assumed
that coupling can happen at the C-1 position in addition to coupling at the C-2 position.
However, acylation at the C-1 position was not observed due to the fact that this hydroxyl group
is buried in the DAB structure. Compounds II-7B and II-7A underwent subsequent deprotection
in HF/pyridine to remove all the TES protecting groups from the baccatin skeleton that gave C-2

modified DABs, II-8A and I1-8B in moderate to high yields.

Once the C-2 modified DAB was obtained, further modification at the C-10 position can
be achieved using the same protocol shown in the modification of 10-DAB for the synthesis of
SB-T-1214 (Scheme 15). Compound II-8A underwent further C-10 modification shown in

Scheme 18.
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TESCI (3.0 eq)
Imidazole (4.0 eq)

DMF
0°Ctort,1h
82-87 %

I1-8A II-9A

O OTES
0
\N)km
| (1.2eq) 0
LIHMDS (1.2 eq)

THF Y

-40°C, 3 h

90-92 %

1I-10A

Scheme 18: Synthesis of C-10 modified 3-methyl-DAB.

The C-7 position of 2-m-methylbenzyol-DAB was selectivity protected with TES using
triethylsilyl chloride (TESCI) and imidazole in dimethylforamide (DMF) that afforded 2-m-
methylbenzyol-7-TES-DAB, II-9A, in good yields. Subsequent C-10 modification was done
using dimethylcarbamoyl chloride in the presence of LIHMDS, which gave 2-m-methylbenzyol-
7-TES-10- dimethylcarbamoyl-Baccatin, II-10A, in excellent yields. This C-10 acylation
reaction was slow and did not show any evidence of disubsitituted side product, which was
observed in C-10 modification on DAB using cyclopropanecarboxylic acid chloride for the
synthesis of SB-T-1214. Thus, dimethylcarbamoyl chloride must be relatively stable at the low
temperature and also because of the stable nitrogen-carbon bond in the structure may contribute

its stability.
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Modification of the C-10 position was also achieved by an alternative protocol as shown

in scheme 19.

CeCl3 (0.1 eq)
THF

0°C-rt,4h o
93%

1I-8A

TESCI (3.0 eq)
Imidazole (4.0 eq)

y

DMF
0°Ctor.t,2h
78 %

II-10AA

Scheme 19: Alternate protocol for C-10 modification using acid anhydrides.

In the presence of cerium trichloride, acid anhydrides selectivity reacts with the C-10
position on the baccatin core to yield C-10 acylated baccatin. Excess amounts of propionic
anhydrides were reacted with II-8A in the presence of cerium trichloride that gave compound II-
9AA in excellent yields. Normally, the C-7 hydroxyl group is more reactive than the C-10
hydroxyl group towards esterification; however, in the presence of cerium trichloride, the C-10

position is selectively acylated. A possible explanation for this selective acylation is that the
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Lewis acid, cerium, forms a chelate with the acetylating agent, and the C-7 hydroxyl and C-9

carbonyl groups on DAB, which allows for C-10 acylation (Figure 10).**

R1

Figure 10: Mechanism for selective C-10 acylation using a Lewis Acid."!

This alternative protocol is very attractive for the acylation of the C-10 position because
this reaction will not give undesirable di or tri acylated side products. The free C-7 hydroxyl
group was used crudely in subsequent protection with TES that produced II-10AA in good

yields.

Compounds II-10A and II-10AA were then subjected to the Ojima-Holton coupling
protocol and subsequent deprotection that gave 31 generation taxoids, SB-T-121602, 11-12A,
and SB-T-121302, II-12AA (Scheme 19) in moderate yields. The f-Lactam used in the coupling
reactions were >97 % ee and were previously prepared via chiral ester enolate-imine
cyclocondensation or Staudinger [2+2] cycloaddition followed by enzymatic resolution

protocols.
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Scheme 20: Synthesis of 3™ generation taxanes, SB-T-121602 and SB-T-121302,

via Ojima-Holton coupling Protocol.

§1.4.3 Synthesis of a Taxane construct

§1.4.3.1 Introduction

New generation taxanes were synthesized in high yields from the Ojima-Holton coupling
protocol using modified baccatins and enantiopure B-lactams. However, synthesizing a library of
new generation taxanes can be a lengthy process considering that it takes 8 steps to synthesize 3™
generation taxanes and each step requires purification via column chromatography. A practical
and economical approach would be to synthesize a taxane construct which can be utilized in a

few chemical reactions to yield a variety of next generation taxanes. The majority of next
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generation taxanes synthesized in the Ojima lab contain modifications at the C-2 and C-10
positions on the baccatin core which gives rise for the diverse library of taxane analogs. A
possible construct can be a taxane with an available C-10 position that can be easily acylated
with various acyl chlorides to yield a diverse array of new generation taxanes. Scheme 21

displays the rationale for the synthesis of new generation taxanes using the taxane construct.

0 %\
1) acylation RZACI 0

2) Deprotection

0]

R1 R1

Taxane Construct New generation Taxanes

Scheme 21: Synthesis of New generation Taxanes using a Taxane construct.”'

This taxane strategy has been employed in the Ojima lab.*' Using this taxane construct
strategy, one can synthesize new generation taxanes when needed in just two easy steps instead

of synthesizing it from 10-DAB.

§1.4.3.2 Results and Discussion

The synthesis toward the taxane construct began with the selective acylation of 10-DAB,
III-1A, and m-methoxy-DAB, III-1B, to eventually afford a 2™ and 3™ generation construct

(Scheme 22).
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Scheme 22: Synthesis of Taxane Construct.*’

C-10 acylation was achieved using acetic anhydride in the presence of cerium chloride
that afforded compounds III-2A and III-2B. The free C-7 positions of these compounds were
later silylated to afford ITI-3A and ITI-3B in good yields. A low yield of 50 % was observed for
one experiment because the solvent (DMF) was wet, which prevented complete C-7 protection

on compound ITI-2A. Compound ITI-3A was coupled to an optically pure, >97 % ee, B-lactam
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via Ojima-Holton coupling protocol that afforded III-4A in excellent yields. Selective
deacylation at C-10 position of compound III-4A was achieved using hydrazine monohydrate in
ethanol. Initial attempts at this selective deacylation resulted in 0 % conversion; this was
because the hydrazine monohydrate used was a very old bottle and may have been oxidized. A
new bottle was used and afforded the desired product, III-5A, in moderate yields. However, this
reaction produced a small amount of a side product, < 8 %. The side product was determined via
FIA and "H-NMR analysis to be compound III-5A without the C-7 TES group attached to it.
Thus, the reaction condition became too harsh due to the accumulation of acetohydrazide by-
product which may have result in the cleavage of the bulky TES group.

With the second generation taxane construct in hand, various 2" generation taxanes can
be synthesized. The construct, ITI-5A, was used to synthesize 2™ generation taxoid, SB-T-1214

(Scheme 23).

V)J\ (1 2eq)

: o“" :
| Gmps OHB OT( LIHMDS (1.2 eq)
0§ THF
-40°C, 2 hrs
II-5A -3

HF py. (excess) %\
CH3CN py. (1:1) )I\
O°C r.t.

Overnight ’
80% in two steps

114
SB-T-1214

Scheme 23: Synthesis of SB-T-1214 from the Taxane construct.
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Compound ITI-5A was acylated with cyclopropanecarboxylic acid chloride in the
presence of LIHMDS to afford compound II-3. Subsequent deprotection gave SB-T-1214, 11-4,
in 80 % yield over two steps. However, another compound was observed in the deprotection
reaction; the compound was isolated and characterized via 'H-NMR and FIA. The compound
was determined to be deprotected III-5A (C-10 hydroxyl taxoid). This evidence shows that the
acylation of III-SA with cyclopropanecarboxylic acid chloride to yield II-3 was not complete.
This reaction was monitored via TLC analysis and 'H-NMR. Monitoring this reaction can be
difficult; TLC does not work well since there is minimal difference in polarity between
compounds ITI-5A and II-3 and '"H-NMR may not always give accurate conversion values. As a

result, this reaction should be monitored via HPLC to ensure completion and higher yields.

§1.5 Conclusions

The synthesis of a high optically pure B-lactam was done using two different synthetic
routes; the standard Staudinger [2+2] cycloaddition followed by enzymatic resolution protocol,
which has been well established in the Ojima lab and by new chiral ester enolate-imine
cyclocondensation route that incorporates a new methodology by Sharpless and others for the
synthesis of the chiral auxiliary used in the formation of the chiral ester. Both synthetic routes
produced good quantities of B-lactams with high optical purity, however using the standard
protocol, the B-lactam was afforded in 4 weeks due to the long and unreliable enzymatic
resolution reaction. The new chiral ester enolate-imine cyclocondensation route produced larger
quantities of B-lactam in just 2 weeks. The new protocol is a better and a more efficient way of

synthesizing -lactams with high optical purity.
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In vivo studies and biological evaluation of new generation taxanes requires a large
supply of taxanes, thus, highly potent second and third generation taxanes were synthesized. The
promising second generation taxane, SB-T-1214, was synthesized in good yields. Third
generation taxanes, SB-T-121602 and SB-T-121302 were synthesized in good yields. The
synthesis of a taxane construct was also done. The rational for the taxane construct is that it can
be used as an intermediate for the synthesis of diverse taxanes in a timely fashion. This construct
was successfully synthesized and utilized to produce SB-T-1214 in good yields. This taxane

construct can provide a better and faster means of synthesizing taxanes.

§1.6 Experimental Section

§1.6.1 General Methods and Materials

'H and C NMR spectra were measured on a Varian 300, 400 or 500 NMR spectrometer.
Melting points were measured on a Thomas Hoover Capillary melting point apparatus and are
uncorrected. Optical rotations were measured on a Perkin-Elmer Model 241 polarimeter. TLC
was performed on Merck DC-alufolien with Kieselgel 60F-254 and column chromatography was
carried out on silica gel 60 (Merck; 230-400 mesh ASTM). Mass to charge values were
measured by flow injection analysis on an Agilent Technologies LC/MSD VL. In determining
enantiopurity (% ee) of B-lactam, a Chiracel OD-H chiral column was used in normal phase, with
an isocratic mixture of 85:15 Hexanes: IPA at a flow rate of 0.6 mL/min. In determining the
purity of taxanes, a Phenomenex Jupiter 10 pu Proteo 9A column was used in reverse phase, with
a mixture of 3:2 methanol: water at a flow rate of 0.4 mL/min.
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The chemicals were purchased from Aldrich Co. and Sigma and purified before use by
standard methods. Tetrahydrofuran was freshly distilled from sodium metal and benzophenone.
Dichloromethane and methanol were also distilled immediately prior to use under nitrogen from
calcium hydride. In addition, various dry solvents were degassed and dried using PureSolv™

solvent purification system (Innovative Technologies, Newburyport, MA).

§1.6.2 p-lactam

N-(4-Methoxyphenyl)-3-methyl-2-butenaldimine (I-1)"

A 4 g (32.3 mmol) aliquot of recrystallized p-anisidine and 13 g (64.6 mmol) of anhydrous
Na,SO4 were dissolved in 50 mL dichloromethane under inert conditions. A 3.6 mL (42.0 mmol)
aliquot of 3-methylbut-2-enal was added to the solution dropwise. The mixture was stirred at
room temperature and monitored by TLC (3:1 hexane: ethyl acetate). After completion, the
solvent was evaporated and concentrated in vacuo to yield 1-1 as a clear yellow oil (6.11 g, 32.3
mmol, quantitative yield), and was used immediately in the subsequent step; 'H NMR (300
MHz, CDCls) 6 1.99 (d, /=30 Hz, 6 H), 3.80 (s, 3 H), 6.21 (d, /=15 Hz, 1 H), 6.85 (d, J=3.75
Hz, 2 H) 7.08 (d, J=3.75 Hz, 2 H), 8.39 (d, /= 4.25 Hz, 1 H). All data are in agreement with

. 15
literature values.
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(£)-1-(4-Methoxyphenyl)-3-acetoxyl-4-(2-methylprop-1-enyl)azetidin-2-one (I-2)®

A 6.11 g (32.3 mol) aliquot of crude I-1 was dissolved in 75 mL of dichloromethane. The
mixture was cooled to -78 °C and maintained for at least 30 min under inert conditions. To the
cooled solution, 9 mL of TEA (64.6 mmol) was added, followed by the slow and dropwise
addition of acetoxyacetyl chloride (5.2 mL, 48.5 mmol). The -78 °C temperature of the mixture
was maintained for at least 2 h. The mixture was stirred and allowed to warm slowly to room
temperature overnight. The reaction was monitored by TLC (3:1 hexane: ethyl acetate). After
completion, the reaction was quenched with 50 mL of saturated NH4Cl. The organic layer was
washed three times with brine (75 mL), dried over anhydrous MgSQO,, and concentrated in
vacuo, producing a brown solid. Purification was done via column chromatography on silica gel
(5:1 hexanes:ethyl acetate) to yield racemic I-2 (4.74 g, 51 % yield) as an off-white soild. 'H
NMR (300 MHz, CDCl3) 6 1.79 (s, 3 H), 1.82 (s, 3 H), 2.11 (s, 3 H), 3.78 (s, 3 H), 4.9 (dd, J =
99Hz, 4.8 Hz, 1 H), 5.02 (d,/=9.3 Hz, 1 H), 5.8 (d,J=4.8 Hz, 1 H), 6.84 (d, /= 8.9 Hz, 2 H),

7.30 (d, J=8.9 Hz, 2 H); m.p.= 101 — 103 °C. All data are consistent with literature values.”

Enzymatic Resolution of 1-2**

The racemic I-2 mixture (4.74 g, 16.5 mmol) was dissolved in 600 mL of 0.2 M sodium
phosphate buffer (pH 7.5) with 10 volume % acetonitrile and heated to 50 °C. A 2.59 g aliquot
of PS-Amano Lipase was added to the solution. After addition, the mixture was stirred
vigorously with a mechanical stirrer for 5 days at 50 °C. The reaction was monitored by TLC

(3:1 hexanes: ethyl acetate) and "H-NMR, looked for 50% conversion of the acetate moiety to
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the hydroxyl moiety. After 50% conversion, the remaining Lipase was filtered off via vacuum
filtration and was washed with dichloromethane (50 mL). The organic layer was collected,
washed 3 times with brine (100 mL), dried over anhydrous MgSQ,4, and was concentrated in
vacuo which produced yellow-white solid. Purification was done by column chromatography on
silica gel (5:1 hexanes: ethyl acetate) to yield enantiopure (+) I-2 (1.28 g, 28 % yield) as an off
white solid and the resulting alcohol (-) I-3 as a tan solid (not quantified). The enantiometric
excess was determined to be >99 % via HPLC analysis on normal phase with a Chiracel OD-H
column using Hexanes: Isopropanol (85:15, 0.6 mL/min): m.p.= 85-87 °C. 'H NMR (300 MHz,
CDCl3) 6 1.79 (s, 3 H), 1.82 (s, 3 H), 2.11 (s, 3 H), 3.78 (s, 3 H), 4.9 (dd, J = 9.9Hz, 4.8 Hz, 1
H), 5.02 (d, /=9.3 Hz, 1 H), 6.84 (d, J = 8.9 Hz, 2 H), 7.30 (d, J = 8.9 Hz, 2 H). All data are

consistent with literature values.>*

(3R,4S)-1-(4-Methoxyphenyl)-3-hydroxy-4-(2-methylprop-1-enyl)azetidin-2-one [(+) I-3]46

A 1.24 g (4.32 mmol) aliquot of enantiomerically pure (+) I-2 was dissolved in 20 mL of THF
(~0.1 M) and cooled to 0 °C. A 1 M solution of KOH dissolved in 20 mL of THF was added to
the mixture. The reaction mixture was stirred and monitored by TLC (3:1 hexanes: ethyl
acetate). After completion, the reaction was quenched with 65 mL of saturated NH4Cl and
extracted with dichloromethane (75 mL). The organic layer was separated, washed three times
with brine (200 mL), dried over anhydrous MgSQO,, and concentrated in vacuo to yield (+) I-3
(1.04 g, 100 % yield) as a white solid: m.p.= 161-162 °C (lit.*® 169-171 °C)'H NMR (300 MHz,

CDCl3) & 1.43 (s, 1H), 1.85 (s, 3 H), 2.27 (bs, 1H), 3.78 (s, 2 H), 4.82(t, J = 0.18 Hz, 1 H), 4.97
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(s, 1 H), 5.20 (d, /=6 Hz), 6.83 (d, /= 6 Hz), 7.33 (d, J = 5 Hz). All data are consistent with

literature values.*®

1-p-Methoxyphenyl-3-triisopropylsiloxy-4-(2-methylpropen-2-yl)azetidin-2-one [(+) 1-4]"

