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Abstract

Cancer was responsible for an estimated 13% of all deaths worldwide in 2012. The main treatment
for cancer remains chemotherapy; however, it faces problems due to low specificity and systemic
toxicity. A way to improve chemotherapy is to use nanocarriers such as cyclodextrins. This study
concerns the synthesis of prodrugs from known anticancer drugs to enhance their complexation with
cyclodextrins. The focus has been on the synthesis of Doxorubicin and Gemcitabine prodrugs in order

to improve their complexation with cyclodextrin and thereby minimize the side effects and improve

their affinity. NH,
0] OH 0]
X \
OH |
OH HO
N o
o)
/o @) OH 0 NH, F
o)
OH OH F

Assessments of each molecule were made and four different prodrugs (two of each) were designed
and synthesized. The final four products were isolated in ~10-20 mg. The complex formation of the
synthesized prodrugs was analyzed by ITC. Five different 3-cyclodextrins derivatives were chosen
and obtained Ka values were compared.



Resumé

Kraeft anslds at vere ansvarlig for 13 % af alle dedsfald pa verdensplan i 2012. Den primere
behandling for kreeft er fortsat kemoterapi, men behandlingen er langt fra perfekt. Kemoterapi
keemper blandt andet med problemer som lav specificitet og systemisk toksicitet. En made at forbedre
kemoterapi er ved hjalp af sakaldte nanocarriers, sa som cyclodextriner. Dette studie beskaftiger sig
med syntesen af prodrugs fra kendte anti-kraeft medicin for at gge deres kompleksdannelse med
cyclodextriner. Fokus har veeret pa syntesen af Doxorubicin og Gemcitabin prodrugs for at minimere

bivirkningerne og forbedre deres affinitet.

NH,
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Det blev vurderet hvilke linker, der ville virke bedst for hvert molekyle. I alt blev fire prodrugs (to af
hver) syntetiseret. Hver af de endelige produkter blev isoleret i ~10-20 mg. Kompleksdannelsen af
de syntetiseret prodrugs blev analyseret via ITC. Fem forskellige B-cyclodextrin derivater blev
udvalgt og de opnaede Ka verdierne blev sammenlignet.
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1. Introduction

In 2010, there were 14.1 million new cancer cases, 32.8 million individuals living with cancer within
5 years of diagnosis and 8.2 million cancer deaths, equivalent to an estimated 13 % of all deaths
worldwide.! Cancer is a generic term for a large group of diseases, made up of different and distinctive
diseases.? However, the diseases all have common traits. D. Hanahan and R. A. Weinberg proposed
six so-called hallmarks of cancer in 2000.2 These include sustaining proliferative signaling,* evading

growth suppressors, and resisting cell death.® All six hallmarks can be seen in figure 1.

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

inducing Activatin
angiogenesis and metastasis

Enabling replicative
immortality

Figure 1: Hallmarks of cancer as proposed by D. Hanahan and R. A. Wienberg.®

Cancer can involve any tissue of the body and have many different forms in each body area. Most
cancers are named for the type of cell or organ in which they start. Cancer often starts with abnormal
cell growth, a neoplasm. These often grow faster than healthy cells and will continue to grow if not
treated. A neoplasm can either be benign or malignant (cancerous). In the cancerous cases, a neoplasm
is often referred to as tumor. Tumor cells accumulate mutations that result in unscheduled
proliferation,® for example, knock down of p53 or Ras (an oncogene) becoming constitutively active.®
Cancer cells also acquire genomic instability which leads to additional mutations and chromosomal
instability. All this results in proliferative advantages and an increased susceptibility to accumulate

additional genetic alterations.” An illustration of a cancer cell cycle can be seen in figure 2.
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Figure 2: Cancer Cell cycle.”

The body is not without a defense system when it comes to preventing malignant neoplasms. P.
Ehrlich proposed that both native and adaptive immune defenses play a role in preventing cancer. M.
Burnet extended that theory and used the word immunosurveillance to describe the immunological
resistance to cancer development.® The immunosurveillance theory was set forth over 50 years ago,
and still has the immunological scientific community divided, mainly due to lack of convincing data
of in vivo immunological eradication of precancerous lesions.® According to the immunosurveillance
theory, the immune system should reject cancer cells based on their mutated profile. However, due
to tolerance, the immune system sees some cancer cells as “self”.1° Treatment is therefore necessary

and can come in the form of surgery, chemotherapy, radiotherapy and immunotherapy.

1.1 Chemotherapy

A chemotherapeutic is a chemical that binds to and specifically kills microbes or tumor cells, in short,
a drug therapy for cancer. Chemotherapeutic drugs are classified according to their mechanism of
action and are divided into five subcategories: alkylating agents, antimetabolites, anti-microtubule
agents, topoisomerase inhibitors and cytotoxic agents.'* A single chemotherapy drug can be used as
treatment, but often multiple drugs with different mechanisms of action are used in combination. This
improves the chances of killing cancer cells and reduces the chance of cancer cells becoming resistant
to any one drug. Resistance, in this case, is defined as either a lack of tumor size reduction or the
occurrence of relapse after an initial positive response.’> Most chemotherapeutic agents target
dividing cells, regardless of whether it is a dividing tumor cell or active intestinal epithelial cell. 14
15, 16

They do so with the same potency, which results in low specificity and systemic toxicity.

Treatment is therefore a balance between killing the cancer cells and sparing the normal cells.
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1.1.1 Doxorubicin

Doxorubicin (Dox), also known as Adriamycin, is an anticancer drug. Dox, shown in figure 3, is used
to treat several cancers including breast, lung, gastric, ovarian, thyroid, non-Hodgkin’s and Hodgkin’s
lymphoma, multiple myeloma, sarcoma, and pediatric cancers.'” There are two proposed mechanisms
of action for Dox. One is the intercalation into DNA, which leads to breaking of DNA or poisoning
of topoisomerase 11,1% 2 which leads to cell death.

0 OH o

OH

O o OH O NH,
o

OH

Figure 3: Structure of Dox.

The other is generation of free radicals.?! Dox can generate free radicals by undergoing a one-electron
reduction to form a DOX-semiquinone radical, doxorubicinol. This radical can be re-oxidized back
to DOX, which leads to the formation of reactive oxygen species (ROS).?? ROS ultimately leads to
cell death. However, the use of Dox is limited due to systemic toxicities, primarily cardiotoxicity and

immunosuppression.t” 2

1.1.2 Gemcitabine

Gemcitabine (Gem), shown in figure 4, is an anticancer nucleoside and an analog of deoxycytidine.?*
It is used intravenously and is active against solid tumors, including colon, lung, pancreatic, breast,
bladder, and ovarian cancers.?® Gem works as an antimetabolite towards NH,
pyrimidine.?®® Gem is formulated as a prodrug and needs to be

phosphorylated by deoxycytidine kinase into its active form, the 5°- X N

triphosphategemcitabine, which is incorporated into the DNA strand, | /K

halting its elongation and causing cell death. Gem has high toxicity and HO

a very short plasma half-life due to rapid metabolizing in the blood, liver ¢}
and kidneys as a consequence of deamination by cytidine deaminase into
the inactive uracil derivative.?” Gem has a hydrophilic nature and cannot

cross cell membranes through passive diffusion.?® OH F

Figure 4: Structure of Gem.
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1.2 Prodrug design

A prodrug is defined as a chemically modified bioreversible derivate of a drug molecule that
undergoes an in vivo transformation, either enzymatic or chemical, to release the active drug.?® The
formulation of a prodrug is an established strategy to improve the physicochemical,
biopharmaceutical or pharmacokinetic properties.®® The drug—promoiety is pharmacologically
inactive and made up of a pharmacologically active drug and a promoiety, as seen in figure 5. The
drug is covalently bound to the promoiety via bioreversible groups that are chemically or
enzymatically labile, such as an ester bond.3!