A 1.04 g (4.20 mmol) aliquot of (+) I-3 and 154 mg (1.26 mmol) of DMAP were dissolved in 20
mL of dichloromethane (~0.1 M). The solution was cooled to 0 °C under inert conditions. A 1.2
mL (8.40 mmol) aliquot of TEA was added to the solution followed by the dropwise addition of
1.6 mL (6.30 mmol) of TIPSCI. The reaction mixture was stirred at room temperature and
monitored by TLC (3:1 hexane: ethyl acetate). After completion the reaction was quenched with
40 mL of saturated NH4Cl and extracted with dichloromethane (50 mL). The organic layer was
collected, washed three times with brine (100 mL), dried over anhydrous MgSO,4, and
concentrated in vacuo. Purification was done using column chromatography on silica gel (20:1
hexanes:ethyl acetate) to yield (+) I-4 as a yellow solid. Recrystallization was performed using
hexanes to yield (+) I-4 (1.58 g, 90 % yield) as a white solid: m.p.= 92-94 °C; '"H NMR &
(CDCl3, 300 MHz) 0.99 (m, 21 H), 1.79 (d, J=2.3 Hz,3 H), 1.84 (d, /= 2.4 Hz, 3 H), 3.77 (s, 3
H), 4.41 (dd,J=9.9,5.1 Hz, 1 H), 5.04 (d,/=5Hz, 1 H), 5.30 (d,/=9.8 Hz, 1 H), 6.82 (d, J =

8.1 Hz, 2 H), 7.30 (d, J = 8.5 Hz, 2 H). All data are consistent with literature values."

3-Triisopropylsilyloxy-4-(2-methylpropen-2-yl)azetidin-2-one [(+) I-5)*

A 1.30 g (3.21 mmol) aliquot of (+) I-4 was dissolved in 105 mL of acetonitrile and cooled to -

10 °C. To this solution, 6.17 g (11.3 mmol) of CAN dissolved previously dissolved in 105 mL
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of H>O was added dropwise over 1 hr via an addition funnel. The reaction temperature of -10 °C
was maintained throughout the reaction. The reaction was monitored by TLC (3:1 hexanes:
ethyl acetate, stained with PMA) and completed in 3 h. Upon completion, the reaction was
quenched with saturated aqueous NaHSO; (100 mL). The aqueous layer was extracted with
ethyl acetate (500 mL) and was washed three times with brine (200 mL). The organic layer was
dried over anhydrous MgSO,4 and concentrated in vacuo that afforded a brown oil. The resulting
crude oil was purified via column chromatography on silica gel with (85:15 hexanes:ethyl
acetate) that yielded (+) I-5 (0.90 g, 94 % yeild) as a white solid: m.p= 85-87 °C (lit.** 84.5-86
°C) 'H NMR (300 MHz, CDCl3) & 1.06, (m, 18 H), 1.55 (s, 6 H), 1.7 (d, 6 H, J= 22 Hz), 2.24
(s), 4.12 (q),4.45 (dd, 1 H, J=5.4 Hz, 5.4 Hz), 4.98 (m, 1 H), 5.32 (d, 1 H, J= 15 Hz), 5.79 (bs, 1

H). All data are consistent with literature values.”*

1-(tert-Butoxycarbonyl)-3-triisopropylsiloxy-4-(2-methylpropen-2-yl)azetidin-2-one [(+) I-

6]24

A 0.771 g (2.60 mmol) aliquot of (+) I-5, 0.095 g (3.90 mmol) of DMAP, and 0.720 ml (5.2
mmol) of TEA was dissolved in 13 mL of dichloromethane and cooled to 0 °C under inert
conditions. A 0.85 g aliquot of di-fert-butyl dicarbonate was added to the mixture. The reaction
mixture was stirred at room temperature overnight and monitored by TLC. Upon completion the
reaction was quenched with 35 mL of saturated NH4Cl and extracted twice with
dimethylchloride (30 mL). The organic layer was washed three times with brine (50 mL), dried
over anhydrous MgSQO,, and concentrated in vacuo that afforded a light brown oil. The resulting

crude oil was purified via column chromatography on silica gel with (85:15 hexanes:ethyl
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acetate) that yielded (+) I-5 (01.03 g, 97 % yeild) as a clear oil. '"H-NMR (300 Hz) & 1.06, (m, 18
H), 1.48 (s, 9 H),1.67 (s, 6 H), 1.76 (d, 6 H, J= 9 Hz), 2.24 (s), 4.75 (dd, 1 H, J=6 Hz, 6 Hz),
495 (s, 1 H), 498 (s, 1 H), 5.28 (dt, 1 H, J= 0.3 Hz, 0.3 Hz). All data are consistent with

literature values.”*

(1)-(1R,2S)-1-phenylcyclohexane-cis-1,2-diol [1-7]®

A 25 g (76 mmol) aliquot of potassium ferricyanide, 10.5 g (76 mmol) of potassium carbonate,
and 2.40 (25 mmol) of methanesulfonamide were added to a 250 mL round bottomed flask. Then
a mixture of 32 mL of tert-butanol dissolved in 48 mL of distilled water was added to the round
bottom flask. Mixture appeared dark orange and was cooled down to 0 °C in an ice bath.
Subsequently, 55 mg (0.15 mmol) of potassium osmate dehydrate and 0.4 g (0.6 mmol) of
DHQD,PHAL ligand was added to the reaction mixture. After stirring for an additional 20 min,
4.3 g (14.50 mmol) of 1-phenylcyclohexene was added. This solution was warmed to room
temperature and stirred for 48 h. The reaction mixture visibly changed from a dark orange color
to a light yellow color as the potassium ferricyanide got reduced by the catalyst. After 48 h, 25
mL of ethyl acetate was added to the solution to stir for 15 min. The entire solution was then
filtered to remove solid potassium ferrocyanide and then the resulting liquid was diluted with an
additional 20 mL of ethyl acetate. The aqueous layer was discarded and the resulting organic
layer was washed 3 times with 20 mL of 2M potassium hydroxide solution. This organic layer
was then dried over anhydrous MgSO4 and concentrated in vacuo that yielded a slightly yellow
solid. This solid was pure enough by "H NMR for the next step without further purification: m.p.

77-80 °C, "H-NMR (300 Hz, CDCl5) § 1.47 (m, 5 H) 1.69 (m, 2 H), 1.85 (m, 1 H), 2.58 (s, 1 H),
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3.89 (s, 2 H), 4.01 (dd, 2 H, J= 4.2 Hz, 5.1 Hz), 7.38 (m, 3 H), 7.54 (m, 2 H). All data are

consistent with literature values.>®

(-)-trans-2-phenyl-cyclohexanol (WCA) [I-8]*

To a 500 mL round bottomed flask containing 4.8 g (25 mmol) of crude I-7 and dissolved in 50
mL of ethanol. The reaction flask was purged with N,. Then 85 mL of Raney®-Nickel 2800
catalyst in water was added to this solution. The reaction mixture was then refluxed at 100 °C for
3 h. The reaction was monitored by TLC (3:1 hexane: ethyl acetate, stain with PMA) with the
diol appearing at an Rf of 0.2 and the dehydroxylated product appearing at an Rf of 0.4. After
completion, the reaction mixture was cooled to room temperature and then filtered through a 3
mm bed of Celite, while taking care not to dry the solution (dry Raney nickel is pyrogenic and
will ignite). The resulting black Ni solid was washed copiously with ethanol (60 mL) and then
diluted with water and disposed in a proper container containing water. The resulting filtrate was
concentrated in vacuo and then dissolved in 20 mL of ethyl acetate. The organic layer was
washed three times with 50 mL of brine. The resulting organic layer was dried over anhydrous
MgSO4 and concentrated in vacuo to yield a white solid. This solid was purified by flash
chromatography (9:1 hexanes: ethyl acetate). After column purification the desired product, I-8,
was recrystallized with pentane that afforded white crystals (4.41 g, 50 % yield). The
enantiometric excess was determined to be >99 % via HPLC analysis on normal phase with a
Chiracel OD-H column using Hexanes: Isopropanol (85:15, 0.6 mL/min): m.p.= 64-66 °C (lit.””

62-65 °C, 'H-NMR (300 Hz, CDCl3) § 1.50 (m, 5 H) 1.78 (m, 1 H), 1.88 (m, 1 H), 2.13 (m, 1
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H),2.43 (t, 1 H, J=9 Hz), 3.67 (bm, 2 H), 7.23 (m, 3 H), 7.34 (m, 2 H). All data are consistent

with literature values.>

TIPS-oxymethylglycolate[I-9]*

A 2.3 g (26 mmol) aliquot of methyl-glycolate and 4.5 g (67 mmol) of imidazole was added to a
100 mL round bottomed flask. Then 11 mL of dry dimethylformamide was added with stirring.
The solution was cooled down to 0 °C with an ice bath and 5.2 mL (24 mmol) of triisopropylsilyl
chloride was added dropwise. This solution was stirred for 18 h and then quenched with
saturated ammonium chloride (50 mL). The resulting solution was dissolved in 50 mL of ethyl
acetate and washed two times with 50 mL of saturated ammonium chloride and three times with
50 mL of brine. The resulting organic layer was dried over anhydrous MgSO4 and concentrated
in vacuo to yield slightly yellow oil, I-9 (6.3 g, quantitative yield). This oil was pure enough by
'"H-NMR for the next synthetic step without further purification. 'H-NMR (300 Hz, CDCls) &

1.06 (m, 18 H), 3.74 (s, 3 H), 4.32 (s, 2 H). All data are consistent with literature values.*’

TIPS-oxyacetic acid [I-l()]47

A 6.3 g (26 mmol) aliquot of I-9 was dissolved in 35 mL of 1 M LiOH and 35 mL of THF. The
solution was stirred at room temperature overnight. Upon completion, THF was removed by a
rotary evaporator. The resulting aqueous solution was then extracted with 10 mL of
dichloromethane. The organic layer was discarded and the pH was adjusted to pH 2.0 with IM

HCI. The aqueous solution was then extracted with 50 mL of dichloromethane twice and washed
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with brine (3x 60 mL). The resulting organic layer was dried anhydrous MgSO,4 and
concentrated in vacuo that gave I-10 (5.40 g, 90 % yield) as a clear oil. 'H-NMR (300 Hz,

CDCls) & 1.09 (m, 18 H), 4.287 (s, 2 H). All data are consistent with literature values.*’

TIPS-oxyacetyl chloride [I-11]*

A 5.4 g (23 mmol) aliquot of I-10 was dissolved in 230 mL of dry dichloromethane in inert
conditions. To this solution, 2.5 mL (30 mmol) oxalyl chloride was added and the resulting
solution was allowed to stir for 5 min. Then 6 drops of DMF was added and the resulting
solution was stirred to completion at room temperature for 18 h. The reaction was monitored by
TLC (3:1 hexane: ethyl acetate). After completion, the reaction was concentrated in vacuo to
produce a pure yellow liquid, I-11 (5.75 g, quantitative yield), that was used subsequently
without further purification. 'H-NMR (300 Hz, CDCl3) & 1.11 (m, 18 H), 4.62 (s, 2 H). All data

. . . 47
are consistent with literature values.

(1R, 2S)-(-)-2-Phenylcyclohexyl TIPS-oxyacetate [I-12]"

A 2.18 g (12.4 mmol) aliquot of I-8 and 1.66 g (13.6 mmol) of DMAP were dissolved in 20 mL
of dichloromethane under inert conditions. To this solution, 1.50 mL (18.5 mmol) of dry pyridine
was added and allowed to stir at room temperature. To this solution, 4.64 g (18.5 mmol) of I-11
was added and the resulting mixture was stirred overnight until completion. The reaction was
monitored by TLC (3:1 hexanes: ethyl acetate, stained with PMA). After completion the reaction
was quenched with 40 mL of saturated sodium bicarbonate. Then 50 mL of dichloromethane was

added and the resulting organic layer was washed with 100 mL of saturated sodium bicarbonate
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twice, then 100 mL saturated cupric sulfate, then 100 mL of brine. The resulting organic layer
was dried over anhydrous MgSO, and concentrated in vacuo, which gave a yellow oil. The
crude oil was purified via column chromatography (9:1 hexane: ethyl acetate) that gave I-12 as
clear oil (4.46 g, 92 % yield). 'H-NMR (300 Hz, CDCl3) § 0.97 (m, 18 H), 1.40 (m, 5 H), 1.83
(m, 3 H), 2.64 (t, 1H, J=12 Hz), 3.87-4.18 (q, 2 H), 5.08 (m, 1 H), 7.16 (m, 3 H), 7.22 (m, 2H).

All data are consistent with literature values.'*

(3R. 45)-1-PMP-TIPSOxy-4S-(2-methylpropen-1-yl)azetidin-2-one [(+) I-4]14

Dry THF (50 mL) and 2.27 mL (16.1 mmol) of diisopropylamine were added to a 250 mL round
bottomed flask. This solution was cooled down to -15 °C with a cryocool and 10.1 mL (16.1
mmol) of (1.6 M n-BuLi in hexanes) was added dropwise to the solution. This solution was
stirred for 1 h. Then the solution was cooled to -85 °C for 2 h. Then 4.84 g (12.4 mmol) of I-12
in 30 mL of THF was added over 2 h with a syringe pump. The resulting solution was stirred for
10 h at -85 °C. Then 3.9 g (20.6 mmol) of I-1in 30 mL THF was added over 3 h with a syringe
pump. The reaction mixture was allowed to stir for 7 h and then 10 mL of 1M LiHMDS in tert-
butyl methyl ether was added and the reaction mixture was allowed to warm to room temperature
overnight. The reaction was quenched with 100 mL of saturated ammonium chloride solution.
The reaction mixture was then diluted with 100 mL of ethyl acetate and then washed with 100
mL of saturated ammonium chloride and three times with 100 mL of brine. The organic layer
was separated and dried over anhydrous MgSO, and concentrated in vacuo to give a crude brown
oil that was purified by column chromatography (20:1 hexanes: ethyl acetate) to yield a yellow
oil. This was then subsequently recrystalized twice from pentane to yield a white crystalline

solid, (+) I-4 (1.76 g, 35 % yield): m.p.= 94-95 °C; '"H NMR & (CDCl;, 300 MHz) 0.99 (m, 21
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H), 1.79 (d, J = 2.3 Hz, 3 H), 1.84 (d, J = 2.4 Hz, 3 H), 3.77 (s, 3 H), 4.41 (dd, J=9.9, 5.1 Hz, 1
H), 5.04 (d, J= 5 Hz, 1 H), 5.30 (d, /= 9.8 Hz, 1 H), 6.82 (d, J = 8.1 Hz, 2 H), 7.30 (d, J = 8.5

Hz, 2 H). All data are consistent with literature values."

§ 1.6.3 New Generation Taxanes

7-(Triethylsilyl)-10-deacetylbaccatin I1T [m-11*

A 210 mg (0.39 mmol) aliquot of 10-deacetylbaccatin III (10-DAB) and a 105 mg (1.56 mmol)
aliquot of imidazole was dissolved in 1 mL of N,N-dimethylformamide and was cooled to 0 °C
in ice bath under inert conditions. At 0 °C, 0.2 mL (1.17 mmol) of chlorotriethylsilane was added
dropwise. The mixture was stirred and allowed warm to room temperature. After completion,
the reaction was quenched with saturated 10 mL of NH4Cl and extracted with 20 mL of ethyl
acetate. The organic layer was washed three times with brine (15 mL) and dried over anhydrous
MgSO,, Then, the solution was concentrated in vacuo to yield a white solid. Purification was
done using column chromatography on silica gel (1:1 hexanes:ethyl acetate) that afforded 7-
triethylsilyl-10-deacetylbaccatin III, II-5(234 mg, 91 % yield) as a white solid: m.p.= 242-244 °C
(lit.** 256-257 °C); "H NMR (300 MHz, CDCls) § 0.57 (m, 6 H), 0.93 (m, 9H), 1.04 (s, 3 H),
1.16 (s, 3 H), 1.67 (s, 3 H), 2.02 (s, 3 H), 2.33 (s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H), 2.93 (s, 3 H),
3.07 (s,3H),3.89(d,/J=7.6 Hz, 1 H), 4.14 (d, /=8.2 Hz, 1 H), 4.29 (d, J= 8.0 Hz, 1 H), 4.48
(dd, J=10.2, 6.7 Hz, 1 H), 4.82 (t,J= 7.6 Hz, 1 H), 4.95 (d, /= 8.8 Hz, 1 H), 5.63 (d, J = 6.8
Hz, 1 H), 7.46 (t, J = 8.0 Hz, 2 H), 7.59 (t, /= 7.2 Hz, 1 H), 8.10 (d, /= 7.2 Hz, 1 H). All data

. . . 4
are consistent with literature values.*®
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10-Cyclopropanecarbonyl-7-(Triethylsilyl)-10-deacetylbaccatin ITI [1I-2]**

A solution of 308 mg (0.468 mmol) of II-1 dissolved in 2.13 mL THF was cooled to -40 °C
under inert conditions. After 10 min at -40 °C, 0.470 mL (0.468 mmol) LiIHMDS was added
dropwise and stirred for an additional 10 min. Subsequently, 0.0465 mL (0.510 mmol)
cyclopropanecarboxylic acid chloride was added dropwise to the mixture and stirred, producing
a yellow solution. The reaction was monitored via TLC (1:1 hexane:ethyl acetate). After 20
min, the reaction was quenched with 5 mL saturated NH4CI and extracted with 20 mL of ethyl
acetate. The organic layer was washed three times with brine (35 mL), dried over anhydrous
MgSOs, and concentrated in vacuo. Purification was done using column chromatography on
silica gel (2:1 hexanes:ethyl acetate) to yield C-10-modified 7-TES-baccatin III, II-2 (243 mg,
68%), as a white solid: m.p.= 210-212 °C; "H NMR (300 MHz, CDCl3) & 0.57 (m, 6 H), 0.90 (m,
9 H), 1.04 (s, 3 H), 1.16 (s, 3 H), 1.67 (s, 3 H), 1.83 (m, 1 H), 2.02 (s, 3 H), 2.18 (m, 3 H), 2.33
(s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H), 2.93 (s, 3 H), 3.07 (s, 3 H), 3.89 (d, /= 7.6 Hz, 1 H), 4.14
(d, /=82 Hz, 1 H),4.29 (d, /= 8.0 Hz, 1 H), 4.48 (dd, /= 10.2, 6.7 Hz, 1 H), 4.82 (t, J= 7.6
Hz, 1 H), 4.95 (d, /= 8.8 Hz, 1 H), 5.63 (d, /= 6.8 Hz, 1 H), 6.37 (s, 1 H), 7.46 (t, /= 8.0 Hz, 2
H), 7.59 (t, J= 7.2 Hz, 1 H), 8.10 (d, /= 7.2 Hz, 1 H). All data are consistent with literature

reported values.**
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2’-Triisopropylsilyl-3'-dephenyl-10-(cyclopropylcarbonyl)-3'-(2-methyl-propen-1-

yDdocetaxel [II-3]**

A mixture of 243 mg (0.34 mmol) II-2 and 147 mg (0.37 mmol) of I-6 was dissolved in 13 mL
THF was cooled to -40 °C under inert conditions. After 10 min, 0.37 mL (0.369 mmol)
LiHMDS in 1.0 M THF was added dropwise to the mixture and stirred producing a yellow
solution. The reaction was monitored by TLC (3:1 hexanes:ethyl acetate). After 2 h, the
reaction was quenched with 10 mL saturated NH4Cl. The mixture was extracted using ethyl
acetate (35 mL) and the organic layer was washed with saturated NH4Cl and brine (3 x 50 mL),
dried over MgSO4, and concentrated in vacuo. Purification was done using column
chromatography on silica gel (5: 1 hexanes:ethyl acetate) to yield II-3 (331 mg, 89%) as a white
solid: m.p.= 189-193 °C; '"H NMR (300 MHz, CDCl3) § 0.57 (m, 6 H), 0.91 (m, 9 H), 1.10 (s, 3
H), 1.19 (s, 3 H), 1.68 (s, 3 H), 1.83 (m, 1 H), 2.00 (s, 3 H), 2.18 (m, 3 H), 2.35 (s, 3 H), 2.40 (s,
3 H), 2.51 (m, 1 H), 2.93 (s, 3 H), 3.07 (s, 3 H), 3.83 (d, /= 7.6 Hz, 1 H), 4.18 (d, /= 8.2 Hz, 1
H), 4.28 (d, /J=8.0 Hz, 1 H), 4.45 (dd,J=10.2, 6.7 Hz, 1 H), 4.81 (t,J=7.6 Hz, 1 H), 4.95 (d, J
=8.8 Hz, 1 H), 5.67 (d,/J=6.8 Hz, 1 H), 6.47 (s, 1 H), 7.45 (t, J=8.0 Hz, 2 H), 7.59 (t, J= 7.2

Hz, 1 H), 8.10 (d, /= 7.2 Hz, 1 H). All data are consistent with literature reported values.*

3'-Dephenyl-10-(cyclopropanecarbonyl)-3'-(2-methyl-2-propenyl)docetaxel (SB-T-1214)

[11-4]*

A solution of 331 mg (0.30 mmol) II-3 dissolved in 6.6 mL acetonitrile and 6.6 mL pyridine was

cooled to 0 °C under inert conditions. Then 2 mL HF/pyridine was added dropwise producing a
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colorless solution and stirred at room temperature overnight. The reaction was monitored via
TLC (1:1 hexanes:ethyl acetate). After 24 hours, the reaction was quenched with 10 mL of 10 %
citric acid and extracted with 10 mL ethyl acetate three times. The mixture was extracted and the
organic layer was washed three times with 30 mL saturated CuSO,4 and three times with brine
(50 mL), dried over MgSQ,, and concentrated in vacuo. Purification was done using column
chromatography on silica gel (1:1 hexanes:ethyl acetate) to yield SB-T-1214 (1I-4) (248 mg,
99%), as a white solid: Purity was determined to be 92% % via HPLC analysis on reverse phase
with a Jupiter proteo column using methanol: water (2:3, 0.4 mL/min); m.p.= 158-160 °C (lit.**
157-160 °C); "H NMR (300 MHz, CDCl3) § 0.99 (m, 2 H), 1.02 (m, 2H), 1.16 (s, 3 H), 1.26 (s, 3
H), 1.33 (s, 9 H), 1.67 (s, 4 H), 1.76 (m, 6 H), 1.89 (m, 1 H), 2.04 (s, 3 H), 2.35 (m, 4 H), 2.54
(m, 2 H), 3.36 (s, 1H), 3.82 (s, 1 H), 4.14 (d,J=7.0 Hz, 1 H), 4.20 (m, 1 H), 4.30 (d, /= 9.0 Hz,
1 H), 4.44 (m, 1 H), 4.75 (s,2 H), 4.96 (d,J=7.5Hz, 1 H), 534 (s, 1 H), 5.67 (d, /= 6.5 Hz, 1
H), 6.18 (t, /= 8.0 Hz, 1 H), 6.30 (s, 1 H), 7.47 (t, /= 6 Hz, 2 H), 7.58 (t, J = 8.0 Hz, 1 H), 8.09

(d, J=7.5Hz, 2 H). All data are consistent with literature reported values.”*

7,10,13-Tris(triethylsilyl)-10-deacetylbaccatin I11 [1-51*

A 0.745 g (1.40 mmol) aliquot of 10-deacetylbaccatin III (10-DAB) and a 0.465 g (6.80 mmol)
aliquot of imidazole was dissolved in 1.7 mL of N,N-dimethylformamide and was cooled to 0 °C
in ice bath under inert conditions. At 0 °C, 1.14 mL (6.80 mmol) of chlorotriethylsilane was
added dropwise. The mixture was stirred and allowed to warm to room temperature over 36 h.
Reaction was monitored by TLC (3:1 hexane: ethyl acetate). After completion, the mixture was
quenched with 30 mL of saturated NH4Cl and extracted with 50 mL of ethyl acetate. The

organic layer was washed three times with brine (50 mL) and dried over anhydrous MgSOy,
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Then, the solution was concentrated in vacuo to yield a white solid. Purification was done using
column chromatography on silica gel (10:1 hexanes:ethyl acetate) that afforded II-5 (1.03 g, 84
% yield) as a white solid: m.p.= 205-208 °C; "H NMR (300 MHz, CDCl5) § 0.57 (m, 18 H), 0.93
(m, 27 H), 1.04 (s, 3 H), 1.16 (s, 3 H), 1.67 (s, 3 H), 2.02 (s, 3 H), 2.33 (s, 3 H), 2.27 (s, 3 H),
2.51 (m, 1 H), 2.93 (s, 3 H), 3.07 (s, 3 H), 3.89 (d, /= 7.6 Hz, 1 H), 4.14 (d, J = 8.2 Hz, 1 H),
429 (d,J=8.0Hz | H), 448 (dd, /=10.2,6.7 Hz, 1 H), 4.82 (t,J=7.6 Hz, 1 H),4.95 (d, J=
8.8 Hz, 1 H), 5.63 (d, J= 6.8 Hz, 1 H), 7.46 (t, J= 8.0 Hz, 2 H), 7.59 (t, /= 7.2 Hz, 1 H), 8.10

(d, J=7.2 Hz, 1 H). All data are consistent with literature reported values.*

7,10,13-Tris(triethylsilyl)-2-debenzoyl-10-deacetylbaccatin III [II-6]**

A 1.0 g (1.1 mmol) aliquot of TI-5 was dissolved in 15 mL of dry THF and was cooled to -50 °C
using a Cryocool and kept under inert conditions. A 0.54 mL (3.3 mmol) aliquot of Sodium
bis(2-methoxyethyoxy) aluminum hydride, 65 wt% in toluene was added to the solution
dropwise. The reaction was monitored by TLC (3:1 hexane: ethyl acetate). Upon completion,
the reaction was quenched with 15 mL of saturated NH4ClI and extracted with 20 mL of ethyl
acetate. The organic layer was washed with brine (3 x 30 mL), dried over anhydrous MgSOy,
and was concentrated in vacuo, which yielded a crude oil. Purification was done using column
chromatography on silica gel (3: 2 hexanes: ethyl acetate) that afforded II-6 (0.86 g, 98 % yield)
as a white solid: m.p.= 68-71 °C; 'H NMR (300 MHz, CDCl5) 8 0.57 (m, 18 H), 0.93 (m, 27 H),
1.04 (s, 3 H), 1.16 (s, 3 H), 1.67 (s, 3 H), 2.02 (s, 3 H), 2.33 (s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H),
293 (s,3H),3.4(d,J=7.2,3H),3.87(d,J=7.6Hz,1 H),4.14 (d,/J=8.2 Hz, 1 H), 4.35 (m, 1
H), 4.61 (q, 9 Hz, 1 H), 4.96 (bt,J=11.1 Hz, 1 H), 5.11 (s, 1 H). All data are consistent with

literature reported values.**
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7,10,13-Tris(triethylsilyl)-2-debenzoyl-2-(3-methylbenzoyl)-10-deacetylbaccatin  III  [II-

A 280 mg (0.360 mmol) aliquot of I1-6, a 354 mg (2.90 mmol) aliquot of DMAP, and 390 mg
(2.90 mmol) of 3-methylbenzoic acid was dissolved in 3.5 mL of dichloromethane under inert
conditions. A 0.45 mL (2.9 mmol) aliquot of DIC was added to the mixture dropwise and was
allowed to stir at room temperature for 5 days. The reaction was monitored by TLC (3:1 hexane:
ethyl acetate). Upon completion, the reaction was quenched with saturated 15 mL of saturated
NH4Cl and extracted with 35 mL of ethyl acetate. The organic layer was washed with brine
(3x30 mL), dried over anhydrous MgSO,, and was concentrated in vacuo that yielded a yellow
solid. Purification was done using column chromatography on silica gel (9:1 hexanes:ethyl
acetate) that afforded II-7A (312 mg, 87 % yield) as a white solid: m.p.= 178-182 °C; '"H NMR
(300 MHz, CDCl3) 6 0.57 (m, 18 H), 0.93 (m, 27 H), 1.04 (s, 3 H), 1.16 (s, 3 H), 1.67 (s, 3 H),
2.02 (s, 3 H), 2.33 (s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H), 2.93 (s, 3 H), 3.4 (d, J/=7.2, 3 H), 3.87
(d,/J=7.6 Hz, 1 H),4.14 (d,J=8.2 Hz, 1 H), 4.35 (m, 1 H), 4.61 (q, 9 Hz, 1 H), 4.96 (bt, J =
11.1 Hz, 1 H), 5.21 (s, 1 H), 5.89 (d, J/=7.2 Hz, 1 H) 7.36 (m, 2 H), 7.92 (t, /=9 Hz, 2 H). All

data are consistent with literature reported values.*®

7,10,13-Tris(triethylsilyl)-2-debenzoyl-2-(3-methoxybenzoyl)-10-deacetylbaccatin III (II-

A 542 mg (0.700 mmol) aliquot of I1-6, a 683 mg (5.60 mmol) aliquot of DMAP, and 856 mg
(5.60 mmol ) of 3-methoxybenzoic acid was dissolved in 7 mL of dichloromethane under inert
conditions. A 0.87 mL (5.6 mmol) aliquot of DIC was added to the mixture dropwise and was

allowed to stir at room temperature for 5 days. The reaction was monitored by TLC (3:1 hexane:
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ethyl acetate). Upon completion, the reaction was quenched with saturated 15 mL NH4Cl and
extracted with 35 mL of ethyl acetate. The organic layer was washed with brine (3x30 mL),
dried over anhydrous MgSO,4 and was concentrated in vacuo to yield a yellow solid. Purification
was done using column chromatography on silica gel (9:1 hexanes: ethyl acetate) that afforded
I1-7B (560 mg, 88 % yield) as a white solid: m.p. = 208-210 °C. '"H NMR (300 MHz, CDCls) &
0.57 (m, 18 H), 0.93 (m, 27 H), 1.04 (s, 3 H), 1.16 (s, 3 H), 1.67 (s, 3 H), 2.02 (s, 3 H), 2.33 (s, 3
H),2.27 (s,3 H), 2.51 (m, 1 H), 2.93 (s, 3 H), 3.4 (d,/=7.2,3 H),3.87 (d,J=7.6 Hz, ]l H), 4.14
(d,/J=8.2Hz, 1H),4.35(m, 1 H),4.61 (q, 9 Hz, 1 H), 4.96 (bt,/J=11.1 Hz, 1 H), 5.21 (s, | H),
5.89(d,J=7.2Hz, 1 H),7.36 (t,J=8.1, 1H) 7.62 (m, 2 H), 7.78 (d, J=7.2Hz, 1 H). All data are

consistent with literature reported values.*!
2-Debenzoyl-2-(3-methylbenzoyl)-10-deacetylbaccatin I11 [II-8A]*

An 0.50 g (0.56 mmol) aliquot of II-7A was dissolved in a 1:1 mixture of acetonitrile:pyridine
(10 mL each) and was cooled to 0 °C under inert conditions. A 6 mL aliquot of HF/pyridine was
added dropwise and allowed to stir at room temperature. The reaction was monitored by TLC
(3:1 hexane: ethyl acetate). After completion, the reaction was quenched with 50 mL of 10 %
citric acid and was extracted with 50 mL ethyl acetate two times. The organic layer was washed
three times with saturated CuSO,4 (100 mL) and three times with brine (100 mL), dried over
anhydrous MgSQy,, and concentrated in vacuo. Purification was done using column
chromatography on silica gel (2:1 hexanes:ethyl acetate) to yield II-8A (283 mg, 91 % yield) as
a white solid: m.p.=198-200 °C; "H NMR (300 MHz, CDCl3) & 1.04 (s, 3 H), 1.16 (s, 3 H), 1.67
(s, 3 H), 1.83 (m, 1 H), 2.02 (s, 3 H), 2.18 (m, 3 H), 2.33 (s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H),
2.93 (s,3 H),3.07 (s, 3 H),3.89(d,J=7.6 Hz, 1 H),4.14 (d,J=8.2 Hz, 1 H), 4.29 (d,J=8.0
Hz, 1 H), 4.48 (dd, J=10.2, 6.7 Hz, 1 H), 4.82 (t,J=7.6 Hz, 1 H), 4.95 (d, /= 8.8 Hz, 1 H),
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5.28 (s, 1H), 5.63 (d, J= 6.8 Hz, 1 H), 7.36 (m, 2 H), 7.92 (t, J = 9 Hz, 2 H). All data are

consistent with literature reported values.*®

2-Debenzoyl-2-(3-methoxylbenzoyl)-10-deacetylbaccatin III [II-8B]*!

An 465 mg (0.510 mmol) aliquot of II-7B was dissolved in a 1:1 mixture of acetonitrile:pyridine
(8 mL each) and was cooled to 0 °C under inert conditions. A 5 mL aliquot of HF/pyridine was
added dropwise and allowed to stir at room temperature. The reaction was monitored by TLC
(3:1 hexane: ethyl acetate). After completion, the reaction was quenched with 18 mL of 10 %
citric acid and was extracted with 25 mL ethyl acetate three times. The organic layer was
washed three times with saturated CuSO4 (30 mL) and three times with brine (30 mL), dried over
MgSOy, and concentrated in vacuo. Purification was done using column chromatography on
silica gel (2:1 hexanes:ethyl acetate) to yield II-8B (280 mg, 95 % yield) as a white solid: m.p.=
202-205 °C; "TH NMR (300 MHz, CDCls) § 1.04 (s, 3 H), 1.16 (s, 3 H), 1.67 (s, 3 H), 1.83 (m, 1
H), 2.02 (s, 3 H), 2.18 (m, 3 H), 2.33 (s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H), 2.93 (s, 3 H), 3.07 (s,
3H),3.89(d,/=7.6Hz, 1 H),4.14 (d,J=8.2 Hz, 1 H), 4.29 (d,/=8.0 Hz, 1 H), 4.48 (dd, J =
10.2,6.7Hz, 1 H), 4.82 (t,J=7.6 Hz, 1 H), 4.95 (d, /= 8.8 Hz, 1 H), 5.28 (s, 1H), 5.63 (d, /=
6.8 Hz, 1 H), 7.36 (t, J=8.1, 1H) 7.62 (m, 2 H), 7.78 (d, J =7.2Hz, 1 H). All data are consistent

with literature reported values.*!
2-Debenzoyl-2-(3-methylbenzoyl)-7-triethylsilyl-10-deacetylbaccatin I11 (I1-9A)*