R |
| 1
li i Enzymatic

! i and/or chemical

| transformation

| 1

7 i

| l
DD —&

b
Barrier
Figure 5: Schematic of prodrug design.3°

Prodrugs make it possible to overcome a variety of barriers to drug formulation and delivery, such
as, poor aqueous solubility, chemical instability, insufficient oral absorption and toxicity.>® Another

advantage of prodrugs is the possibility for improved drug targeting through site specific delivery.*

1.2.1 Enhanced permeability and retention

Tumor tissue has anatomical and pathophysiological abnormalities compared to healthy tissue.®?
When tumor cells reach a size of 2— 3 mm, angiogenesis is induced, to provide more nutrition and
oxygen to the tumor cell.3® The blood vessels in the tumor are irregular in shape, dilated, leaky or

defective, and the endothelial cells are poorly aligned, as illustrated in figure 6.3

Q Drug-containing nanoparticle @
= VEGEF, prostaglandins, nitric oxide, bradykinin @

‘= Cancer cell

Figure 6: Accumulation of nanoparticle in tumor cell through EPR.3%
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Tumor cells also overproduce vascular mediators, such as bradykinin, nitric oxide (NO), vascular
endothelial growth factor (VEGF), etc.®® All these different factors lead to abnormal transport
dynamics, especially for macromolecular drugs.®” This phenomenon was later termed enhanced
permeability and retention (EPR) effect and paved the way for the passive targeting of tumors using
nanosized drugs. EPR-based tumor targeting, requires macromolecular drugs to have longer half-life.
Drugs can therefore be modified with water-soluble polymers such as polyethylene glycol (PEG),
cyclodextrin (CD), etc.® The polymers can further help in site specific delivery. Research has shown
that tissue and cell distribution profiles of anticancer drugs can be controlled by their entrapment, and

thereby increase the antitumor efficacy and reduce systemic side-effects.!2

1.3 Host-guest supramolecular chemistry

J.-M. Lehn, D. J. Cram and C. J. Petersen won the Nobel prize in 1987,% on account of “their
development and application of molecules with highly selective structurespecific interaction, i.e.
molecules that can "recognize™” each other and choose with which other molecules they will form
complexes”.®® Host-Guest systems utilize non-covalent interactions, which include hydrogen-
bonding interactions, n-n stacking, van der Waals forces, hydrophobic/hydrophilic attractions and
electrostatic interactions.* These non-covalent interactions provide an easy approach for building
supramolecular structures. A wide-range of non-covalent supramolecular systems such as vesicles
and nanoparticles has been developed as drug carriers. If designed correctly these may act as vehicle

and be able to target tumor cells, while protecting the drug from degradation.*?

1.3.1 Cyclodextrins

CDs are nanometric biomaterials with supramolecular properties.*! CDs are one among the many host
molecules discovered and utilized for building up supramolecular systems. CDs can enhance apparent
water solubility by forming dynamic, non-covalent, water-soluble inclusion complexes. CDs are a
class of macrocyclic rings composed of a-1,4-glycosidic bond linked oligosaccharides. They are
classified as either natural or derived CDs.*> Most used are CDs containing six, seven or eight glucose
units, commonly known as a-, B-, and y-CDs.*® The internal diameter varies, being 0.57 nm, 0.78nm
and 0.95 nm respectively. CDs generally have a truncated structure, as seen in figure 7, due to the
lack of free rotation around the bonds connecting the glucopyranose units.*®
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Figure 7: Schematic representation of a-CD (left) and B-CD (right).44
The internal cavity of CDs contains only hydrogen atoms and oxygen bridges, while the hydroxyl
groups are forced on the outer edge.*® The exterior is therefore hydrophilic while the interior cavity
is hydrophobic. The hydrophobic region can serve as a reservoir for hydrophobic drugs while the
hydrophilic exterior keeps it from being absorbed by macrophages.!* They have insignificant toxicity
and their improved bioavailability renders them suitable for functional delivery systems.* CDs form
an inclusion complex, often 1:1, through an equilibrium process where the free guest molecules are
in equilibrium with molecules in the complex, as described in equation 1.6 47 The cavity of CDs is
occupied by water in aqueous solutions.*® The occupancy by water is energetically unfavorable, while
the displacement of water is a driving force for the complexation.
Drugsree + CDpree 2DTUG/CDeompiex

Equation 1: equilibrium between free CD and CD complex

CDs are mainly used in the pharmaceutical industry as complexing agents to increase the aqueous
solubility of poorly water-soluble drugs, to increase their bioavailability and stability.*® 4 8-CD is
ideal for this purpose because of its cavity size, efficient drug loading, availability and cost.*> CDs do
not readily cross biological membranes and CD-drug complexes are therefore mostly administered
by injection.*” In 2010 there were 35 different pharmaceutical products containing CDs on the
marked.>® B-CDs are the most studied when it comes to pharmaceutical application,®* however, the
aqueous solubility is low.*> 4 Derivatives of B-CDs with higher aqueous solubility have been
synthesized, such as methyl-B-CD (MBCD), hydroxypropyl-p-CD (HPBCD), and sulfobutylether-p-
CD (SBEBCD). Methyl-derivatives of -CDs are highly soluble, but were found to have strong
systemic toxicity, whereas the two others have the lowest hemolytic effect.>® CDs generally have a
great functionalization capacity®? and the progress within this field has contributed to advancement
in chemotherapy. The development of CD-chemotherapy delivery systems offers the possibility of

more effective treatment with fewer side effects.*?
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1.3.2 CD-Adamantane complex

Among the many hydrophobic or amphiphilic molecules studied as guests in complexation with CDs,
special attention has been given to B-CD complexation with adamantyl.*® Adamantane is a
symmetrical and stable structure. The adamantyl group has a diameter of 7 A.5% In 1989, M. R. Eftink
et al.> determined the thermodynamic parameters for interaction of alicyclic carboxylic acids
(including 3-homoadamantanecarboxylate; adamantanecarboxylate and cyclohexane acetic acid
amongst others) with a- and B-cyclodextrin hosts. The study showed that adamantyl fits tightly in the

B-CD cavity,> as illustrated in figure 8.

Figure 8: Illustration of B-CD complex with adamantyl.5%3
Because of the tight fit, adamantyl and adamantane derivatives form 1:1 inclusion complexes with f3-
CD, normally with an equilibrium constant between 10%-10° M 1.3 % The interior of the cavity of B-
CD is not a smooth cone. H3 and H5 atoms of each glucose residue protrude into the cavity, and
thereby forms a constricted entrance.* This gives way to two different isomeric complexes between
adamantyl derivatives, and B-CD can be formed.>
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2. Thesis statement

The overall concept of this project is to investigate the possibilities of modifying anticancer drugs to
enhance their complexation with CDs. In order to keep the pharmaceutical properties of the drug, a
prodrug will be designed. The formation of the prodrugs will be based on two anticancer drugs; Dox
and Gem. Both these drugs are highly water soluble, which means that they do not complex well with

CDs without modifications.

CD and adamantane is an easily assembled and well demonstrated system.*® Therefore, in order to
enhance complexation between the two drugs and CDs, an adamantyl moiety will be linked to the
drugs. As mentioned earlier, there are different things that need to be considered when designing a
prodrug. In the case of Dox and Gem, they both possess more than one functional group, therefore
the coupling with the linker needs to be chemoselective. An ester bond would be an ideal choice as
it is biodegradable. However, there is an amine present in both molecules and the formation of amide
bonds is favored in conventional carboxylate coupling reactions when both amine and hydroxyl

groups are present.

0 OH 0 NH2
OH
\ N
OH |
HO
N o)
/o 0 OH o} NH, 0
o F
OH
OH F

Figure 9: Structure of Dox (left) and Gem (right).
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3. Theoretical considerations

3.1 Retrosynthesis of Doxorubicin

Dox bears a lot of functional groups such as amine-, ketone-, phenol- and hydroxyl-groups as seen in
figure 9. An ester bond would be ideal, but to facilitate such a reaction, protection of the amine group
before, and deprotection after, the conjugation is required. It is possible but given the multifunctional

structure, it may result in degradation.®” Alternative options will therefore be explored.

3.1.1 Retrosynthesis of (1) via a hydrazine bond

One alternative to the ester bond would be a conjugation between the ketone group in 13" position

on Dox and hydrazine groups of polymeric carriers by forming an acid-labile hydrazine bond.

NH, NH,

+
SH
o o) [¢]
)J\/\/SH i )j\/\/s H2N )j\/\/s
2
HO HO \s \H \s

Figure 10: Retrosynthesis of (1).
3.1.2 Retrosynthesis of (4) via an amide bond
As mentioned, an amide bond is not biodegradable. However, H. Han et al.® demonstrated that a
disulfide carbonate bond could be reduced by glutathione (GSH) and generate a thiol intermediate,

which would release the drug through an intramolecular cyclization.?’

NH,

Figure 11: Retrosynthesis of (4) through an amide bond.



3.2 Retrosynthesis of Gemcitabine

Gem bears both an amine and two hydroxyl groups, as seen in figure 9.

3.2.1 Retrosynthesis of (5) via an ester bond
An ester bond would be ideal and achievable through conventional carboxylate coupling, with the

amine group protected to avoid any unwanted side reactions.

{&W o@: @ )bY@

F F

OH F OH F E;

Figure 12: Retrosynthesis of (5) through ester bond.
3.2.2 Retrosynthesis of (8) via an amide bond
As mentioned, a disulfide carbonate bond could be reduced by GSH, generating a thiol intermediate,
which would release the drug through an intramolecular cyclisation.?”°8 This method would provide
protection of the amine by forming an amide bond and it would eliminate the protection steps taken

in the previous retrosynthesis.

\N \N
(0]
" | /K 7 | /K MS
N ° N ° o g
“ SH
(o]
MSH +
HO

Figure 13: Retrosynthesis of (8) through amide bond.
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3.3 Synthesis strategies and mechanisms

This section covers the considerations made about the individual reaction steps and the associated

mechanisms.

3.3.1 Reactants
3.3.1.1 1-adamantanecarbonyl chloride (7)

1-adamantanecarbonyl chloride can be easily made from 1-adamantanecarboxylic acid by refluxing

it in thionyl chloride or by reacting it with oxalyl chloride and a catalytic amount of DMF.

5D DE

Figure 14: Synthesis of (7).

The electrophilic sulfur atom of thionyl chloride is attacked by the carboxylic acid and eliminates a
chloride ion and forms an unstable electrophilic intermediate. The intermediate is then attacked by
the chloride ion to give tetrahedral intermediate, which collapses to produce the acyl chloride with

sulphur dioxide and hydrogen chloride as gasses. This is illustrated in figure 15.

ow(

HO o.- ”) \ / /'0|
”\C' —» |
0
cl
cl o _o o, _Cy
HCl + SO, 4+ E « HV?‘)\S
0

Figure 15: Reaction mechanism for the formation of (7) by thionyl chloride.

(/)

The reaction mechanism of oxalyl chloride involves the formation of the Vilsmeier Haack reagent,
imidoyl chloride. Imidoyl chloride is the active chlorinating agent, which reacts with 1-adamantane
carboxylic acid to produce 1-adamantanecarbonyl chloride and regenerates DMF. The mechanism

described can be seen in figure 16.
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Figure 16: Reaction mechanism for formation of (7) by oxalyl chloride with DMF catalyst.

3.3.1.2 Chloronation of benzotriazole (9)

Benzotriazoles have a very useful set of properties. It is stable and a good leaving group and
derivatives can easily be prepared.>®

N N
N\ 5% NaOCl AN
/

N N
/ 50 % AcOH

N N
H

cl
Figure 17: Synthesis of (9).

1-chlorobenzotriazole (BtCl) can be prepared by reacting benzotriazole with hypochlorite. Sodium

hypochlorite is inexpensive and a strong oxidizing agent. The mechanism shown in figure 18

resembles the first step of a Weerman degradation.

O e Ly

Figure 18: Mechanism for synthesis (9).
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3.3.2 Doxorubicin
3.3.2.1 Disulphide bond formation (3)

This is an asymmetrical disulphide bond formation reaction. This can be done with the assistance of
BtCl without the need for toxic and/or harsh oxidizing agents.

Figure 19: Asymmetric disulfide bond for the formation of (3).

Hunter et. al.%° designed an effective protocol for the synthesis of unsymmetrical aliphatic—aliphatic
disulfide. The authors proposed this mechanistic cycle, shown in figure 20.
o]

J\/\/SH
HO

Figure 20: Asymmetric disulfide bond schematic.
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The reaction mechanism involves two Sn2 like reactions,®! as shown in figure 21. The nucleophilic

attack from sulfur leads to displacement of chloride and benzotriazole respectively.

Figure 21: Reaction mechanism for synthesis of (3).
3.3.2.2 Amide bond (4)
This reaction relies on the formation of amide bonds being favored in conventional carboxylate

coupling reactions.

o OH o
OH
0
Dox
s
OH
HO g

u

o o OH o N
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[e] [¢]
OH

Figure 22: Formation of (4).
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The carboxylic acid is deprotonated by DIPEA and HBTU to give an O-acylurea and then an O-
benzotriazole (OBt) active ester, which in turn is more reactive. The OBt ester reacts with the amine

to form the amide, as shown in figure 23.

Figure 23: Reaction mechanism for the formation of (4) catalyzed by DIPEA and HBTU.
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3.3.2.3 Hydrazone (2)

Hydrazine, which is more nucleophilic than a regular amine, reacts with the carbonyl to form a

hydrazone.

H
s OH H,NNH S N
\S/\/\n/ 2 2 \SW \NHZ
(0] (0]

Figure 24: Hydrazone formation (2).

The nucleophilic nitrogen from the hydrazine attacks the carbonyl which leads to the elimination of

water and the formation of a hydrazone.
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Figure 25: Reaction mechanism to form (2).
3.3.2.4 Imine formation (1)

The imine is formed when the primary amine reacts with the ketone group in 13" position on Dox.

NH,

OH

Figure 26: Imine formation (1).

Normally, imine formation uses an acid catalyst, to speed up the reaction. However, this reaction is
not catalyzed, due to the unstable nature of Dox. The mechanism shown in figure 27 is therefore

without a catalyst.
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Figure 27: Reaction mechanism for imine formation (1).
3.3.3 Gemcitabine
3.3.3.1 N-Adamantanoylglycine (6)

This is a nucleophilic acyl substitution.

O ClI
(0]
H
(0] N
OH
O
2N\)I\ y———>

Figure 28: Synthesis of (6).

The lone pair on nitrogen will attack the fairly positive carbon atom of the acyl chloride and

eliminate the chloride.

LD J g d g

N

Figure 29: Reaction mechanism for the formation of (6) by nucleophilic acyl substitution.
The hydrogen ion from the nitrogen can either be removed by the chloride ion (as shown in figure
29) or by a glycine molecule.
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3.3.3.2 Protection of Gemcitabine (10) and (11)

The protection of amine group is necessary in order to avoid any unwanted side reactions in the
following reaction steps. This can be done by using di-tert-butyl dicarbonate (boc) as a protecting

group.