An 100 mg (0.180 mmol) aliquot of II-8A and a 49 mg (0.72 mmol) of aliquot of imidazole was
dissolved in 3.5 mL N,N-dimethylformamide and was cooled to 0 °C under inert conditions. At
0 °C, 0.09 mL (0.54 mmol) of chlorotriethylsilane was added dropwise. The mixture was stirred

and allowed to warm to room temperature. The reaction was monitored by TLC (1:1 hexane:
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ethyl acetate). After completion, the mixture was quenched with 12 mL of saturated NH4Cl and
extracted with 35 mL of ethyl acetate. The organic layer was washed with 30 mL of brine three
times, dried over anhydrous MgSO,, and was concentrated in vacuo to afford a clear oil.
Purification was done using column chromatography on silica gel (1:1 hexanes:ethyl acetate) to
yield IT-9A (100 mg, 83 % yield) as a white solid: m.p.= 196-198 °C; '"H NMR (300 MHz,
CDCl3) 6 0.57 (m, 6 H), 0.90 (m, 9 H), 1.04 (s, 3 H), 1.16 (s, 3 H), 1.67 (s, 3 H), 1.83 (m, 1 H),
2.02 (s,3 H), 2.18 (m, 3 H), 2.33 (s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H), 2.93 (s, 3 H), 3.07 (s, 3
H),3.89(d,/J=7.6 Hz, 1 H),4.14 (d,J=8.2Hz, 1 H), 429 (d,/=8.0 Hz, 1 H), 4.48 (dd, J =
10.2,6.7Hz, 1 H), 4.82 (t,J=7.6 Hz, 1 H), 4.95 (d, J=8.8 Hz, 1 H), 5.63 (d, /= 6.8 Hz, 1 H),

7.36 (m, 2 H), 7.92 (t, /=9 Hz, 2 H). All data are consistent with literature reported values.*®

2-Debenzoyl-2-(3-methylbenzoyl)-7-triethylsilyl-10-(N,N-dimethylcarbamoyl)-10-

deacetylbaccatin III (II-10A)>

A 95 mg (0.14 mmol) aliquot of II-9A was dissolved in 2.8 mL of THF and was cooled to -40
°C under inert conditions. After 10 min at -40 °C, 0.16 mL (0.16 mmol) of LIHMDS was added
dropwise and allowed to stir for an additional 10 min. Subsequently, a 0.017 mL (0.18 mmol)
aliquot of N,N-dimethylcarbamoyl chloride was added dropwise to the mixture and allowed to
stir for 3 h. The reaction was monitored by TLC (9:1 dichloromethane:methanol, 6 inch TLC)
and '"H-NMR. After completion, the reaction was quenched with 12 mL saturated NH4CI and
extracted with 25 mL of ethyl acetate. The organic layer was washed with brine (3x30 mL),
dried over anhydrous MgSOQ,, and concentrated in vacuo. Purification was done using column
chromatography on silica gel (1:1 hexanes:ethyl acetate) to yield II-10A (104 mg, 92 % yield) as
a white solid: m.p.= 208-212 °C 'H NMR (300 MHz, CDCl3) & 0.57 (m, 6 H), 0.90 (m, 9 H),
1.04 (s, 3 H), 1.16 (s, 3 H), 1.67 (s, 3 H), 1.83 (m, 1 H), 2.02 (s, 3 H), 2.18 (m, 3 H), 2.33 (s, 3
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H), 2.27 (s, 3 H), 2.51 (m, 1 H), 2.93 (s, 3 H), 3.07 (s, 3 H), 3.89 (d, J= 7.6 Hz, 1 H), 4.14 (d, J =
8.2 Hz, 1 H), 4.29 (d, J = 8.0 Hz, 1 H), 4.48 (dd, /= 10.2, 6.7 Hz, 1 H), 4.82 (t, J= 7.6 Hz, 1 H),
4.95(d,J=8.8 Hz, 1 H), 5.63 (d, J = 6.8 Hz, 1 H), 6.37 (s, 1 H), 7.36 (m, 2 H), 7.92 (t, J = 9 Hz,

2 H). All data are consistent with literature reported values.”

2-Debenzoyl-2-(3-methylbenzoyl)-10-(propanoyl)-10-deacetylbaccatin 111 (II-9AA)50

A 116 mg (0.213 mmol) aliquot of II-8A and a 12 mg (0.021) aliquot of cerium chloride were
dissolved in 9 mL of THF and cooled to O °C under inert conditions. After 10 min at 0 °C, 0.273
mL (2.13 mmol) of propionic anhydride was added dropwise and allowed to warm to room
temperature. The mixture was allowed to stir for 4 h. The reaction was monitored by TLC (1:1
hexane: ethyl acetate). After completion, the reaction was quenched with 20 mL saturated
NaHCO; and extracted with 25 mL of ethyl acetate. The organic layer was washed with brine
(3x30 mL), dried over anhydrous MgSQ,, and concentrated in vacuo to yield II-9AA (122 mg,
93 % yield) as a white solid. This compound was used crude in the subsequent reaction. 'H NMR
(300 MHz, CDCl3) 1.04 (s, 3 H), 1.16 (s, 3 H), 1.67 (s, 3 H), 1.83 (m, 1 H), 2.02 (s, 3 H), 2.18
(m, 3 H), 2.33 (s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H), 3.89 (d, /= 7.6 Hz, 1 H), 4.14 (d, /= 8.2 Hz,
1 H),4.29 (d,/=8.0 Hz, 1 H), 4.48 (dd, J=10.2, 6.7 Hz, 1 H), 4.82 (t,J= 7.6 Hz, 1 H), 4.95 (d,
J=88Hz, 1H),563(d,J=6.8Hz 1H),637 (s, 1H),7.36 (m, 2 H), 7.92 (t, /=9 Hz, 2 H).

All data are consistent with literature reported values.”
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2-debenzoyl-2-(3-methylbenzoyl)-7-Triethylsilyl-10-(propanoyl)-10-deacetylbaccatin I1I (II-
10AA)*

An 122 mg (0.200 mmol) aliquot of crude II-9AA and a 54.0 mg (0.800 mmol) of aliquot of
imidazole was dissolved in 3 mL N,N-dimethylformamide and was cooled to 0 °C under inert
conditions. At 0 °C, 0.10 mL (0.60 mmol) of chlorotriethylsilane was added dropwise. The
mixture was stirred and allowed to warm to room temperature. The reaction was monitored by
TLC (1:1 hexane: ethyl acetate). After completion, the mixture was quenched with 12 mL of
saturated NH4Cl and extracted with 35 mL of ethyl acetate. The organic layer was washed with
30 mL of brine three times, dried over anhydrous MgSO,, and was concentrated in vacuo to
afford a yellow oil. Purification was done using column chromatography on silica gel (3:1
hexanes:ethyl acetate) to yield II-10AA (105 mg, 78 % yield) as a white solid: m.p.= 208-210
°C; 'TH NMR (300 MHz, CDCl3) § 0.57 (m, 6 H), 0.90 (m, 9 H), 1.04 (s, 3 H), 1.16 (s, 3 H), 1.67
(s, 3 H), 1.83 (m, 1 H), 2.02 (s, 3 H), 2.18 (m, 3 H), 2.33 (s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H),
3.89(d,J=7.6 Hz, 1 H),4.14 (d, J=8.2 Hz, 1 H), 4.29 (d, /= 8.0 Hz, 1 H), 4.48 (dd, /= 10.2,
6.7 Hz, 1 H), 4.82 (t, J=7.6 Hz, 1 H), 495 (d, /= 8.8 Hz, 1 H), 5.63 (d, /= 6.8 Hz, 1 H), 6.37
(s, 1 H), 7.36 (m, 2 H), 7.92 (t, J = 9 Hz, 2 H). All data are consistent with literature reported

50
values.

2’-Triisopropylsilyl-3'-dephenyl-3'-(2-methylpropen-1-yl)-2-debenzoyl-2-(3-

methylbenzoyl)-7-triethylsilyl-10-( N,N-dimethylcarbamoyl)docetaxel (II-11A)*

A mixture of 160 mg (0.215 mmol) of II-10A and 111 mg (0.280 mmol) of (+) I-6 was dissolved

in 8 mL of dry THF and was cooled to -40 °C under inert conditions. After 10 minutes, 0.26 mL
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(0.258 mmol) LiHMDS in 1.0 M THF was added dropwise to the mixture with stirring. The
reaction was monitored by TLC (3:1 hexanes: ethyl acetate). After 2 hours, the reaction was
quenched with 10 mL of saturated NH4Cl. The mixture was extracted using ethyl acetate (60
mL) and the organic layer was washed with saturated NH4Cl1 (30 mL) and brine (3 X 30 mL),
dried over anhydrous MgSQOj, and concentrated in vacuo. Purification was done using column
chromatography on silica gel (3:1 hexanes: ethyl acetate) to yield II-11A (168 mg, 70 %) as a
white solid: m.p.= 182-186 °C; '"H NMR (300 MHz, CDCl3) § 0.57 (m, 6 H), 0.91 (m, 9 H), 1.10
(s, 3 H), 1.19 (s, 3 H), 1.68 (s, 3 H), 1.83 (m, 1 H), 2.00 (s, 3 H), 2.18 (m, 3 H), 2.35 (s, 3 H),
2.40 (s,3 H),2.51 (m, 1 H), 2.93 (s, 3 H), 3.07 (s, 3 H), 3.83 (d,/J=7.6 Hz, 1 H), 4.18 (d, J=8.2
Hz, 1 H), 4.28 (d, /= 8.0 Hz, 1 H), 4.45 (dd, J = 10.2, 6.7 Hz, 1 H), 4.81 (t, /= 7.6 Hz, 1 H),
495 (d,J=8.8 Hz, 1 H), 5.67 (d, /= 6.8 Hz, 1 H), 6.47 (s, 1 H), 7.36 (m, 2 H), 7.92 (t, /=9 Hz,

2 H). All data are consistent with literature reported values.”

2’-Triisopropylsilyl-3'-dephenyl-3'-(2-methylpropen-1-yl)-2-debenzoyl-2-(3-

methylbenzoyl)-7-triethylsilyl-10-(propanoyl)docetaxel (II-11AA)™

A mixture of 105 mg (0.144 mmol) of II-10AA and 75 mg (0.19 mmol) of (+) I-6 was dissolved
in 8 mL of dry THF and was cooled to -40 °C under inert conditions. After 10 min, 0.18 mL
(0.18 mmol) LiHMDS in 1.0 M THF was added dropwise to the mixture with stirring. The
reaction was monitored by TLC (3:1 hexanes:ethyl acetate). After 2 h, the reaction was
quenched with 10 mL of saturated NH4Cl. The mixture was extracted using ethyl acetate (35
mL) and the organic layer was washed with saturated NH4Cl (20 mL) and brine (3 X 30 mL),

dried over anhydrous MgSQj,, and concentrated in vacuo. Purification was done using column
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chromatography on silica gel (3:1 hexanes: ethyl acetate) to yield II-11AA (140 mg, 86 %) as a
white solid: m.p.= 182-188 °C; 'H NMR (300 MHz, CDCl3) § 0.57 (m, 6 H), 0.91 (m, 9 H), 1.10
(s, 3 H), 1.19 (s, 3 H), 1.68 (s, 3 H), 1.83 (m, 1 H), 2.00 (s, 3 H), 2.18 (m, 3 H), 2.35 (s, 3 H),
2.40 (s, 3 H), 2.51 (m, 1 H), 2.93 (s, 3 H), 3.07 (s, 3 H), 3.83 (d,/J=7.6 Hz, 1 H), 4.18 (d,J=8.2
Hz, 1 H), 4.28 (d, /= 8.0 Hz, 1 H), 4.45 (dd, J = 10.2, 6.7 Hz, 1 H), 4.81 (t, J = 7.6 Hz, 1 H),
495 (d,J=8.8Hz, 1 H), 5.67 (d,J=6.8 Hz, 1 H), 6.47 (s, 1 H), 7.36 (m, 2 H), 7.92 (t, /=9 Hz,

2 H). All data are consistent with literature reported values.”

3'-Dephenyl-3'-(2-methylpropen-1-yl)-2-debenzoyl-2-(3-methylbenzoyl)-10-(N,N-

dimethylcarbamoyl)docetaxel (SB-T-121602) (II-12A)

A solution of 168 mg (0.147 mmol) II-11A dissolved in 3.5 mL acetonitrile and 3.5 mL pyridine
was cooled to 0 °C under inert conditions. Then 2 mL HF/pyridine was added dropwise,
producing a colorless solution and stirred at room temperature overnight. The reaction was
monitored by TLC (3:1 hexanes:ethyl acetate). After 24 h, the reaction was quenched with 10
mL of 10 % citric acid and extracted with 10 mL ethyl acetate three times. The mixture was
extracted and the organic layer was washed three times with 30 mL saturated CuSO,4 and three
times with brine (30 mL), dried over anhydrous MgSOy, and concentrated in vacuo. Purification
was done using column chromatography on silica gel (1:1 hexanes: ethyl acetate) to yield SB-T-
121602 (II-12A) (103 mg, 86%) as a white solid: m.p.= 165 °C-168 °C; [a]?p -13 (c 0.4,
CH,Cl,); "H NMR (500 MHz, CDCl3) & 0.86 (m, 1 H), 0.99 (m, 2 H), 1.02 (m, 2H), 1.16 (s, 3
H), 1.26 (s, 3 H), 1.33 (s, 9 H), 1.67 (s, 4 H), 1.76 (m, 6 H), 1.92 (m, 1 H), 2.04 (s, 3 H), 2.35 (m,

4 H), 2.54 (m, 2 H), 2.95 (s, 1 H), 3.04 (s, 1H), 3.18 (s, 1 H), 3.37 (bs, 1 H), 3.81 (s, 1 H), 4.17
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(d, /=10 Hz, 1 H), 4.20 (m, 1 H), 4.31 (d, /= 5.0 Hz, 1 H), 4.75 (t, J=5 Hz,2 H), 497 (d, J =
10 Hz, 1 H), 5.33 (s, 1 H), 5.65 (d, J=5 Hz, 1 H), 6.19 (t, /=10 Hz, 1 H), 6.26 (s, 1 H), 7.36
(m, 2 H), 7.92 (t, J = 10 Hz, 2 H); °C NMR (500 MHz, CDCls) § 12.0, 17.6, 21.2, 23.9, 24.9,
25.0, 28.3, 29.5, 30.8, 38.1, 38.3, 38.6, 39.3, 45.9, 48.3, 54.3, 61.2, 75.0, 75.1, 77.9, 78.9, 79.1,
79.4,79.6, 79.9, 81.9, 82.5, 83.9, 87.3, 123.4, 129.9, 130.1, 131.1, 131.9, 133.5, 137.0, 140.5,
140.9, 145.2, 158.0, 158.8, 169.7, 172.6, 208.3; LC/MS (positive mode) [M*'] 871.3 m/z (major
peak), [M™]872.3, [M "] 873.3; Purity was determined to be 91% via HPLC analysis on reverse

phase with a Jupiter proteo column using methanol: water (2:3, 0.4 mL/min).

3'-Dephenyl-3'-(2-methylpropen-1-yl)-2-debenzoyl-2-(3-methylbenzoyl)-10-

(propanoyl)docetaxel (SB-T-121302) (II-12AA)

A solution of 124 mg (0.140 mmol) II-11A dissolved in 2.5 mL acetonitrile and 2.5 mL pyridine
was cooled to 0 °C under inert conditions. Then 1.5 mL HF/pyridine was added dropwise,
producing a colorless solution and stirred at room temperature overnight. The reaction was
monitored by TLC (3:1 hexanes:ethyl acetate). After 24 h, the reaction was quenched with 10
mL of 10 % citric acid and extracted with 10 mL ethyl acetate three times. The mixture was
extracted and the organic layer was washed three times with 30 mL saturated CuSO,4 and three
times with brine (30 mL), dried over anhydrous MgSOy, and concentrated in vacuo. Purification
was done using column chromatography on silica gel (1:1 hexanes: ethyl acetate) to yield SB-T-
121302 (II-12AA) (80 mg, 70%) as a white solid: m.p.= 152 °C-155 °C; [a]*p -73 (c 0.3,
CH,Cl,); "H NMR (500 MHz, CDCl3) § 0.86 (m, 1 H), 0.97 (m, 2 H), 1.16 (s, 3 H), 1.28 (s, 3 H),

1.33 (m, 9 H), 1.67 (s, 4 H), 1.76 (m, 6 H), 1.92 (m, 1 H), 2.04 (s, 3 H), 2.35 (m, 4 H), 2.54 (m, 2
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H), 2.95 (s, 1 H), 3.42 (bs, 1 H), 3.81 (s, 1 H), 4.17 (d, /=10 Hz, 1 H), 4.20 (m, 1 H), 4.31 (d, J
=5.0 Hz, 1 H), 4.75 (t, J=5 Hz, 2 H), 4.97 (d, /=10 Hz, 1 H), 5.33 (s, 1 H), 5.65 (d,J=5 Hz, 1
H), 6.16 (t,J= 10 Hz, 1 H), 6.32 (s, 1 H), 7.36 (m, 2 H), 7.92 (t, J = 10 Hz, 2 H); °C NMR (400
MHz, CDCl3) 6 9.2, 9.3, 9.7, 9.8, 14.3, 15.1, 18.7, 21.5, 22.0, 22.5, 22.6, 22.8, 25.9, 26.8, 27.8,
28.4,29.9, 31.8, 35.8, 43.4, 45.9, 48.3, 58.8, 64.5, 72.5, 73.9, 75.1, 75.7, 79.3, 80.1, 81.3, 82.5,
84.7, 120.9, 127.5, 128.8, 129.3, 130.9, 133.2, 134.6, 137.9, 138.5, 142.6, 15536, 167.2, 170.2,
173.3, 174.8, 204.0; Purity was determined to be 72% via HPLC analysis on reverse phase with a

Jupiter proteo column using methanol: water (2:3, 0.4 mL/min).