NH, NH, NHBoc

N

X
HO ‘ /K HO /K ‘ /K
N N o
o

o O (Boc), © (BOC)z

/o F /O

Boc
Figure 30: Protection of Gem to produce (10) and (11).

This is done in two steps: the first step protects the hydroxyl on position 3°, as shown in figure 31,

and the second protects the amine in 4™ position, as seen in figure 32.

L o U
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I

Figure 31: Boc-protection mechanism to produce (10).
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Figure 32: Boc-protection mechanism to produce (11).
3.3.3.3 Amide bond formation (12)
This reaction leads to an amide bond and is catalyzed by EDC and HOBt.
(o]
S
NH, HNM s
X 0 Y
HO | /K HO)I\/\/S\S o | /K
N [¢] N [¢]
(0] (¢)
F F
/0 F /O F

Figure 33: Formation of (12) through an amide bond.
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The carboxylic acid is activated by EDC. This reaction gives an O-acylurea. HOBt then reacts with
the O-acylurea to give the OBt active ester, which in turn is more reactive. The OBt ester reacts with

the amine to form the amide and HOB is restored. The mechanism can be seen in figure 34.

Q2= O,

_gr\?c>N/\/\N

//N N‘N )
\/\).J\ N\ @[Né)H S\/\)j\ /(\
S//S AL///N s

PN —

O F )J\/\/
-~
Boc S
HN \s

Figure 34: Reaction mechanism for formation of (12), catalysed by EDC and HOBt.
3.3.3.4 Esterification (13)

This is a standard esterification between a hydroxyl group and a carboxylic acid.

NHBoc

SN NHB
oC

0 o) NN

H
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F
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Figure 35: Formation of (13) through esterlflcatlon.
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The addition of a proton makes the carbonyl carbon more electrophile. The nucleophilic oxygen of
the alcohol attacks and gives a tetrahedral intermediate with two hydroxyl groups. One of these

hydroxyl groups is eliminated as water after a proton shift to the ester, as shown in figure 36.
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Figure 36: Reaction mechanism for formation of (13) through esterification.
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3.3.3.5 Deprotection (5)

Boc is an acid labile protecting group and can therefore be removed by TFA, as shown in figure 37.

NHBoc
NH,
0 | SN N
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Boc” OH F

Figure 37: Removal of Boc-protection to give (5).

The tert-butyl carbamate becomes protonated and subsequently becomes carbamic acid through the

loss of the tert-butyl cation. Decarboxylation leads to the free amine, as seen in figure 38.
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Figure 38: Mechanism for boc-deprotection to give (5).
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3.4 Release of the active drugs

3.4.1 Release by GSH

GSH is made up of three amino acids: glutamate, cysteine and glycine, as seen in figure 39. The thiol

in GSH is a reducing agent. GSH can reduce disulfide bonds by serving as an electron donor.

SH
o) o)
H
H,N N\)J\
N OH
H
o}
o) OH

Figure 39: Structure of GSH.

GSH has a large gradient across membranes. The intracellular concentration range from 0.5~10.0
nM/g and extracellular concentration ~2-20 uM/g.%? Furthermore, the concentration of GSH in tumor
tissue is ~ 4 uM/g, which is about 4-fold higher concentrations of GSH than normal tissues where the
concentration is ~1 puM/g.%8 ¢ Two of the four synthesized prodrugs needs GSH to release the active
drug. Figure 40 shows the release mechanism for (4) and figure 41 demonstrates the parallel

mechanism for (8).

M

S
(o] [}

OH

Figure 40: Mechanism for release of Dox from prodrug (4).

The low extracellular concentration of GSH makes it possible for the synthesized prodrugs to remain
stable while in circulation and lead to an accumulation in the tumor tissue, through EPR. Once in the
tumor tissue, the high concentration of GSH will ensure a rapid and efficient release of the active

drug. %

)D\/\/-S-” N,
- \Nv ﬁ\
" )\ e L Yo Py

OH F OH F OH F
Figure 41: Mechanism to release of Gem from prodrug (8)
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3.4.2 Release by hydrolysis

Imines are usually easily hydrolyzed. However, those imines that carry a nitrogen group, such as
hydrazones and semicarbazones, are usually more stable.%® The enhanced stability comes from the
ability to delocalize the imine double bond, which decreases the partial positive charge on the carbon.
This makes them less susceptible to nucleophilic attack. In chemistry, hydrolysis can either be acid

or base catalyzed. Figure 42 shows the acid catalyzed mechanism

OH

H
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< \’I/\/\s/ o oH : OH 0 oH 0
o ®
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Figure 42: Mechanism for hydrolysis of Imine bond to release Dox from prodrug (1).

Ester bonds can be broken down in the body by esterase (hydrolase enzyme), which splits esters into
acids and alcohols. The hydrolysis mechanism can either be acid or base catalyzed. The difference
between the two mechanisms is the nucleophile. In the base catalyzed mechanism, shown in figure

43, HO  is the nucleophile whereas in the acid catalyzed the nucleophile is water.
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Figure 43: Hydrolysis with basic catalyst to release Gem from prodrug (5).
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Figure 44 shows the acid catalyzed mechanism. The carbonyl oxygen is protonated, making the

carbonyl carbon more electrophilic: this is necessary because of the low nucleophilicity of water.

Figure 44: Hydrolysis with acidic catalyst to release Gem from prodrug (5).
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4. Materials and methods

4.1 General

'H-NMR spectrums were taken on a Bruker DRX600 spectrometer. Reference peaks were set for:
CHCl3 (7.26 ppm), DMSO (2.5 ppm), MeOH (3.31 ppm), H20 (4.79 ppm) or DMF (8.03 ppm) during
processing.®® TLC were performed on ALUGRAM SIL G/UV2s4 with 0.2 mm silica gel (Macherey-
Nagel, Diren Germany), unless otherwise stated. Automated chromatographic column separation
was performed on a Grace reveleris, Grace Davison Discovery science. Separation columns used
were Grace Reveleris, Grace Davison Discovery science. Isothermal titration calorimetry

measurements were carried out on a Malvern MicroCal PEAQ-ITC Automated.

4.1.1 Chemicals

Solvents (Sigma-Aldrich, Germany) used were of HPLC-quality, except for when performing TLC
where technical solvents were considered adequate. Dry DCM and THF were bought and used as is.
Reagents that were not synthesized during this thesis, were bought. 1-adamantane carboxylic acid
99%, l-adamantanethiol, benzotriazole, DCC, di-tert-butyl dicarbonate (Boc), DMAP, EDC,
hydrazine monohydrate, HOBt, Na>SO4 anhydrous, and thiourea were bought from Sigma-Aldrich
(Steinheim, Germany). 4-mercaptobutyric acid technical grade and Gemcitabine were bought from
Fluorochem (UK). Glycin was bought from Merck (Darmstadt, Germany), while Doxorubicin was
bought from Molekular. For Isothermal titration calorimetry CD, HPBCD and MBCD were from
Wacker Chemie AG (Brughausen, Germany) and SBEBCD from ligand pharmaceuticals (USA).
Dextran-BCD was previously synthesized®’ and kindly given by Thorbjarn T. Nielsen.
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4.2 Synthesis of reactants

4.2.1 1-adamantanecarbonyl chloride (7)
4.2.1.1 From thionyl chloride

Adapted from literature.%®

O, OH 0. cl

socl,
—_—

1-adamantanecarboxylic acid (6 g, 33 mmol) was dissolved in thionyl
chloride (30 mL). The mixture was stirred under reflux for 4 h, and the excess thionyl chloride was
evaporated under reduced pressure, to yield (7A) as an off-white powder (5.40 g, 81.76 %). The
product was used without further purification. *H NMR (CDCls): 2.14 (6H, m), 2.06 (3H, m), 1.75
(1H, m), 1.67 (4H), 1.60 (1H, m).

4.2.1.1 From oxalyl chloride

Adapted from literature.5®

0, OH 0O, Cl
Cl (0]

(¢) Cl
Cat. DMF

1-adamantanecarboxylic acid (3.0 g, 16 mmol) was dissolved in DCM (10
mL) and oxalyl chloride (3 mL, 19 mmol) was added slowly. A DMF
solution was prepared by diluting DMF (5 dr.) in DCM (40 mL). DMF solution (3 dr.) was added and
the solution was left to stir until the bubbles subsided. The solvents were evaporated under reduced
pressure to yield (7B) as an off-white powder (2.08 g, 62.27 %). The product was used without further
purification. 'H NMR (CDCls): 2.14 (6H, m), 2.07 (3H, m), 1.75 (1H, m), 1.68 (4H), 1.60 (1H, m).

4.2.2 1-chlorobenzotriazole (9)

Adapted from literature.”

N, s \,
N/ N/
" \

Cl

A 5% NaOClI solution (commercial bleach, 128 mL, 96
mmol) was added dropwise to a solution of benzotriazole
(9.6 g, 80 mmol) in 50% AcOH (38.4 mL) with stirring. After the addition was complete, the solution
was stirred for 2 h, filtered and the precipitate washed with water (0.5 L) until the washings were
neutral. The solid was dried in vacuo to give (9) 1-chlorobenzotriazole (11.22 g, 91.15 %) *H NMR
(CDCl3): 6 8.10 (1H, dt, J=8.32, 0.88 Hz) 7.62 (1H, m) 7.46 (1H, m).
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4.3 Synthesis of Doxorubicin prodrug

4.3.1 3-(((3s,5s,7s)-adamantan-1-yl)disulfaneyl)butanoic acid (3)

Adapted from literature.®°

SH
N 0 N
@ N HOJ\/\/SH Oi N @ 0 /@
 ——— / oy —=— HOMS\S

(9) (0.61 g, 4 mmol) and benzotriazole (0.24 g, 2 mmol) was dissolved DCM (20 mL) under argon.
A solution of 4-mercaptobutyric acid (0.21 g, 2 mmol) in DCM (2 mL) was slowly added. After 10
min., a solution of thiourea (0.46 g, 6 mmol) in dry THF (5 mL) was added and the solution stirred
for 10 min. 1-adamantanethiol (0.50 g, 3 mmol) in DCM (2 mL) was added slowly and the solution
stirred for 18 h. The solvent was evaporated under reduced pressure and the crude material was loaded
on to celite and purified column chromatography using DCM: MeOH mixture (0-25 %) to afford (3)
(0.34 g, 59.64 %). *H NMR (CDCls) § 2.00-2.05 (4H, p, J=6.16 Hz), 2.08-2.12 (7H, p, J=7.23 Hz),
2.44-2.49 (8H, m, J=6.16 Hz), 2.70-2.74 (2H, t, J=7.23 HZz), 2.90-2.93 (2H, t, J=7.23 Hz).

4.3.2 4-(((3s,5s,7s)-adamantan-1-yl)disulfaneyl)-N-(3-hydroxy-2-methyl-6-(3,5,12 trihydroxy-3-(2-
hydroxyacetyl)-10-methoxy-6,11-dioxo-1,2,3,4,6,11-hexalhydrotetracen-1-yl)tetrahydro-2H-pyran-4-
yl)butanamide (4)

Adapted from literature.”

O O‘O‘
)J\/\/ =
s Qk
HO g

Q T
Dox (50 mg, 0.09 mmol) was suspended in dry DCM (10 mL). (3) (25 mg, 0.09 mmol) and HBTU
(115 mg, 0.30 mmol) were dissolved in dry DCM (20 mL) and added slowly to the reaction mixture.
DIPEA (100 mg, 0.77mmol) was added to the reaction mixture. The mixture was stirred for 3 h under
argon. Water (50 mL) was added and the crude product was extracted with DCM (3 x 50 mL). The
solvent was evaporated under reduced pressure and the crude product was purified by
chromatography using DCM: MeOH (0-50 %) to afford (4) (10.5 mg, 14.87 %). *H NMR (CD30D):
6 8.01 (1H, d, J=7.46 Hz), 7.86 (1H, t, J=9.09 Hz), 7.60 (1H, d, J=8.37 Hz), 5.44 (1H, m), 5.22 (1H,

m), 4.06 (3H, s), 3.64 (4H, m), 3.16 (1H, m), 3.02 (2H, d, J=4.45 Hz), 2.99 (3H, s), 2.48 (2H, m),
2.29 (1H, m), 1.73 (6H, m), 1.31 (8H, m), 1.18 (4H, m), 0.90 (2H, m).
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4.3.3 3-(((3s,5s,7s)-adamantan-1-yl)disulfaneyl)propanehydrazine (2)

Adapted from literature.”

H
S oH H,NNH S N
\S/\/\”/ 2 2 \SW \NH2
0] (0]

(3) (26 mg, 0.09 mmol) was dissolved in DMF (10 mL) at rt. HOBt (14 mg, 0.11 mmol) was added
in one portion followed by EDC (20 mg 0.11 mmol). The mixture was stirred at rt, and the reaction
progress was monitored by TLC until all of the acid was converted to the activated ester/amide
mixture. The resulting mixture was then slowly added to a solution of hydrazine (9 mg, 0.18 mmol)
in DMF (2 mL) while the temperature was maintained at rt. The reaction was complete upon the
completion of addition. Water (40 mL) was added. The aqueous DMF mixture was extracted with
EtOAc followed by a carbonate wash of the organic layer to remove HOBt. Removal of the solvents
under reduced pressure yielded (2) (31.0 mg, < 100 %)". *H NMR (CDCls): § 2.69 (2H, t, J=7.88 Hz),
2.28 (2H t, J=7.88 Hz), 2.06 (9H, m) 1.67 (6H, m).

4.3.4 4-(((1s,3R)-adamantan-1-yl)disulfaneyl)-N-((E(-1((2S,4S)-4-(((2R,4S,5R,6S)-1-amino-5-hydroxy-
6-methyltetrahydro-2H-pyran-2-yl)oxy)-2,5,12-trihydroxy-7-methyoxy-6,11-dioxo-1,2,3,4,6,11-
hexalhydrotetracen-2-yl)-2-hydroxyethylidene)butanehydrazide (1)

Adapted from literature.”

H
N S
o OH N \”/\/\S/
OH
Dox o
OH
/O O OH (0] NH,

o}
OH

(2) (28 mg, 0.09 mmol) and Dox-HCI (48 mg, 0.083 mmol) were dissolved in MeOH (5 mL), covered
in foil and stirred at rt. for 12 days. The reaction was followed by a reversed-phase TLC. After this
period, the solvent was evaporated and the residue was chromatographed on a reverse phase column
(MeOH: H,0 = 3:1, containing 3 % w/v ammonium acetate) to give (1) (10.6 mg, 15.52 %). *H NMR
(CDs0OD): 6 8.04 (2H, d, J=8.64 Hz), 7.87 (2H, t, J=8.13 Hz), 7.60 (2H, d, J=8.64 Hz), 5.49 (1H, m),
4.62 (2H, dd, J=23.39, 14.12Hz), 4.19 (1H, d, J=7.06 Hz), 4.04 (3H, s) 3.66 (1H, m) 3.62 (1H, m),
3.53 (1H, m) 3.37 (1H, m), 2.50 (2H, t, J=6.80 Hz), 2.45 (2h, t, J=7.38 Hz), 2.29 (2H, m) 2.02 (4H,
m), 1.80 (6H, m) 1.76-1.64 (5H, m), 1.59 (2H, m), 1.31 (3H, d, J=6.5 Hz).