§ 1.6.4 Taxane Construct

Baccatin III (ITI-2A)

A 100 mg (0.18 mmol) aliquot of 10-DAB and a 10 mg (0.018 mmol) aliquot of cerium chloride
were dissolved in 5 mL of THF and cooled to 0 °C under inert conditions. After 10 min at 0 °C,
0.115 mL (1.8 mmol) of acetic anhydride was added dropwise and allowed to warm to room
temperature. The mixture was allowed to stir for 4 h. The reaction was monitored by TLC (1:1
hexane: ethyl acetate, stain). After completion, the reaction was quenched with 20 mL saturated
NaHCO; and extracted with 25 mL of ethyl acetate. The organic layer was washed with brine
(3x30 mL), dried over anhydrous MgSQO,, and concentrated in vacuo to yield III-2B (50 mg, 94
%) as an off white solid. It was used crude in the subsequent reaction. m.p.= 220-222 °C. 'H
NMR (300 MHz, CDCl3) 1.11 (s, 6 H), 1.25 (t, J=3 Hz, 2H ), 1.60 (s, 3 H), 2.02 (s, 3 H), 2.18
(m, 3 H), 2.33 (s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H), 3.89 (d, /= 7.6 Hz, 1 H), 4.14 (d, /= 8.2 Hz,

1 H), 4.29 (d, J= 8.0 Hz, 1 H), 4.48 (dd, J = 10.2, 6.7 Hz, 1 H), 4.90 (t, J = 7.6 Hz, 1 H), 4.97 (d,
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J=8.8Hz, 1 H),5.63 (d,J=6.8 Hz, 1 H), 6.37 (s, 1 H), 7.49 (m, 2 H), 7.6 (m, 1 H), 8.11 (d, J=

12 Hz, 2H). All data are consistent with literature reported values."

Debenzoyl-2-(3-methoxybenzoyl)-baccatin 111 (I11-2B)*

A 170 mg (0.30 mmol) aliquot of II-8B and a 17 mg (0.03 mmol) aliquot of cerium chloride
were dissolved in 10 mL of THF and cooled to 0 °C under inert conditions. After 10 min at 0
°C, 0.283 mL (3.0 mmol) of acetic anhydride was added dropwise and allowed to warm to room
temperature. The mixture was allowed to stir for 4 h. The reaction was monitored by TLC (1:1
hexane: ethyl acetate). After completion, the reaction was quenched with 20 mL saturated
NaHCOj; and extracted with 25 mL of ethyl acetate. The organic layer was washed with brine
(3x30 mL), dried over anhydrous MgSO,, and concentrated in vacuo to yield III-2B (170 mg, 89
% yield) as a white solid. It was used crude in the subsequent reaction. m.p.= 210-215 °C. 'H
NMR (300 MHz, CDCls) 1.11 (s, 6 H), 1.25 (t, J=3 Hz, 2H ), 1.42 (s, 2H), 1.57 (s, 3 H), 2.05 (s,
3 H), 2.18 (m, 3 H), 2.30 (s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H), 3.87 (d, J= 7.6 Hz, 1 H), 4.14 (d,
J=8.2Hz,1H),4.29(d,J=8.0Hz 1 H),4.36 (dd, /= 10.2, 6.7 Hz, 1 H), 4.97 (t, /= 7.6 Hz, 1
H), 5.02 (d, /=8.8 Hz, 1 H), 5.62 (d, /= 6.8 Hz, 1 H), 6.32 (s, 1 H), 7.16 (m, 1 H), 7.38 (t, J=9

Hz, 1 H), 7.64 (s, 1 H), 7.69 (d, J= 9 Hz, 1H).

7-Triethylsilyl-baccatin ITI (IT[-3A)*®

An 50 mg (0.09 mmol) aliquot of ITI-2A and a 25 mg (0.36 mmol) of aliquot of imidazole was
dissolved in 1 mL N,N-dimethylformamide and was cooled to 0 °C under inert conditions. At 0
°C, 0.08 mL (0.45 mmol) of chlorotriethylsilane was added dropwise. The mixture was stirred
and allowed to warm to room temperature. The reaction was monitored by TLC (1:1 hexane:

ethyl acetate). After completion, the mixture was quenched with 12 mL of saturated NH4ClI and
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extracted with 35 mL of ethyl acetate. The organic layer was washed three times with 30 mL of
brine, dried over anhydrous MgSQO,, and concentrated in vacuo that afforded a yellow oil.
Purification was done using column chromatography on silica gel (3:1 hexanes:ethyl acetate) to
yield III-3A (57 mg, 90 % yield )as a off-white solid: m.p.= 210-212 °C; 'H NMR (300 MHz,
CDCl3) 6 0.57 (m, 6 H), 0.90 (m, 9 H), 1.04 (s, 3 H), 1.16 (s, 3 H), 1.67 (s, 3 H), 1.83 (m, 1 H),
2.02 (s, 3 H), 2.18 (m, 3 H), 2.33 (s, 3 H), 2.27 (s, 3 H), 2.51 (m, 1 H), 3.89 (d, J= 7.6 Hz, 1 H),
4.14 (d,J=8.2Hz 1 H),4.29 (d,J=8.0 Hz, 1 H), 4.48 (dd, J=10.2, 6.7 Hz, 1 H), 4.82 (t, J =
8.1 Hz, 1 H), 4.95 (d,J=8.8 Hz, 1 H), 5.63 (d, /=8 Hz, 1 H), 6.34 (s, 1 H), 7.46 (t, J = 8.0 Hz,
2 H), 7.59 (t, J= 7.2 Hz, 1 H), 8.08 (d, /= 7.2 Hz, 1 H). All data are consistent with literature

reported values."

2’-Triisopropylsilyl-3'-dephenyl-3'-(2-methyl-2-propenyl)-7-triethylsilyl-10-acetyl-

docetaxel [II1-4A]"

A mixture of 100 mg (0.185 mmol) III-3A and 95 mg (0.240 mmol) of (+) I-6 was dissolved in
7 mL of THF was cooled to -40 °C under inert conditions. After 10 min, 0.22 mL (0.22 mmol)
of LIHMDS in 1.0 M THF was added dropwise to the mixture. The reaction was monitored by
TLC (3:1 hexanes:ethyl acetate). After 2 h, the reaction was quenched with 10 mL saturated
NH4Cl. The mixture was extracted using ethyl acetate (60 mL) and the organic layer was
washed with saturated NH4Cl (50 mL) and brine (3 X 50 mL), dried over anhydrous MgSQO., and
concentrated in vacuo. Purification was done using column chromatography on silica gel (3:1
hexanes: ethyl acetate) to yield ITI-4A (157 mg, 98%) as a white solid: m.p.=172-175 °C; 'H

NMR (300 MHz, CDCl5) § 0.57 (m, 6 H), 0.91 (m, 9 H), 1.10 (s, 3 H), 1.19 (s, 3 H), 1.68 (s, 3
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H), 1.83 (m, 1 H), 2.00 (s, 3 H), 2.18 (m, 3 H), 2.35 (s, 3 H), 2.40 (s, 3 H), 2.51 (m, 1 H), 2.93 (s,
3 H),3.07 (s, 3 H), 3.83 (d, J=7.6 Hz, 1 H), 4.18 (d, /= 8.2 Hz, 1 H), 4.28 (d, /= 8.0 Hz, 1 H),
445 (dd, J=10.2, 6.7 Hz, 1 H), 4.81 (t, J= 7.6 Hz, 1 H), 4.95 (d, J= 8.8 Hz, 1 H), 5.67 (d, J =
6.8 Hz, 1 H), 6.47 (s, 1 H), 7.46 (t, J = 8.0 Hz, 2 H), 7.59 (t, /= 7.2 Hz, 1 H), 8.08 (d, J=7.2 Hz,

1 H). All data are consistent with literature reported values.*!

2’-Triisopropylsilyl-3'-dephenyl-3'-(2-methyl-2-propenyl)-7-triethylsilyl-docetaxel [III-
5A]Y

A 150 mg (0.140 mmol) aliquot of III-4A was dissolved in 12 mL of ethanol. After 10 min, 5.0
mL hydrazine monohydrate was added dropwise to the mixture. The reaction was monitored by
'"H-.NMR. After 3 h, the reaction was quenched with 10 mL saturated NH4Cl. The mixture was
extracted using ethyl acetate (35 mL) and the organic layer was washed with saturated NH4Cl
(50 mL) and brine (3 X 30 mL), dried over anhydrous MgSQO,, and concentrated in vacuo.
Purification was done using column chromatography on silica gel (3:1 hexanes:ethyl acetate) to
yield III-5A (101 mg, 70%) as a white solid: m.p.= 163-168 °C; "H NMR (300 MHz, CDCl;) &
0.57 (m, 6 H), 0.91 (m, 9 H), 1.10 (s, 3 H), 1.19 (s, 3 H), 1.68 (s, 3 H), 1.83 (m, 1 H), 2.00 (s, 3
H), 2.18 (m, 3 H), 2.35 (s, 3 H), 2.40 (s, 3 H), 2.51 (m, 1 H), 2.93 (s, 3 H), 3.07 (s, 3 H), 3.83 (d,
J=7.6Hz, 1H),4.18 (d,J=8.2Hz, 1 H),4.28 (d,/=8.0 Hz, 1 H), 4.45 (dd, /= 10.2, 6.7 Hz, 1
H), 4.81 (t, J=7.6 Hz, 1 H), 4.95 (d, /= 8.8 Hz, 1 H), 5.67 (d, /= 6.8 Hz, 1 H), 7.46 (t, J = 8.0
Hz, 2 H), 7.59 (t, J = 7.2 Hz, 1 H), 8.08 (d, J = 7.2 Hz, 1 H). LC/MS (positive mode)= [M"']
1056.6 m/z, [M*?] 1057.6 m/z, [M™] 1058.6 m/z. All data are consistent with literature reported

41
values.
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Chapter 11

Synthesis of Tumor-Targeting Taxane-Based Drug Conjugates

using Linolenic Acid as Tumor-Targeting Module
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§2.1. Targeted Chemotherapy

§2.1.1 Introduction

Traditional chemotherapy functions on the assumption that cytotoxic agents will
distinguish cancer cell from normal cell and destroy them. However, cytotoxic agents cannot
differentiate between cancer cells and normal cells and as a result both cells are destroyed. Thus,
a prevailing problem in cancer chemotherapy is that most cytotoxic agents lack specificity and
causes systemic toxicity. Systemic toxicity results in the destruction of normal cell and causes
harmful side effects such as hair loss, depression of the immune system, and damage to the liver,
kidney and bone marrow. Modern drug discovery attempts to make cytotoxic agents more
specific to tumor cells to prevent the destruction of normal cells, which can improve the quality

of life for patients.

§2.1.1 Targeted Chemotherapeutics

Targeted therapy is a relatively new field in cancer treatment that uses drugs to
specifically attack cancer cells. These therapies attack the cancer cells' inner workings, the
programming that makes them different from normal, healthy cells. This approach may be more
effective than current treatments.

Targeted cancer therapies that have been approved by the FDA are drugs that interfere
with cell growth signals, disrupt tumor angiogenesis, induce specific death of cancer cells, and
are delivered to cancer cells. Imatinib (Gleevec ®) and Erlotinib hydrochloride (Tarceva®)
(Figure 11) are a few chemotherapeutic agents that act by specifically inhibiting certain tyrosine

kinase enzymes that are characteristic of a particular cancer cell. Tyrosine kinases are involved
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in a number cell processes including cell differentiation and cell division. Over activity of
tyrosine kinases can lead to cancer of which makes it an attractive target for targeted

chemotherapy.
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Imatinib Mesylate Erlotinib Hydrochloride
Gleevec ® Tarceva ®

Figure 11: Structures of Gleevec ® and Tarceva ®

Imatinib received FDA approval in May 2001 and was considered the “Magic Bullet” to
cure cancer because of its high specificity for cancer cells. It is marketed by Novartis and is used
in treatment of chronic myelogenous leukemia (CML) and gastrointestinal stromal tumors
(GISTs). It is a 2-phenylaminopyrimidine derivative which acts by inhibiting tyrosine kinase
enzymes found in cancer cells. Imatinib is specific for the tyrosine kinase domain in the Abelson
proto-oncogene (abl) and mutations of abl are associated with CML. In CML, the Philadelphia
chromosome leads to a fusion protein of abl with ber (breakpoint cluster region), which gives
rise to a continuously active tyrosine kinase, termed ber-abl. Imatinib is selective for ber-abl and
functions by selectively inhibiting the kinase activity of bcr-abl (Figure 12). The decreased

activity of the kinase leads to remission of CML.
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Figure 12: Mechanism of action of Gleevec ®.”'

While this approach is effective in targeting cancer cells and reducing harmful side
effects, these drugs can potentially cause the cell to develop resistance to them. Signal
transduction pathways in mammalian cells are quite complex and have several secondary routes
to transduce the same signal (Figure 13). By inhibiting one pathway, the cell can initiate or

develop a secondary pathway to amplify the signal, causing a loss of efficacy of the drug.
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Recently, Imatinib has shown to be resistant in some patients. Mutations within the ber-
abl kinase domain are a major cause of resistance. Mutations can cause a conformational change
of the protein which reduces the affinity for binding of the drug. Studies have also shown that
allosteric mutants disrupt inhibition caused by imatinib binding and produces activated kinases
that are resistant to Imatinib.” Alternative methods should be explored to effectively target

cancer cells.

§2.1.2 Tumor-Targeting Drug Conjugates

§2.1.2.1 Introduction

Another way to make anticancer agents more specific is to conjugate a tumor-targeting
module (TTM) to an anticancer agent. This targeted approach uses tumor specific molecules to
selectively deliver a cytotoxic agent to cancer cells. Tumor-targeting molecules take advantage
of the differences in cancer and normal cells. Some examples of tumor-targeting modules are
monoclonal anti-bodies, vitamins, and polyunsaturated fatty acids (PUFAs). Monoclonal anti-
bodies have shown specificity for tumor-specific antigens and can be used as a targeting agent.
Vitamins and polyunsaturated fatty acids can also be used as effective TTM based on the fact
that tumor cells need more vitamins and nutrients than normal cells to maintain their limitless
growth potential. These TTMs can be conjugated to the cytotoxic agent via suitable linker or
directly if acceptable. These tumor-targeting drug conjugates should be stable in circulation,

delivered and internalized by the cancer cell, and activated once internalized.
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§2.1.2.2 Vitamins as Tumor-Targeting Modules

Cancer cells overexpress vitamin and nutrient receptors to maintain their limitless
growth. Vitamins, such as biotin and folic acid, can be used as tumor targeting modules to ensure
delivery to cancer cells without affecting normal cells. When conjugated to a TTM, the drug
conjugate will be delivered specifically to the tumor site. At the tumor site, the conjugate will be

internalized via receptor-mediated endocytosis (RME).**
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Figure 14: Receptor-Mediated Endocytosis.™

After internalization the linker is cleaved, releasing the cytotoxic agent in its free and
active form to target proteins (Figure 14). The RME mechanism of internalization was
confirmed by the Ojima lab with a biotin-linker-taxoid-fluorescein conjugate using confocal

fluorescence microscopy (CFM).

78



§2.1.2.3 Omega-3 Fatty Acids as Tumor- Targeting Modules

Polyunsaturated fatty acids (PUFAs) have also exhibited anticancer activity in various
cancer cell lines.”>*° In addition, certain omega-3 fatty acids, such as linolenic acid (LNA),
docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA), are readily taken up by tumor
cells as biochemical precursors. Linolenic acid is an essential fatty acid which plays a crucial

role in many metabolic processes and is readily incorporated into the lipid bilayer of tumor cells.

§2.1.2.4 Disulfide Linker

A suitable linker can be used to conjugate a TTM to a cytotoxic agent. These linkers can
aid in masking the activity of the cytotoxicity of the agent while the drug conjugate in is
circulation as well as a means to incorporate a TTM to the cytotoxic agent. Linkers should also
be bi-functional; stable while in circulation and readily cleave after internalization. Disulfide
linkers have been chosen as ideal linkers because they are cleaved by an intracellular thiol,
usually glutathione, upon internalization in the cell. It has been observed that in tumor cells, the
concentration of glutathione (GSH) is 1000 times greater than in blood plasma, therefore
disulfide linkers will be readily cleaved inside the cell.>* The GSH-triggered disulfide bond-
cleavage generates to the formation of a phenylthiolate species which can attack the linker-drug
ester bond, releasing the drug in its active form and generating a thiolactone side-product

(Figure 15).>*’
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The thiolactonization processes is essentially an irreversible step due to both enthalpy and
entropic favorability towards the exchange and self-attack, which ensures that all of the drug will
be released from the system. After this process, the drug is able to bind to its targeted proteins,
the biotin receptor is recycled and returns to the cell surface and the resulting thiolactone and
new TTM-GSH moieties are broken down by the cell. The mechanism-based drug release of the
disulfide linker was confirmed by the Ojima lab by monitoring the reaction of fluorine-labeled

molecules with ’F-NMR (Figure 16).°’
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Figure 16: "F-NMR Validation of the Thiolactonization Process’’

80



§2.2 Omega- 3 Polyunsaturated Fatty Acid-Drug Conjugates

§2.2.1 Introduction

Omega-3 polyunsaturated fatty acids are known to be nutritionally important and
beneficial to human health and development. They are classified as essential fatty acids because
they are not synthesized by the human body but are vital for normal metabolism. Essential fatty
acids include a-linolenic acid (LNA), which is obtained from vegetable oils, and
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are obtained from cold-

water fish. The structures of these essential fatty acids are displayed in Figure 17.