"High yield due to residue of DMF.
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4.4 Synthesis of Gemcitabine prodrug

4.4.1 N-Adamantanoylglycine (6)
Adapted from literature.”

O+ ~ClI

Glycine (0.15 g, 2 mmol) was partly dissolved in DMF (10 mL) and 4M ag. NaOH were successively
added to obtain a pH~11. (7) (0.2 g, 1 mmol) was dissolved in DMF (5 mL) and added in five portions
over 45 min while maintaining pH~11. Stirring was continued for 2h at rt. The solvent was
concentrated under reduced pressure. The residue was extracted with EtOAc (5 x 20 mL) and
evaporated under reduced pressure to yield (6) as a white powder (0.19 g, 79.37 %). *H NMR (DMF-
d7): 6 8.79 (m), 3.49 (m), 2.08 (m), 1,28 (m), 1.09 (m), 0.89 (m).

4.4.2 3'-O-(tert-Butoxycarbonyl) gemcitabine (10)
Adapted from literature.’™
(Boc),

NH, NH,
A N ‘ AN N
HO ‘ /K HO /K
N e} N o)
(o) o)
—_—

F F

OH F

Boc

To a stirred mixture of Gemcitabine (0.50 g, 1.66 mmol) and K.COs (1.15 g, 8.33 mmol) in dioxane
(20 mL) and water (5 mL) was added (Boc).O (0.36 g, 1.65 mmol), and the resulting mixture stirred
at rt. for 48 h. After water (5 mL) was added, the mixture was extracted with of EtOAc (2 x 30 mL).
The organic extracts were washed with water (5 mL) and brine (5 mL), dried over Na SO, and
concentrated to dryness under reduced pressure to give (10) (0.46 g, 73.10 %). *H NMR ((CD3)2S0>):
d 7.64 (1H, d, J=7.43 Hz), 7.43 (1H, d, J=13.86 Hz), 6.22 (1H, t, J=9.41 Hz), 5.81 (1H, d, J=7.43
Hz), 4.15 (1H, m) 3.74 (1H, m) 3.65 (1H, m), 1.45 (9H, ).
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4.4.3 (5-(4-(4-(((1Ss,3s)-adamantan-1-yl)disulfaneyl)butanamido)-2-oxopyrimidin-1(2H)-yl)-4,4-
difluoro-2-(hydroxymethyl)tetrahydrofuran-3-yl tert butylcarbonate (12)

Adapted from literature.”

S
NH, HN)}\/\/ \S
X o @ XN
HO | /K HOJ]\/\/S\S HO | /K
N [e] N o
O. 0.
F F

/O F /0 F

Boc Boc

A mixture of (3) (40 mg, 0.144 mmol), EDC (50 mg, 0.267 mmol), and HOBt (36 mg, 0.267 mmol)
in dry DCM (10 mL) was stirred for 0.5 h. A solution of (10) (50 mg, 0.132 mmol) in DCM (5 mL)

was added, and then the resulting mixture was stirred at rt. overnight. The organic layer was washed

with brine (3 x 10 mL), dried over anhydrous Na2SOs, and concentrated under reduced pressure. The
residue was purified by the column chromatography with DCM: MeOH (0-10 %) to give the product
(12) (27.2 mg, 18.52 % yield). '"H NMR (CDCls): & 7.58 (1H, d, J=9.20 Hz), 6.27 (1H, m), 5.89 (1H,
d, J=8.26 Hz), 4.14 (1H, m), 4.08 (1H d, J=12.56) 3.84 (2H, dd, J=9.11, 2.83 Hz), 2.11 (2H, m), 1.92
(2H, m), 1.70 (3H, m), 1.53 (4H, m), 1.52 (14H, m), 1.28 (3H, m), 0.87 (2H, m).

4.4.4 4-(((1S,3s)-adamantan-1-yl)disulfaneyl)-N-(1-(2R,4R,5R)-3,3-difluoro-4-hydroxy-5-
(hydroxymethyl)tetrahydrofuran-2-yl)-2oxo-1,2-dihydropyrimidin-4-yl)butanamide (8)
Adapted from literature.”

o g % § / 0 S % f/
s
HN)J\/\/S\S HN)j\/\/ s
TFA
—_—
X X

N N

CL (L

N [¢]
[o) 0.

F F

o F OH F

(12) (27 mg, 0.04 mmol) was treated with TFA solution (4 mL — 3:1 TFA: DCM). After 24 h the
solvent was evaporated under reduced pressure to yield (13) as a white solid (22.8 mg, 99.60 %). H
NMR (CD30D): § 8.21 (1H, d, J=7.82 Hz), 6.20 (1H, dd, J=4.94, 4.61 Hz), 6.11 (1H, d, J=7.82 Hz),
4.31 (1H, m), 3.98 (1H, m), 3.82 (2H, dd, J=9.62, 3.81 Hz), 2.37 (2H, t, J=7.31 Hz), 2.29 (2H, t,
J=7.27 Hz), 1.31 (3H, m), 1.21 (2H, m), 1.14 (2H, t, J=7.34 Hz), 0.91 (2H, t, J=7.25 Hz).
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4.4.5 4-N-3'-O-Bis(tert-Butoxycarbonyl) Gemcitabine (11)
4.4.5.1 From Gemcitabine

Adapted from literature.”

NH, NHBoc
)
HO /J\ (Boch o /g
N (0]
0]
F F
OH F /O F
Boc

To a stirred mixture of Gemcitabine (0.24 g, 0.8 mmol) and NaCO3 (0.55 g, 4.0 mmol) in dioxane
(10 mL) and water (2 mL) was added (Boc).0 (0.35 g, 1.6 mmol), and the resulting mixture was
stirred at rt for 48 h. Water (2 mL) was added and the mixture was extracted with EtOAc (2 x 30 mL).
The organic extracts were washed with water (5 mL) and brine (5 mL), dried over Na SO, and
concentrated to dryness under reduced pressure to give (11) (0.14 g, 37.95 %).H NMR ((CD3)2S05):
6 8.10 (1H, d, J=7.58 Hz), 7.09 (1H, d, J=7.51 Hz), 6.27 (1H, t, J=9.33 Hz), 5.32 (1H, d, J=4.96 Hz),
4.23 (1H, m) 3.77 (1H, m) 3.68 (1H, m), 1.47 (9H, s) 1.46 (9H, s).

4.4.5.2 From (10)

Adapted from literature.”

NH, NHBoc

)

HO /I\ (Boo) 1o /g
N7 o
0

F F

O F O F
Boc/ Boc/

To a stirred solution of (10) (73 mg, 0.2 mmol) in anhydrous dioxane (8 mL) was added (Boc).O
(0.436 g, 2 mmol). The reaction mixture was stirred at rt. for 24 h. Na,COz (5 eq.) was added and the
mixture stirred for an additional 24 h. Water (2 mL) was added and the mixture was extracted with
EtOAc (2 x 30 mL). The organic extracts were washed with water (5 mL) and brine (5 mL) and dried
over Na>SOs, and concentrated to dryness under reduced pressure to give (11) (70.2 mg, 73.12 %).
'H NMR ((CD3)2S02): § 8.09 (1H, d, J=6.97 Hz), 7.08 (1H, d, J=8.22 Hz), 6.27 (1H, t, J=8.82 Hz),
5.31 (1H, t, J=6.30 Hz), 4.23 (1H, m) 3.77 (1H, m) 3.67 (1H, m), 1.46 (9H, s) 1.45 (9H, s).
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4.4.6 ((2R,3R,5R)-5-(4-((tert-butoxycarbonyl)amino)-2-oxopyrimidin-1(2H)-yl)-3- ((tert-
butoxycarbonyl)oxy)-4,4-difluoro-5-methyltetrahydrofuran-2-yl)methyl ((3R,5R,7R)-adamentane-1-
carbonyl)glycinate (13)

Adapted from literature.”

NHBoc

HO | /K NHBoc

o o N (6]
OH\)J\ B o} SN
o O F (0] |/g
Boc~ N N o)
> H (0]
© F

O F
Boc/

(6) (0.23 g, 1.0 mmol), DCC (0.20 g, 1.0 mmol), and DMAP (12.2 mg, 0.10 mmol) were allowed to
react with (11) (0.447 g, 1.0 mmol) in DMF (10 mL). The reaction mixture was stirred at rt. for 24 h

and monitored by TLC. After 24 h, the solvent was evaporated under reduced pressure at 50-55 °C.

The residue was dissolved in ethyl acetate (30 mL) and washed with water (2 x 20 mL), saturated
NaHCOs3 (2 x 20 mL), and brine (1 x 20 mL). The organic layer was dried over NaSOs and
concentrated in vacuo to yield (13) as an oil (21.3 mg, 24.21 %). *H NMR (CDCls): § 7.92 (1H, d,
J=7.51 Hz), 7.58 (1H, m), 6.36 (1H, t, J=7.76 Hz) 4.18 (2H, m), 4.05 (2H, d, J=12.22 Hz), 3.87 (2H,
d, J=12.22 Hz), 1.93 (5H, m), 1.71 (4H, tt, J=13.86, 3.75 Hz), 1.51 (18H, m) 1.32 (4H, m), 1.11 (2H,

m).

4.4.7 ((2R,3R,5R)-5-(4-amino-2-oxopyrimidin-1(2H)-yl)-4,4,-difluoro-3-3hydroxy-5-
methyltetrahydrofuran-2-carbonyl)glycinate (5)

Adapted from literature.”

NHBoc NH;

(13) was treated with TFA solution (4 mL — 3:1 TFA: DCM). After 24 h the solvent was evaporated
under reduced pressure to yield (5) as a white solid (15.02 mg, 99.01 %). 'H NMR (CD3sOD): § 8.12
(1H, d, J=8.13 Hz), 6.21 (1H, m), 6.06 (1H, d, J=8.12 Hz), 4.30 (1H, m), 3.96 (2H, m), 3.81 (2H, dd,
J=9.56, 3.20 Hz), 3.47 (1H, m), 1.87 (4H, dd, J=9.91, 3.30 Hz), 1.73 (1H, dt, J=13.89, 4.02 Hz) 1.37
(3H, m), 1.21 (2H, m), 1.14 (2H, m), 0.92 (2H, t, J=7.52 Hz).
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5. Results and discussion

This section covers the experimental results and observations. It will

challenges arose and how they were resolved.

5.1 Synthesis of reagents

5.1.1 1-adamantanecarbonyl chloride (7)

(0] OH
1-adamantanecarbonyl chloride is commercially available, but it is
just as easy to synthesize. This can be done in different ways. The socl,
E—
first method tried was refluxing of 1-adamantanecarboxylic acid in
thionyl chloride. This reaction afforded (7A), *H NMR shown in
figure 45, in ~ 80 % yield.
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Figure 45: 'H NMR of (7A) synthesized from thionyl chloride.
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Due to challenges in a later reaction, another method of synthesis (7) was tried. Thionyl chloride was

switched for oxalyl chloride. 1-adamantane carboxylic acid was dissolved in DCM and 1.1 eq. oxalyl

° or © " chloride was added to the mixture, followed by a catalytic amount of

Cl\ni DMF. The addition of DMF caused the reaction to form bubbles
r e (CO, COz and HCI). This reaction yielded (7B), 'H NMR shown in
Cat. DMF

figure 46, in ~ 60 %. Comparing the two reactions, it is clear that the
yield is better when using thionyl chloride. However, the yield of 7B could probably be improved by
using more than 1.1 eq. oxalyl chloride. It should be noted that oxalyl chloride is more expensive than
thionyl chloride which makes this synthesis less favorable in larger scale reactions.”® However, it is
worth noting that oxalyl chloride overall has a better success rate than thionyl chloride.
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Figure 46: 'H NMR of (7B) synthesized from oxalyl chloride.
5.1.2 1-chlorobenzotriazole (9)
N N
The chlorinated version of benzotriazole is fairly N\ 5% NaOCl N\
N———F—"——"> N
. . 50 % AcOH
expensive compared to the unchlorinated. The N/ °Ae N/
. . . H
synthesis was quite easy and straight forward. \

Benzotriazole was dissolved in AcOH and upon adding the hypochlorite solution, precipitation
started. It yielded ~ 90 % and no further purification was done. *H NMR can be seen in figure 47.
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Figure 47: *H NMR of (9).

5.2 Synthesis of Dox prodrugs

5.2.1 Disulfide bond formation (3)

T
3.0

25 2.0

This reaction has been carried out twice, both attempts with 0.25 g 4-mercaptobutanoic acid. The first

attempt was carried out under inert condition at -78 °C while adding in reactants. The temperature

was allowed to rise to rt. overnight. The reaction was followed by TLC. It gave around 0.6 g crude

product. For the second attempt, the reaction was carried under inert condition at rt. This attempt gave

around 1.5 g crude product.

The crude product was only dissolvable in MeOH. Therefore, it was loaded on to celite and purified

by column chromatography using a DCM: MeOH gradient. TLC was performed an all fractions

(stained using KMnOg). The following fractions were put together and evaporated.
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Fraction Weight Product
First attempt

5-7 31.5mg 4-((1H-benzotriazol-1-yl)thio)butanoic acid &
1-((adamantane-1-ylthiol)-1H-benzotriazole

8-17 114.4 mg Benzotriazole or 1-chlorobenzotriazole

21-23 13.0 mg Benzotriazole or 1-chlorobenzotriazole

27-35 59.4 mg 1-((adamantane-1-yl)thiol)-1H-benzotriazole

45-49 10.7 mg 4-((adamantan-1-yl)disulfaneyl)butanoic acid

Second attempt

2-10 143.3 mg 4-((adamantan-1-yl)disulfaneyl)butanoic acid

15-23 170.4 mg 4-((adamantan-1-yl)disulfaneyl)butanoic acid

29-36 22.1 mg 4-((adamantan-1-yl)disulfaneyl)butanoic acid

40-56 580.8 mg 1-((adamantane-1-yl)thiol)-1H-benzotriazole
60-91 327.5 mg Adamantanethiole

Table 1: Fractions collected.

'H NMRs were taken and analysed. The first attempt yielded ~1.5 % and the second attempt ~ 56 %
(3). *H NMR can be seen in figure 48.
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Figure 48: 'H NMR of fraction 45-49, (3).
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5.2.2 Amide bond formation (4)

The reaction was first tried in small scale (50 mg), which went smoothly and yielded 0.13 g crude

product. As seen in figure 49, the product needed purification. Looking at the structure of (4), it is

quite easy to see that it is a polar molecule, which can complicate the purification.