HO

Eicosapentaenoic acid (EPA)

HO
alpha-linolenic acid (LNA)

Docosahexaenoic acid (DHA)

Figure 17: Structures of EPA, LNA, DHA.

Omega-3 fatty acids are thought to be beneficial in a number of diseases including,
atherosclerosis, arthritis, neurological disorders, and in certain cancers. Tumors have been
shown to greedily take up these w-3 fatty acids as biochemical precursors, making them
excellent tumor-targeting modules. In addition, -3 fatty acids have also exhibited anticancer
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o . 58,59
activity in several cancers particularly breast, colon, and prostate cancer.™

When conjugated to
a cytotoxic agent, ®-3 fatty acids can offer selective delivery to cancer cells and because of its

anticancer properties, it may also provide synergism with the cytotoxic agent.

§2.2.2 DHA-Paclitaxel (Taxoprexin ®)

Paclitaxel is a common chemotherapeutic agent used for the treatment of lung, ovarian,
and breast cancer, as well as advanced forms of Kaposi's sarcoma. It is a mitotic inhibitor and
functions by hyper-stabilizing microtubules, causing cell division arrest and the initiation of
apoptosis at the G2/M stage. Like most traditional chemotherapeutics, Paclitaxel is not specific;
treatment of this drug will kill normal healthy cells in the process leading to a number of severe
and harmful side effects. To manage its non-specificity and poor solubility in aqueous
environments, numerous formulation of paclitaxel have been developed, including and DHA-

paclitaxel or Taxoprexin ®.

DHA-paclitaxel is an investigational drug made by linking DHA to the C-2’ position of
paclitaxel by Protarga Inc. (Figure 18). DHA is a -3 fatty acid that is actively taken up by
tumor cells making it an effective tumor targeting agent. This compound was shown to exhibit
increased anti-tumor activity and reduced systemic toxicity. It was also shown that this
conjugate is stable in circulation and maintained for long period of time, thus the drug is

activated slowly, which increases the efficacy of the drug and reduces side effects.®’
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Figure 18: Structure of DHA-Paclitaxel.

The conjugation of cytotoxic drugs to DHA or other PUFAs has been found to drastically
change the pharmacokinetics and distribution of the drug, resulting in accumulation of the drug
conjugate in tumor-tissues. A hypothesized mechanism of the PUFA-drug conjugate delivery to
tumor is shown in Figure 19.°" Human serum albumin (HSA) is the most abundant protein in
human blood plasma and is involved in the transport of PUFAs. The DHA component of the
conjugate readily binds to HSA in the blood plasma, which forms a HSA-bounded conjugate by
solubilizing the hydrophobic drug conjugate. The HSA-bounded conjugate is then recognized by
glycoprotein 60 (gp-60), where it binds and undergoes transcytosis from the blood capillaries to
the tumor interstitium.®* Once accumulated in the tumor interstitium, the drug conjugate
dissociates from HSA with the aid of secreted protein acidic and rich in cysteine (SPARC). The
DHA-paclitaxel conjugate is assumed to be desorbed into the external membrane of the tumor
cell and eventually internalized. After internalization in the tumor cell, the DHA-paclitaxel ester

bond is cleaved, releasing the drug in the active form and DHA. It is anticipated that DHA and
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its metabolites will further enhance the drug efficacy by interfering with a number of cellular

Processcs.
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Figure 19: Internalization of PUFA-Drug Conjugates.®’

Another hypothesized mechanism of PUFA-drug internalization in tumor cells is by the
accumulation of these drugs in the tumor intersitium through tumor’s abnormal blood vessels.
Tumors can form abnormal blood vessels in order to gain nutrients from the blood stream. These
tumor blood vessels have perivascular detachment, vessel dilation, holes, and irregular shape. It
is hypothesized that the PUFA-drug conjugate will travel through the vascular system and fall
through the holes in the tumor blood vessel; where it will be accumulated for a long period of

time and slowly internalized by the tumor cell.
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Taxoprexin ® takes advantage of the tumor-targeting properties of PUFA. This drug
conjugate reduces the destruction of normal cells and may decrease the harmful side effects
caused by traditional chemotherapeutics. Taxoprexin ® is a promising anticancer agent and is

currently in phase III clinical trials.

§2.2.3 DHA-SB-T-1214

Although taxoprexin ® displays great anti-tumor activity and also reduces systemic
toxicity, this drug will not be active in multi-drug resistant (MDR) cancer cell lines. The
cytotoxic agent in this drug complex is paclitaxel; studies have shown that this drug produces
drug resistance in cancer cell lines and is not active in multi-drug resistance (MDR) cancer cell
lines.* P-glycoprotein (Pgp) and multidrug resistance-associated proteins (MRP) are two
molecular pumps from the ABC family that have been associated with MDR. After
internalization of taxoprexin ® in the tumor cell, the ester bond is cleaved releasing DHA and
paclitaxel. If the tumor cell displays MDR, Paclitaxel will be recognized by pgp and will be
removed out of the cell via efflux, which results in the loss of efficacy of the drug. The removal
of cytotoxic agents in MDR cancer cell can be avoided by incorporating anticancer agents that
are active in MDR expressing cancer cells to this PUFA-drug model. Ojima and co-workers
have synthesized a wide array of 2"® and 3™ generation taxanes that are 2-3 orders of magnitude
more potent than the paclitaxel in MDR expressing cells. Accordingly, Ojima et. al. synthesized
drug conjugate a PUFA drug conjugate incorporating 2™ generation taxane, SB-T-1214, as the

cytotoxic agent (Figure 20).**
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Figure 20: DHA-SB-T-1214 Drug conjugate.

The antitumor activity of DHA-SB-T-1214 was evaluated and compared to taxoprexin ®
by the Ojima group. The PUFA drug conjugates were evaluated against the drug-sensitive A121
human ovarian tumor xenograft and the drug-resistant DLD-1 human colon tumor xenograft in
SCID mice (Figure 21).** It was found that Taxoprexin ® was ineffective against the drug-
resistant DLD-1 human colon tumor xenograft, whereas, DHA—SB-T-1214 showed complete

regression of the tumor.
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Figure 21: Evaluation of Anti-tumor activity of DHA-Paclitaxel and DHA-SB-T-1214

against DLD-1 human colon tumor xenograft.'

PUFA-taxoid conjugates have a high potential to become efficacious tumor-targeting
chemotherapeutic agents in cancer therapy. These conjugates incorporates a tumor-targeting
module to effectively deliver the cytotoxic agent to cancer cells, thus destroying them without
causing systemic toxicity, thereby improving the quality of life for patients. The highly potent
DHA-SB-T-1214 is a promising drug conjugate because it can be selectively delivered and the
2" generation taxane will be active in MDR cancer cells. DHA-SB-T-1214 is currently in phase

II clinical trials.
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§2.3 Synthesis of 2"* and 3" Generation Taxane-PUFA Conjugate

The synthesis of PUFA-Taxoid conjugates are of high interest in the Ojima lab. The
syntheses of PUFA-Taxoid conjugate using a-linolenic acid (LNA) as tumor-targeting module
and a 3" generation taxoid is reported. LNA as the tumor tageting module functions in the same
manner as DHA and is also more stable than DHA, making LNA a better PUFA to work with.
Highly potent PUFA-3" generation taxanes can be used as treatment if taxoprexin ® or PUFA-

2nd generation taxanes fall to resistance in MDR cancer cells.

§2.3.1 Results and Discussion

The synthesis of LNA-taxoid conjugate is shown in (Scheme 1). The tumor-targeting
moiety, LNA, was coupled to the C-2’ position of the taxoid in the presence of DIC and DMAP

that afforded the LNA-taxane conjugate in good yields.
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Scheme 1: Synthesis of LNA-SB-T-1214 and LNA-SB-T-121602.
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This reaction must be monitored via TLC to prevent the functionalization of the available
C-7 hydroxyl group. LNA was shown to be more stable during the course of the reaction and
subsequent workup, whereas, it has been experimental observed that DHA is difficult to work

with due to its instability.
§2.4 Synthesis of LNA-Linker-Taxoid Drug Conjugate

Linkers can be included in tumor-targeting drug conjugates to bridge a TTM with a
cytotoxic agent and/or ensure the stability of the conjugate in circulation and rapid release upon
internalization. A self-immolative methyl branched disulfide linker was determined to be a
suitable linker to for drug conjugates by the Ojima group (Figure 12). The methyl moiety alpha
to the disulfide bond may provide enough steric hindrance to prevent premature cleavage of the
disulfide bond while in circulation. Increasing the length of the carbon-branch increases the
stability of linker. Once the synthesis of the linker is achieved, subsequent attachment of the

cytotoxic agent and TTM will afford the TTM-Linker-Drug conjugate.
o OPQ
@? i
-S
Figure 22: Methyl-Branched Disulfide Linker.

Attachment of SB-T-1214 to the linker and further modification complex will give the
“Coupling-Ready” SB-T-1214-Linker Construct. This construct is a versatile moiety, containing

all of the essential pieces needed to prepare tumor-targeting drug conjugates (Figure 13).
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Figure 23: Coupling-Ready SB-T-1214-Linker Construct.*’

The linker is attached to the drug via an ester bond at the C-2’ position, which upon
thiolactonization, it becomes cleaved, releasing the taxoid with a free C-2’ hydroxyl moiety. The
free hydroxyl moiety is essential for optimum activity. The succinimide activated ester is highly
reactive towards nucleophillic groups, any tumor-targeting module containing a nucleophillic
group can be conjugated at this position.

The incorporation of a disulfide linker to a tumor targeting drug conjugate is a novel
approach to the synthesis of effective tumor-targeting drug conjugates. The methyl branched
linker can provide more stability while in the conjugate is in circulation, which can prevent
premature cleavage as in other drug conjugates. The linker can also ensure the complete and
rapid delivery of the cytotoxic agent due to the irreversible thiolactonization process. The

synthesis of a taxane-linker-TTM drug conjugate using a-linolenic acid as the TTM is reported.
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§2.4.1 Synthesis of the Methyl-Branched Disulfide Linker
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Scheme 2: Synthesis of the Methyl-Branched Disulfide Linker,*506-67-68:69

The synthesis towards the novel methyl-branched disulfide linker is outlined in scheme
2. The synthesis of the methyl-branched disulfide linker began with the synthesis of key
intermediates, 3-2 and 3-3. These intermediates were needed for the two thiol-dilsulfide
exchange reactions required to prepare the desired linker. The first key intermediate 3-2 was
obtained via oxidation followed by ring opening. The synthesis of 3-3 occurred in two steps. In
the first step, thianaphthene 2-boronic acid is oxidized in the presence of hydrogen peroxide to
produce the thiolactone 3-2 in good yield. In the second step, the thiolactone underwent base-

mediated ring opening and followed by acid work-up which produced the desired 3-2 in good
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yeild. However, the compound was not isolated pure. The impurity was the disulfide dimer of
3-2 which was visible on TLC and was separated from the product via column chromatography.

The second key intermediate 3-3 was prepared via on oxidation using KMnQOj,. Pyridine-
2-thiol was oxidized in the presence of KMnO, which produced 3-3 in high yields. Purification
of the product was easy; the crude product was filtered through celite and washed with CH,Cl,.
However, the disposal of the remaining KMnO, was burdensome.

The synthesis towards the methyl branched disulfide linker began with the synthesis of 4-
suthydrylpentanoic acid. The synthesis of 3-5 occurred in two steps. In the first step, the
starting material, y-valerolactone was stirred under reflux conditions with HBr. HBr acts like a
Brensted acid and protonates the carbonyl functional group. The protonated functional group
creates a dipole moment and pulls the electron density towards the carbonyl group. As a result,
the tertiary position of the lactone is open for nucleophilic attack by thiourea. The crude salt was
then subject to hydrolysis with sodium hydroxide to yield 3-5 in moderate to low yields. A
problem with this reaction is that a significant amount of y-valerolactone was recovered with the
product. To correct this, more time was allotted for reflux at a higher temperature to force the vy-
valerolactone to completely react. In addition, the formation of y-valerolactone competes with
the nucleophilic substitution of thiourea. Instead of the intermolecular nucleophilic attack, an
intramolecular attack from the carboxylate anion will result in ring-closure. However, any
formed vy-valerolactone and any excess thiourea was removed from the aqueous mixture
containing 3-4 by washing the aqueous layer with CH,Cl, followed by washing with ether.

Compound 3-5 was subject to the first thiol-disulfide exchange reaction to produce 3-6.
The addition of 3-5 to 3-3 in hot EtOH assured minimal dimer formation and formation of 3-6 in

good yields. Column chromatography was performed to obtain pure 3-6, excess 3-3 and the
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pyridinyl thiol byproduct. Compound 3-6 was obtained in good yields (82.4%). However,
separation of 3-6 by column chromatography was an extremely difficult process because the Ry
values on TLC plate of the reactants and product were very close. A slow column was done in
order to obtain pure isolated product.

With 3-6 in hand, TIPS protection of this compound was obtained in high yields 3-7. The
TIPS protection is needed to prevent drug coupling to the two different carboxylic acid positions
in the disulfide linker. Compound 3-7 is stable under nitrogen and can be stored in the
refrigerator for approximately 2 weeks.

Compound 3-7 was subject to the second thiol-disulfide exchange reaction with 3-2
which produced 3-8. However, this exchange can be problematic. The reaction was done under
slightly acidic conditions because of the presence of the carboxylic group in compound 3-2. It
has been experimentally observed that as the reaction length increases, the TIPS moiety is
cleaved, rendering the disulfide linker obtained useless in the preparation of a drug conjugate, as
two carboxylic acid moieties are present. With 3-8, any other —OH bearing drug compound can

be coupled to the free carboxylic acid moiety.
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§2.4.2 Synthesis of the Coupling Ready Construct
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Scheme 3: Synthesis of the Coupling Ready Construct.*

The synthesis of the coupling ready construct is displayed in scheme 3. SB-T-1214 was
coupled to 3-8 via DIC coupling reagent to yield 3-9. However, the product was obtained in low
yields (50%) and a significant amount of SB-T-1214 was also recovered. The low yield was
attributed to the low purity of the taxane. Compound 3-9 was deprotected by HF in pyridine to
yield 3-10. Compound 3-10 was then activated by OSu coupling. The synthesis of the SB-T-
1214-linker coupling-ready construct was done by treating 3-10 with HOSu in the presence of
DIC that afforded the construct, 3-11, in good yields (81%). The coupling ready construct, 3-11,

can be coupled to any tumor-targeting module which bears free amine.
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§2.4.3 Synthesis of the Drug Linker Conjugate with LNA as TTM
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Scheme 4: The Synthesis towards the Drug Conjugate

After the completion of the coupling ready construct, 3-11, the final steps toward the drug
conjugate can be completed (Scheme 4). LNA was converted to LNA hydrazide (3-12) in the
presence of EDC coupling reagent and hydrazine. Compound 3-12 was then coupled to 3-11 to
produce the SB-T-1214-Linker-LNA construct, 3-14. However, no product was obtained on this
intimal attempt. Spectroscopic data analysis showed no evidence of product formation. The use
of EDC coupling reagent in the previous reaction could have caused the LNA hydrazide to be
impure with the side product, di-isopropyl urea (DIU). DIU may have been detrimental in the
final reaction. With this in mind, an alternative and more efficient route was taken to synthesize

LNA-hydrazide without the use of and coupling reagents (Scheme 5).
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Scheme S: Synthesis of Drug- Linker-Tumor-LNA Drug Conjugate

LNA methyl ester was refluxed with hydrazine in methanol for 24 hours to yield 3-12.
The use of the methyl ester derivative was cost effective because it was $63.20 for 5 g as
opposed to the free carboxylic LNA for $87.60 for 100 mg. Also, refluxing in methanol reduced
the need for purification and produced 3-12 in qualitative yields. Whereas the previous method
reaction outlined in scheme 4, DIU was an undesirable side product. Also, the conversion of
LNA-hydrazide to the hydrochloride salt (3-13) prolonged the stability and self-life of the
material. Compound 3-13 was coupled to 3-11 in TEA and successfully produced the desired

SB-T-1214-Linker-LNA construct, 3-14, in good yields.
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§2.5 Conclusions

PUFA-drug conjugates hold great promise in the future and severs as a model for targeted
chemotherapy. Second and third generation taxanes can be incorporated into the PUFA-Drug
conjugate model, making them more potent and active in MDR expressing cancer cell lines.
Second generation taxane, SB-T-1214, and third generation taxane, SB-T-121602, were coupled
to LNA via standard DIC coupling protocol, which afforded these conjugates in high yield. A
self immolative methyl-branched disulfide linker was also incorporated in the tumor targeting
drug conjugate drug approach. The synthesis of the methyl-branched disulfide linker and the
SB-T-1214-Linker-OSu coupling ready construct were achieved in high yields. LNA was
converted to the hydrazide derivative which was then coupled to the coupling ready construct to
produce the desired tumor-targeting drug conjugate in good yields (76%). The LNA-Linker-
Drug conjugate synthesized is novel. However, biological evaluation of theses conjugates as
well as the linker is needed in order to fully understand the stability of the linker and conjugates

in circulation and mechanism of action in cancer cells.
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§2.6 Experimental

§ 2.6.1 General Methods and Materials

'H and °C NMR spectra were measured on a Varian 300, 400 or 500 NMR spectrometer.
Melting points were measured on a Thomas Hoover Capillary melting point apparatus and are
uncorrected. Optical rotations were measured on a Perkin-Elmer Model 241 polarimeter. TLC
was performed on Merck DC-alufolien with Kieselgel 60F-254 and column chromatography was
carried out on silica gel 60 (Merck; 230-400 mesh ASTM). Mass to charge values were
measured by flow injection analysis on an Agilent Technologies LC/MSD VL. In determining
enantiopurity (% ee), a Chiracel OD-H chiral column was used, with an isocratic mixture of
85:15 Hexanes :IPA at a flow rate of 0.6 ml/min. In determining the purity of taxanes, a
Phenomenex Jupiter 10 p Proteo 9A column was used in reverse phase, with a mixture of 3:2
methanol: water at a flow rate of 0.4 mL/min.

The chemicals were purchased from Aldrich Co. and Sigma and purified before use by
standard methods. Tetrahydrofuran was freshly distilled from sodium metal and benzophenone.
Dichloromethane and methanol were also distilled immediately prior to use under nitrogen from
calcium hydride. In addition, various dry solvents were degassed and dried using PureSolv™

solvent purification system (Innovative Technologies, Newburyport, MA).
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§ 2.6.2 LNA-Taxane Conjugate [2-1]

LNA-SB-T-1214 (2-1)

A 41 mg (0.048 mmol) aliquot of SB-T-1214, 13 mg (0.048 mmol) of LNA, and 2 mg (0.014
mmol) of DMAP were dissolved in 1 mL of dicholoromethane and cooled to 0 °C under inert
conditions. To this mixture, 0.008 mL (0.053 mmol) of DIC was added dropwise. The solution
was allowed to warm to room temperature. The reaction was monitored TLC (3:2 hexane: ethyl
acetate) and was completed in 30 min. Upon completion, the reaction was quenched with
saturated NH4Cl (10 mL) and extracted with dichloromethane (25 mL). The organic layer was
washed three times with brine (35 mL), dried over anhydrous MgSO,, and concentrated in vacuo
to afford a clear oil. The resulting oil was purified by column chromatography on silica gel (2:1
hexanes: ethyl acetate) to yield 2-1 (43 mg, 81 %) as a white solid: m.p.=92-96 °C; [0]*'p -60 (c
0.1, CH,Cly; "H NMR (300 MHz, CDCls) & 0.87 (m, 2 H) (H on c-propane), 0.97 (t, J= 3 Hz,
2H) (H on c-propane), 1.16 (s, 3 H), 1.26 (s, 3 H), 1.33 (s, 17 H) (8 H on saturated carbons of
LNA and 9 H terminal methyl on #boc), 1.75 (s, 8 H) (tertiary H), 1.92 (m, 5 H), 2.09 (s, 3 H),
2.45 (m, 4 H), 2.54 (m, 2 H), 2.80 (t, J= 3 Hz, 4 H) (allylic H on LNA), 3.82 (s, 1 H), 4.15(d, J
=10 Hz, 1 H), 4.18 (s, 1 H), 4.30 (d, /=9 Hz, 1 H), 4.90 (m, 2 H), 4.96 (d, /=9 Hz, 1 H), 5.17
(s, 1 H), 5.36 (bs, 6H) (Vinyl H on LNA), 5.67 (d, /=5 Hz, 1 H), 6.17 (t, /=9 Hz, 1 H) (allylic
H on SB-T-1214), 6.30 (s, 1 H) (C-10 H on SB-T-1214), 7.48 (t, J =3 Hz, 2 H), 7.60 (t, J = 9
Hz, 1 H), 8.12 (d, /=10 Hz, 2 H). ). *C NMR (400 MHz, CDCls) & 18.79, 22.52, 25.84, 28.34,
28.47, 35.71, 43.38, 45.82, 58.69, 75.65, 79.52, 80.08, 81.19, 129.49, 130.25, 130.47, 132.66,

155.08, 167.20, 168.57, 169.84, 173.13, 175.30, 204.29. LC/MS (positive mode) [M™'] 1114.4
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m/z (major peak), [M™] 1115.4, [M"] 1116.4; Purity was determined to be 70 % by HPLC

analysis on reverse phase with a Jupiter proteo column using methanol: water (2:3, 0.4 mL/min).

LNA-SB-T-121602 (2-2)

A 30 mg (0.048 mmol) aliquot of SB-T-121602, 10 mg (0.048 mmol) of LNA, and 2 mg (0.014
mmol) of DMAP were dissolved in 1 mL of dicholoromethane and cooled to 0 °C under inert
conditions. To this mixture, 0.008 mL (0.053 mmol) of DIC was added dropwise. The solution
was allowed to warm to room temperature. The reaction was monitored TLC (3:2 hexane: ethyl
acetate) and was completed in 30 min. Upon completion, the reaction was quenched with
saturated NH4Cl (10 mL) and extracted with dichloromethane (25 mL). The organic layer was
washed three times with brine (35 mL), dried over anhydrous MgSO,, and concentrated in vacuo
to afford a clear oil. The resulting oil was purified by column chromatography on silica gel (2:1
hexanes: ethyl acetate) to yield 2-2 (44 mg, 83 %) as a white solid: m.p.=78-82 °C; [a]*'p -40 (c
0.1, CH,CLy); "H NMR (500 MHz, CDCls) § 0.99 (m, 2 H), 1.02 (m, 2H), 1.35 (s, 17 H) (8 H on
saturated carbons of LNA and 9 H terminal methyl on #-boc), 1.16 (s, 3 H), 1.26 (s, 3 H), 1.33 (s,
9 H), 1.67 (s, 4 H), 1.76 (m, 6 H), 1.89 (m, 1 H), 2.04 (s, 3 H), 2.35 (m, 4 H), 2.54 (m, 2 H), 2.78
(t, J=3 Hz, 4 H) (allylic H on LNA), 2.93 (s, 1 H), 3.06 (s, 1H), 3.82 (s, 1 H), 4.14 (d, J=7.0
Hz, 1 H), 4.20 (m, 1 H), 4.30 (d, /=9.0 Hz, 1 H), 4.44 (m, 1 H), 4.75 (s, 2 H), 496 (d,J="7.5
Hz, 1 H), 5.24 (s, 1 H), 5.36 (bs, 6H) (Vinyl H on LNA), 5.67 (d, /=10 Hz, 1 H), 6.09 (t, /= 8.0
Hz, 1 H), 6.41 (s, 1 H), 7.36 (m, 2 H), 7.92 (t, J= 9 Hz, 2 H) C NMR (500 MHz, CDCl;) § 12,
17.62, 21.19, 23.96, 24.89, 24.99, 28.32, 29.52, 30.88, 38.09, 38.35, 38.66, 39.28, 45.88, 48.32,

54.26, 61.20, 7506, 75.12, 77.79, 78.91, 79.39, 79.65, 79.85, 79.90, 81.96, 82.54, 83.89, 87.30,
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123.42, 129.95, 131.90, 133.45, 135.97, 137.02, 140.47, 140.97, 145.52, 158.05, 158.82, 169.74,
172.57, 208.28. LC/MS (positive mode) [M™'] 1146.4 m/z (major peak), [M'?] 1147.4, [M"]
1148.4; Purity was determined to be 81 % by HPLC analysis on reverse phase with a Jupiter

proteo column using methanol: water (2:3, 0.4 mL/min).

§ 2.6.3 Disulfide linker

3H-Benzo[b]|thiophen-2-one (3-1) 65,66

A 5.0 g (28 mmol) aliquot of thianaphthene-2-boronic acid was dissolved in ethanol and 9.2 mL
(100 mmol) of hydrogen peroxide was added to the mixture dropwise. The solution was stirred
for 24 h at room temperature. The reaction was monitored by TLC (3:1 hexanes: ethyl acetate).
After 24 h, the mixture was diluted with water and the organic layer was extracted with three
allotments of CHCl; (35 mL). The organic layer was combined and dried over anhydrous
MgSO,. The solvent was removed and purification of the crude product was done using column
chromatography on silica gel (3:1 hexanes:ethyl acetate) to yield 1-1 (3.2 g, 86%), as a off white
solid: m.p.= 78-81 °C; 'H NMR (300 MHz, CDCl3) & 3.85 (s, 2 H), 7.17 (d, 1 H), 7.21 (dd, 2 H),

7.24 (d, 1 H). All data are consistent with literature reported values.*>*

2-Sulfhydrylphenylacetic acid (3-2)%%

A 2.0 g (13 mmol) aliquot of 3-1 was dissolved in 65 mL THF and warmed to 60 °C. A solution
of 3.4 g (80 mmol) LiOH dissolved in 65 mL distilled water and added dropwise to the warmed
solution containing 3-1, producing a cloudy brown solution. The reaction mixture was stirred
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overnight at 60 °C and monitored by TLC (3:1 hexanes: ethyl acetate). After 24 h, the mixture
was removed from heat and cooled to room temperature. At room temperature, the mixture was
diluted with water (15 mL) and diethyl ether (35 mL). The pH of the mixture was adjusted to
pH 2 using 1 M HCL. The organic layer was extracted, washed with brine, dried over anhydrous
Na,SOy4, and concentrated in vacuo. Purification was done using column chromatography on
silica gel (3:1 hexanes:ethyl acetate) to yield 3-2 (1.7 g, 80%): as an yellow solid "H NMR (300
MHz, CDCls) 6 3.49 (s, 1 H), 3.76 (s, 2 H), 7.16 (d, 2 H), 7.21 (dd, 1 H), 7.41 (dd, 1 H), 7.48 (d,

1 H). All data are consistent with literature reported values.*>®

1,2-di(pyridine-2-yl)disulfane (3-3)

A 125 g (113 mmol) aliquot of pyridine-2(1H)-thione was dissolved in 225 mL
dichloromethane. Subsequently, 53 g (337 mmol) of KMnO4 was added slowly over a period of
20 min and the solution was stirred vigorously producing a black solution. The reaction was
monitored by TLC (1:1 hexanes:ethyl acetate). After 3.5 hours, the solution was filtered over
celite and concentrated in vacuo to yield 3-3 (11.7 g, 95%) as a light-yellow solid without further
purification: m.p. 55-56 °C (lit.*” 58-60 °C); "H NMR (300 MHz, CDCl5) & 7.10 (dd, J = 7 Hz, 2
H), 7.61 (d,J =7 Hz, 2 H), 7.62 (dd, J =7 Hz, 2 H) 8.46 (d, ] = 7 Hz, 2 H). In a second trial 7.35
g (66 mmol) pyridine-2(1H)-thione was used to obtain 3-III (7.5 g, 100% yield). All data are

consistent with literature reported values.®”®

4-Sulfhydrylpentanoic acid (3-5%

A 5.25 g (52.4 mmol) aliquot of y-valerolactone was refluxed with 21.2 g (262 mmol) of HBr to

120 °C. After reflux was established, 20.0 g (262 mmol) of thiourea was added to the mixture
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and solution was further refluxed for 24 h. After 24 h of reflux, the clear solution was diluted
with ice-water (20 mL) and washed with three allotments dichloromethane (30 mL) and either
(30 mL). The aqueous layer was then treated with 8 M NaOH to adjust the pH to 10. The
mixture was refluxed for 24 h. After 24 h, the reaction mixture was allowed to cool to room
temperature. The pH was adjusted to 1 with 1 M HCI. The aqueous layer was extracted with
dichloromethane (30 mL). The combined organic layers were washed with brine (50 mL). The
organic layer was dried over anhydrous MgSQOy4 and concentrated in vacuo to yield 3-5 (4.79 g,
68%), as a yellow oil with strong stench: '"H NMR (300 MHz, CDCl;) & 10.5 (s, 1 H), 2.904-
2.950 (m, 1H), 2.461-2.501 (m, 2 H), 1.900-1.951 (m, 1H), 1.696-1.792 (m, 1 H), 1.417 (d, J =

3.5,1H), 1.323 (d, /= 3.5 Hz, 3 H). All data are consistent with literature reported values.”’

4-(Pyridin-2-yldisulfanyl)pentanoic acid (3-6)*°

A 0.67 g (5.00 mmol) aliquot of 3-3 was dissolved in 25 mL absolute ethanol. To the solution
was added 6.61 g (30.0 mmol) of 3-5 dissolved in 150 mL ethanol. The reaction mixture was
allowed to stir at room temperature and monitored by TLC (1:1 hexanes: ethyl acetate). After 16
h, the reaction solution was evaporated. The resulting yellow oil was dissolved in
dichloromethane and purified via column chromatography on silica gel (3:2 hexane: ethyl
acetate) to obtain unreacted 3-3 and desired 3-6, and to obtain dimers and reaction side products.
3-6(1 g, 82.4 %) was obtained as a yellow oil. 'H NMR (300 MHz, CDCls) 8 1.311 (d, ] =3.3
Hz, 3 H), 1.875-2.003 (m, 2 H), 2.525 (t, J = 3.9 Hz, 2 H), 2.981-3.026 (m, 1H), 7.060-7.101 (m,
1 H), 7.604-7.661 (dt, 1 H), 7.721-7.748 (m, 1 H), 8.456 (m, 1 H). LC/MS (positive mode)-

[M'"]244.0. All data are consistent with literature reported values.®’
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Triisopropylsilyl 4-(pyridin-2-yldisulfanyl)pentanoate (3-7)*

A 1.00 g (4.1 mmol) aliquot of 3-6 and 0.83 g (8.2 mmol) of TEA was dissolved in 20 mL of
CH,Cl; and cooled to 0 °C under inert conditions. To the mixture, 1.05 mL (5 mmol) of TIPSCI
was added dropwise. The reaction mixture was stirred at room temperature and monitored by
TLC (3:1 hexanes: ethyl acetate). The reaction was quenched with saturated NH4C1 (20 mL) and
extracted with dichloromethane (50 mL). The organic layer was dried over anhydrous MgSQO4
and concentrated in vacuo. Purification was done by column chromatography on silica gel (3:1
hexanes: ethyl acetate) to yield a light yellow oil, 3-7 (1.49 g , 91 %): 'H NMR (300 MHz,
CDCls) & 8.421 — 8.396 (dq, 1 H), 7.721 — 7.688 (dt, 1 H), 7.621 — 7.563 (m, 1H), 7.619 (t, J =
7.6, 1 H), 7.058 (t, /= 5.2 Hz, 1 H), 3.011 — 2.960 (m, 1 H), 2.253 — 2.468 (m, 2 H), 2.004 —
1.866 (m, 2 H), 1.300 (m, 3 H), 1.007 (m, 21 H). All data are consistent with literature reported

values.®

2-(2-5-Oxo-5-(triisopropylsilyloxy)pentan-2-yldisulfanylphenyl)acetic acid (3-8)*

A 280 mg (0.501 mmol) aliquot of 3-7 was dissolved in 0.63 mL of THF and cooled to -10 °C
under inert conditions. To this mixture, 40 mg (0.501 mmol) of 3-2 previously dissolved in 0.63
mL of THF was added dropwise. The mixture was stirred at -10 °C for 30 min and was then
warmed to room temperature for 60 min. The reaction was monitored by TLC (3:1 hexanes:
ethyl acetate). The solvent was evaporated and the residual was purified by column

chromatography on silica gel (5:1 hexanes: ethyl acetate) to yield 3-8 (279 mg, 88.2 %) as a light
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yellow oil. 'H NMR (400 MHz, CDCls) 5 7.803 — 7.784 (d, J = 7.6 Hz, 1 H), 7.297 — 7.267 (m,
1H), 7.211 — 7.178 (m, 1 H), 3.896 (s, 2 H), 2.918 — 2.884 (m, 1 H), 2.435 — 2.388 (m, 2 H),
1.954 — 1.917 (m, 1 H), 1.840 — 1.805 (m, 1 H), 1.310 — 1.235 (m, 3 H), 1.060 (m, 21 H). All

data are consistent with literature reported values.*

§ 2.6.4 Coupling Ready Construct

SB-T- 1214-Linker-CO, TIPS (3-9)*

A 130 mg (0.152 mmol) aliquot of SB-T-1214 and 5.64 mg (0.046 mmol) of DMAP was
dissolved in 1 mL of dichloromethane and cooled to 0 °C under inert conditions. To this
mixture, 0.020 mL (0.182 mmol) of DIC was added dropwise, followed by the dropwise addition
of 70 mg (0.154 mmol) of 3-8 dissolved in 0.5 mL of dichloromethane. The solution was stirred
at 0 °C for 24 h and allowed to warm to room temperature. The reaction was monitored by TLC
(1:1 hexanes:ethyl acetate). Upon completion, the mixture was filtered to remove excess
impurities and washed with dichloromethane (35 mL). The organic layer was evaporated and the
residual oil was purified by column chromatography on silica gel with (3:2 hexanes: ethyl
acetate) to yield 3-9 (60 mg, 50%) as a white solid. 'H NMR (500 MHz, CDCls) & 8.110 — 8.094
(d, /J=6.4Hz, 1 H), 7.822 - 7.784 (t, J= 11 Hz, 1 H), 7.616 — 7.587 (t,J=5, 1 H), 7.298 (m, 1
H), 6.295 (d, /=7 Hz, 1 H), 6.221 (m, 1 H), 5.678 (d, /=7 Hz, 1 H), 5.142 (m, 1 H), 4.981 (m,
2 H), 4.407 (m, 1 H), 4.313 (m, 1 H), 4.183 (m, 1 H), 4.125 (s, 2 H), 3.784 (s, 1 H), 2.540 (m, 1

H), 2.380 (m, 4 H), 2.041 (s, 3 H), 1.903 (m, 2 H), 1.775 (m, 3 H), 1.717 (s, 2 H), 1.663 (s, 2 H),
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1.358 (s, 6 H), 1.255 (m, 8 H), 1.147 (m, 3 H), 1.079 (m, 2 H), 0.988 (m, 2 H), 1.046 (m, 21 H).

All data are consistent with literature reported values.*

SB-T- 1214-Linker-CO,H (3-10)*

A 60 mg (0.046 mmol) aliquot of 3-9 was dissolved in 2.5 mL of a 1:1 mixture of acetonitrile:
pyridine and cooled to 0 °C under inert conditions. To the mixture, 0.60 mL of HF/pyridine was
added dropwise. The reaction was stirred at room temperature for 24 hours and monitored by
TLC (1:1 hexanes: ethyl acetate). Upon completion, the reaction was quenched with saturated
NaHCO; (15 mL) and extracted with ethyl acetate (50 mL). The organic layer was washed with
CuSO4 (3 X 30 mL), then with brine (3 X 30 mL), dried over anhydrous MgSQO4, and
concentrated in vacuo. Purification was done by column chromatography on silica gel (1:1
hexanes:ethyl acetate) to yield 3-10 (48 mg, 93%) as an off white solid: '"H NMR (500 MHz,
CDCl3) 6 8.110 - 8.094 (d, J=6.4 Hz, 1 H), 7.822 —7.784 (t,J =11 Hz, 1 H), 7.616 — 7.587 (t,J
=5, 1 H), 7.298 (m, 1 H), 6.295 (d, /=7 Hz, 1 H), 6.221 (m, 1 H), 5.678 (d, /=7 Hz, 1 H),
5.142 (m, 1 H), 4.981 (m, 2 H), 4.407 (m, 1 H), 4.313 (m, 1 H), 4.183 (m, 1 H), 4.125 (s, 2 H),
3.784 (s, 1 H), 2.540 (m, 1 H), 2.380 (m, 4 H), 2.041 (s, 3 H), 1.903 (m, 2 H), 1.775 (m, 3 H),
1.717 (s, 2 H), 1.663 (s, 2 H), 1.358 (s, 6 H), 1.255 (m, 8 H), 1.147 (m, 3 H), 1.079 (m, 2 H),

0.988 (m, 2 H). All data are consistent with literature reported values.”’

SB-T-1214-Linker-OSu Conjugate (3-11)*°

A mixture of 50 mg (0.045 mmol) 3-10 and 10 mg (0.1 mmol) HOSu was dissolved in 1 mL

pyridine. The reaction was stirred at room temperature and monitored by TLC (1:1 hexanes:
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ethyl acetate). After 24 h, the reaction mixture was quenched with NH4Cl (5 mL) and extracted
with ethyl acetate (25 mL). The organic layer was washed with brine (3 x 25 mL), dried over
anhydrous MgSQO,, and concentrated in vacuo resulting in a crude mixture. Purification was
done using column chromatography on silica gel (3:2 hexane: ethyl acetate) to yield 3-11 (34
mg, 81%) as a yellow solid: "H NMR (500 MHz, CDCl3) & 8.115 — 8.097 (d, J = 9 Hz, 1 H),
8.015 (s, 1 H), 7.784 (m, 1 H), 7.594 (t,J=5 Hz, 1 H), 7.316 (m, 1 H), 6.279 (s, 1 H), 6.221 (m,
1 H), 5.678 (m, 1 H), 4.974 (m, 2 H), 4.407 (m, 1 H), 4.287 (m, 1 H), 4.187 (m, 1 H), 4.083 (s, 2
H), 3.803 (m, 1 H), 2.957 (m, 11 H), 2.824 (s, 3 H), 2.656 (m, 1 H), 2.347 (m, 5 H), 2.076 (s, 5
H), 1.899 (s, 3 H), 1.725 (m, 7 H), 1.656 (s, 4 H), 1.358 (s, 6 H), 1.255 (m, 8 H), 1.147 (m, 3 H),

1.079 (m, 2 H), 0.988 (m, 2 H). All data are consistent with literature reported values.*

§ 2.6.5 Drug Conjugate with LNA as TTM

LNA Hydrazide (3-12)*"°

A 0.5 mL (1.5 mmol) aliquot of LNA methyl ester and 0.15 mL (3 mmol) of hydrazine were
refluxed to 80 °C in 6 mL of methanol for 24 h. The mixture was concentrated in vacuo to yield
3-12 (430 mg, 98 %) as clear oil "H NMR (500 MHz, CDCl3) 0.994 (t, J=8, 3 H), 1.364-1.270
(m, 11 H), 1.652 (m, 4 H), 2.111-2.048 (m, 4), 2.160 (t, J=8, 2 H), 2.823 (s, 4 H), 3.681 (s, 1 H),
3914 (s, 1 H), 5.425-5.321 (m, 6 H), 6.747 (s, 1 H). This compound was used crude in the

subsequent reaction. This All data are consistent with literature reported values.*"”°
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LNA Hydrazide Hydrochloride Salt (3-13)

A 400 mg (1.44 mmol) aliquot of 3-12 was dissolved in dichloromethane (2 mL). To this
solution, 1 M HCI in ecither was added and the reaction mixture was stirred for 2 h at room
temperature. After completion, the mixture concentrated in vacuo to yield 3-13 (420 mg,

quantitive yield) as a white solid.

SB-T-1214- Linker-LNA (3-14) 57

A 40 mg (0.033 mmol) aliquot of 3-11 was dissolved 2 mL of dichloromethane and cooled to 0
°C in inert conditions. A 10 mg (0.036 mmol) aliquot of pure 3-13 (derived from LNA methyl
ester) previously dissolved in 1 mL of dichloromethane was added. To this mixture, 0.05 mL
(0.04 mmol) of TEA was added dropwise to the solution. The reaction was mixed for 24 h at 0
°C and monitored by TLC (9: 1 dichloromethane: methanol). Upon completion the reaction was
quenched with NH4Cl (15 mL) and extracted with dichloromethane (35 mL). The organic layer
was washed three times with brine (35 mL), dried over anhydrous MgSQO,, and concentrated in
vacuo to yield a crude oil. Purification was done using column chromatography on silica gel (5:2
hexane: ethyl acetate) to yield 3-13 (37 mg, 79%) as a white-yellow solid: m.p.= 88-90 °C. 'H
NMR (500 MHz, CDCls) 0.976 (m, 4 H), 1.145 (m, 4 H), 1.335 (m, 16 H), 1.716 (m, 5 H), 1.946
(m, 10 H), 2.246 (s, 2 H), 2.368 (s, 1 H), 2.622 (s, 2 H), 2.808 (s, 4 H), 3.812 (s, 1 H), 4.072 (m,
1 H), 4.185 (m, 1 H), 4.226 (m, 1 H), 4.295 (m, 1 H), 4.307 (m, 1 H), 4.417 (m, 1 H), 4.972 (s, 1
H), 5.119 (s, 1 H), 5.363 (s, 6 H), 5.680 (s, 1 H), 6.313 (s, 1 H), 7.271 (m, 1 H), 7.467 (s, 1 H),
7.592 (m, 1 H), 8.109 (s, 1 H), 8.554 (s, 1 H). *C-NMR of this compound was done by William

Burger in the Ojima group and the spectrum is shown in the appendix.”’ LC/MS (positive mode)
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[M'"] 1410.7, [M*"] 1411.7, [M*"] 1412.7; Purity was determined to be 84 % by HPLC analysis
on reverse phase with a Jupiter proteo column using methanol: water (2:3, 0.4 mL/min). All data

are consistent with literature reported values.”
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new gxperiment

Pulse Sequence: sZpul

Solvent: CDCI3
Temp. 25.0 C / 298.1 K
GEMINI-300BB "gem2300"

Relax. delay 1.000 sec
Pulse 7.8 degrees
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Width 4500.5 Hz
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SB-T-l214-Linker-0Su Construct

Data Collected on:
inv500-inovas00
Archive directory:
Jexport/home/ezuniga/vnmrsys /data
Sample directory:

File: PROTON

Pulse Sequence: s2pul
Solvent: COC13

Temp. 25.0 C / 298.1 K

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 1.892 sec

Width 7998.4 Hz

124 repetitions
OBSERVE ~ H1, 499.8948183 MHz
DATA PROCESSING

FT size 32768
Total time 5 min
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LHAMLINKERSBT1Z14CCARBON

Data Collected on:
inv500-inovaS00
Archive directory:
Jexport/home/wherger /vnmrsys /data
Sample directory:

File: CARBON

Pulse Sequence: s2pul
Solvent: CDC13

Temp. 25.0 C / 298.1 K
User: 1-14-87

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.300 sec
wWidth 31421.8 Hz
3000 repetitions
OBSERVE C13, 125.6986300 MHz
DECOUPLE H1, 499.8973075 MHz
Power 45 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 1.0 Hz
FT size 131072
Total time 1 hr, 55 min

W

A

ML

e e

200 180

S

ppm



HPLC DATA

SB-T-1214

254 nm

MP-SBT-1214-F.dat |

Rementiqn Time
e

UV Detector Ch1-254nm

—— MP-SBT-1214-F

500 |- -Area P

600

Minutes

220 nm

| i T T
I | | ,@W,AV
| | | | o' N
Bt Rt el e B R It Ll Bl ol i
2,
| | | | | | | ‘. |
I I I I I I I [
e e e el et it e et Bl &
| | | | | | | |
| | | | | | | |
S e P [ R P
| | | | | | | | |
| | | | | | | 2N
T T E R N SRR S SR
| | | | | | | | I
| | | | | | | | UW\
e A AR S
| i T T | | T T |
m | | | | | | | | |
S & | | | | | | | |
Qo Sl T T T T T o T T T T
Sul
G313 E = | | | | | | |
s $ I I I I I I
gast @
o &l e e e e e e e Al
3228 O | | |
QPDE
Sddie | | | | | | |
SE5Q ® L e e e
g | | | | | |
&< | | | | | | |
| | | | | | | | |
o o o o o o o o o o o
S Ire] S e} S Ire] S e} S re}
re} N S ~ n ~ S ~ s} ~
o~ N N — — — —
SHoAW

12 14 16 18

10

Minutes



SB-T-121602

254 nm

Minutes

AA

|
I
|
il el Bl T T T T Tl
I
I
i RIS T +
I
I
[ T
I
I
I
il il Bl it i
I
I
i o
S
,%@.
N
I
I /w..nv.
I
R
I
I
T 1
I
I
|
e
0 I
m |
il il Bl it i
: : |
< |
o O 1
(o] !
(gl |
|
e
I
I
e e B -+
I
I
T S T, a
|
I
I
S
I
I
il it e -+
I I I | | | | E o
| | | I I I I S 18
E 0 PNnitn
Y —_—_—— SEEo oL 1
Srg .= Cc | | | | | | Sk @
faskH @ , | | | | | GBBE &
geg = |Q I | | | | | sk @
sid g = o < SS9 - O
mnn.m,a ] | T I i T SEES &
RS | | | | | | mw,%ﬂ.%
Sel @' I I I I I I Sdd €
R T I e e e S R UMHJWW%
> | | | | | | | =
7 r< I I I I I [ f e <
e e e o ——
o o o o o o o o o
o S S ) S S S s}
~ © I} < ™ 2 — s



SB-T-121302
254 nm

| I I I I |
| 7] | | | <p. |
I 2 I I I I I 0. 0! s

et B 2 £ - T - - T [ R A7 S sty I
| = | | | | | | | L oB. |
| = [ | | | | | | | < %@%\J

N O A o R e T
| ~ | | | | | | | ,%bﬂbﬂvﬂ\\,
| ~ | | | | | | | 189, T -

D B I R A R \\L\\L\\L\\L\\\F\L\\L\\L\MMQ,,w\,\AF6
| i i I I | i i | Uﬂ\/ i
| | | | | | | | <5 ,W‘\
| I I I I I I I I Qw,x,

B e e e e e A S A +\\ij
| | | | | | | | | %an‘ -
| | | | | | | | | 1 Cod

[ R e S ES E B RN ol I YN
| | | | | | | | | | -
| | | | | | | | ,%ﬂ&,

O S S IR IR T S B S D R U N, S B I
| [ i | [ | i i | | ~
| | | | | | | | ,K%Q.,@A.P\
| | | | | | | | | (2]

- -1 --- B e T e e e e A~ Sul I -
| E | | | | | | | | | Q,W\

e | S &I | | | | | | | | -

TS Sudl L4 1 J]ew

Sy g mm_m,,n_m.. | | | | | | | |

gai O&8a.E & | | | | | | | |

sak sayNkE @ I | | | | I |

a8 B = = e A R A

mm,m www,%%, | | | | | | |

Sl saalc & I I | | | | |

533 et B R e i ks Sl
T ,Dn_mN, | | | | | | |
| | | | | | | | | |
- e o
o o o o o o o o o o o o
o S S S o S S S ) s} <)

@ S o © < I s} @ © < 2

N - i - - -

SHOAW SHOAW

Minutes

BB



LNA-Linker-SB-T-1214

254 nm

| | | | | | | | |
I I I I I I I I I
| I | | | | | I |
I e e e A e E i e B
I I I I I I I I I
I I I I I I I I I
B T e e e )
I I I I I I I I I
I I I I I I I I I
L R H N N O I R
| | | | | | I | |
I I I I I I I I I
I I I I I I I I I
[t ol et et Rttt il Bttt s B
I I I I I I I I I
I I I I I I I I I
B T e e e T |
I I I I I I I I I
I I I I I I I I I
L O R H (R I I N
| | | | | | I | I
I I I I I I I I I
I I I I I I I I I
[t ol Bt el Rttt it Bttt s Hii
I I I I I I I I I
I I I I I I I I I
A S
I I I I I I I I I
I I I I I I I I I
I—_ L\\\r\\u\\\r\\u\uﬂw\\_\\ Lo
1 N, I | I | x| i
I I I I I I I I
| nmm | | | | < |
T e . SR e e e - e e« i T
| I @Awu, I I I »0\.., O, 41
| | e I I I o) L T
T T R TR
I I I I I I I mM,.., I
I I I I I I I I
R A N A T R T o= I
1 | I | I | i i |
I I I I I I I I |
I I I I I I I I ]
It el B e B e e e R
I I I I I I I I |
I I I I I I I I
\\\r\\L\\\r\\L\\\r\\L\\\r\\L\\\_vwww
I I I I I I I I
I I I I I I I I
| | | | | | | |
= e R N R
Lo I I I I I I I
3 | | | | | | |
B -t i Bl ol e Al i Al Rt
28 | | | | | | |
eSS | | | | | | |
mmmm\;h\,\\\r\\\,\\\r\\L\\\r\\L \\\\\\\
Sho =T | I I I I I I
229 o | | | | | |
O c O | | | | | | |
s £ s |
wum.ma | T | T i ] i
£E3 =L N R A I
ca
333 \%\T\\T\\\,\\\T\\i\\\T\\i \\\\\\\
_ MN, | | | | | |
I I I I I I I
| | | | | | | |
o o o o o o o o o o o
I o 0 =) re] o 0 S [rs) [¥e)
< < 3] ™ 3N 3 = — v

38 40

36

32

30

20 22 24 26

Minutes

18

12 14

10

228 nm

— MP LNA-Linker-SBT1214 Purity 042510

UV Detector Ch2-228nm |

|
|
|
e e B I
|

MPLNA—,Jerr-SBT}Z}A#&& -
ention Time

{

Area Percent

Re

1600} - -

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Minutes

10

CcC



SB-T-121602-LNA

254 nm

UV Detector Ch1-254nm
—— MP-SBT-121602-LNA-F3

MP-SB‘T-121602-LNA-F§vda|
Retention Time

Minutes

300

S)oAW

220 nm

i
|

IO

©

L
ERE |
NA,A,H\\T
zmme, |
A | |
g
wamm |
039S
sask o [
iiig s |
MSS\UW\\\\4 \\\\\ [ [t Bl I
saoa S | | | |
53=2 @ | | | |

7 %N | | | |

T | | | |

T - T - T - T - T - T
=) o ) o o o o
o ) ) S o s}
© ) < ™ Y =

SIoAW

Minutes

DD



SB-T-1214-LNA

254 nm

UV Detector Ch1-254nm

—— MP-SBT-1214-LNA-F5 |
MP-SBT-1214-LNA-F5.dat

Retention Time

Minutes

250 - “Area

300

S)oAW

220 nm

| |
| |
| |
| |
| |
\\\\\ -
| |
| |
| |
%, ,
\\\\\Wﬁ«\\\\” \\\\\
AN
SRS
| |
\\\\\ [ER
| |
| |
| |
| |
I |
I
| |
| |
| |
| |
\\\\\ [ I
| |
| |
| |
| |
| |
\\\\\ |t
| |
| |
| |
| |
[ R B
I |
| |
| |
| |
| |
\\\\\ -
| |
| |
| |
| |
I |
T
| |
| |
[ |
E 3 | |
geg -
REE I ,
2532 !
C44m.m |
033
588F 5 ,
g5 8
D= = |
fhlmS g -
Dssmﬂw
>0 | | | |
53=2 @ | | | |
7 %N | | | |
T | | | |
. | . | . | . | . |
=) o ) o o o
o ) ) S o s}
© ) < ™ Y =
SIOAW

Minutes

EE