O O‘O‘
)J\/\/ =
s Qk
HO g

~°

g

The preferred method for purification was column chromatography and a significant amount of time

was therefore put in to finding a good solvent system for the purification. Given the structure of the

product, reverse phase was considered. However, it was decided to see if the product could be purified

using normal phase.
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Figure 49: 'H NMR of (4) before purification.
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TLCs were made with different solvents systems (DCM: MeOH, CH3CN: MeOH and heptane:
MeOH) in different ratios. In the end, it was decided to use DCM: MeOH (0-35 %) as solvents. The
product was dissolved in MeOH and loaded onto celite. TLCs were made of the collected fractions
and combined accordingly. However, none contained the product, as seen on *H NMR (see appendix).
It was therefore decided to flush the column with MeOH to see if it would be possible to get the

product out. This was successful, as shown on the *H NMR in figure 50.
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Figure 50: 'H NMR of (4) flushed out of column by MeOH
However, as seen above, the product was less pure after purification than before. The purification
was therefore repeated. The crude product was dissolved in MeOH and loaded on celite and purified
by column chromatography with DCM: MeOH (0-50 %) as solvents. Fractions were collected and
combined accordingly to give (4) in 14.87 % yield. A *H NMR of the purified product can be seen in
figure 51.

53



600

550

500

450

400

350

300

250

200

150

100

50

o} OH 0
17 9
32 EE 1|2 13 CEgH 1 OH
‘5/ ﬁﬁ/ \Wﬁ/ \*q\\_T/ \1|[[;/ N~ /
[
36‘\.\\}34/33\27/21\15/11\ 19 ||
¢ 7 I,‘
AN | i f
o] | O | OH O\ /5\ /NH /41 44\ S. - 14 /
7 |31 22 20 9, 46 47 /] ; / / /
WSy [ oy o Sf N N /11
o 3 o 4856 |50,%°
1 \2/ \OH 42 \‘43‘ 55/
8 /
Chy [
Water
19
38
‘ 13 43',48,50,52,53,56
\ 49
32 35 |3 PR |||‘ | s o 51,55 »
o T i Li T iy L L | s e =T
2 5 88 8 ] & = & a8 =5 B IREE g
T T T T T T T T T T T T T T T T
5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0
f1 (ppm)
Figure 51: 'H NMR of (4) after purification.

The overall yield of the reaction was poor. Judging by the reaction, this is due to the method of

purification (alternative purification will be discussed in section 5). However, the product seemed

pure, judging by *H NMR and therefore ready to be used for ITC. Before the ITC experiments were

set up, LC-MS measurement was made of the product. 1 mg was partly dissolved in MeOH (10 mL).

100 pL was placed in a vial and measured. By LC-MS standards, the product did not seem pure. The

LC-MS data can be seen in the appendix.

5.2.3 Hydrazone (2)

First the solvability of the (3) were tested. It was not dissolvable in acetonitrile, so the reaction was
carried out in DMF. (3) was dissolved in DMF and reacted with HOBt and EDC in order to produce

the activated ester/amide mixture. The reaction was followed by TLC and took around one hour

before the reaction was judged complete.

H
S OH H,NNH S N
\S/\/\”/ 2 2 \SW \NH2
] 0]
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Hydrazine monohydrate was dissolved in DMF and the activated ester/amide mixture was slowly
added. A TLC was taken immediately after the completion of addition, and it indicated a complete
reaction. For good measure, the reaction was stirred for an additional two hours. Water was added
and the aqueous DMF mixture was extracted with ethyl acetate. The organic phase was washed with
a carbonate solution to remove 1-hydroxybenzotriazole. The solvent was evaporated under reduced
pressure and yielded (2) in <100 %. The high yield is due to DMF residue as seen in figure 52. The

yield is therefore not representative, but the reaction goes in quantitative yields in general.
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Figure 52: 'H NMR of (2).
5.2.4 Imine formation (1)
(2) and Dox were dissolved in MeOH (5 mL) and stirred for 12 days, while covered in foil to keep
the light out. The reaction was followed by reversed-phase TLC. A *H NMR was taken, and as seen

OH
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in figure 53, it was not pure. Different TLC solvents were tried in order to get a good rf value. The

best system found was 3:1 MeOH: H20 with 3 % w/v ammonium acetate. This gave an rf ~0.1. The

product was therefore purified by reverse phase column with this solvent system.
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Figure 53: *H NMR of (1) before purification.

Both Dox and product has a clear red color and can therefore easily be seen. Fractions were collected

and combined. The solvents were evaporated under reduced pressure. Getting an NMR of each

fraction proved challenging as they all precipitated once placed on the spectrometer. A sample was

prepared by dissolving a very small amount of fraction 63-70 in CD3OD. This proved to be working

and gave a *H NMR of the product which can be seen in figure 54. The reaction yielded (1) (10.6 mg,

15 %).
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Figure 54: 'H NMR of (1) after purification

Because of the low yield, the reaction was tried again. Two other experiments were set up, with

varying temperatures. The reactions were followed by TLC.

Name Reactant Temperature Time Crude Yield
Reaction A Dox rt 288h 86% 15%
Reaction B Dox 35°C 48h 102 % -
Reaction C Dox 45 °C 72h 170% -

Table 2: Overview of reaction time and yield for Imine formation, (1).

In order to compare all three reactions, the last two reactions were purified as well, using the same
solvents system as for reaction A. The product from reaction C was purified first. However, this did
not go as smoothly as anticipated for reaction C. Once the crude from reaction C was placed on the
column it did not move. Hoping that this was due to air in the solvent wires, the same method was
tried again without luck. The ammonium acetate concentration was increased to 10 % v/w. This
however, made no difference. The solvent system was switched for acetonitrile and water with 10 %
v/w ammonium acetate. This solvents system made some of the compound move, but not the product.

In a last attempt, acetonitrile and MeOH was used as a solvent system. The product, did not move.
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The only way left to retrieve the product would be to saw the column in half and try to extract the
product with preferably MeOH: other possibilities could be DMF or DMSO. However, given that it
was not crucial for the further work, the product was therefore considered “lost”. Due to the trouble
purifying and retrieving reaction C, it was decided to attempt purification of reaction B by normal
phase. A lot of effort was therefore made to find a solvents system that could work. TLCs were made
using DCM: MeOH, CH3CN: MeOH and heptane: MeOH. The separation was not as good as on
reverse phase, but DCM: MeOH gave the best result. Reaction B was only dissolvable in MeOH and
was therefore placed on celite and purified by column chromatography. However, of the fractions
collected from the purification, none contained the product. All this points to the same thing: the
method of purification was not ideal, and in most, cases not effective. Both normal phase and reverse
phase were tried and both fell short (alternative purification will be discussed in section 5). However,
the product seemed pure, judging by *H NMR and therefore ready to be used for ITC. Before the ITC
experiments were set up, LC-MS measurement was made of the product isolated from reaction A. 1
mg was partly dissolved in MeOH (10 mL). 100 pL was placed in a vial and measured. By LC-MS

standards, the product did not seem pure. The LC-MS data can be seen in the appendix.

5.3 Synthesis of Gemcitabine prodrugs

5.3.1 N-Adamantanoylglycine (6)
The reaction in itself is quite simple, however it proved to be a challenge. The first attempt was carried
out in a mixture of water, dioxane and 4M NaOH aqg. The first problem was keeping the pH level

within range (9-11). Upon adding the first portion of (7A — synthesized from thionyl chloride)

dissolved in dioxane the pH reached 13 and O _ClI
0
. . . ’

remained there for the duration of the reaction. o. N \)J\
The reaction was followed on TLC (stained o OH
with ninhydrin) which did not indicate a HZN\)J\OH N
product forming. After stirring for 0.5 h, the dioxane, water

4M NaOH aq.

reaction was quenched. Water was added to

the solution and precipitation began immediately. The precipitate was filtered of and washed with
water till neutral. The reaction yielded 34 %. However, the *H NMR did not show sign of glycine
being present in the product. The signal from the CHz in glycine would be expected around 3.9 ppm.
The spectrum of 1-adamantanecarbonyl chloride, shown in figure 55, is almost identical to that of 1-

adamantanecarbonyl chloride shown in figure 45.
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Figure 55: 'H NMR of, what should have been, 1-adamantanoylglycine.

Two additional reactions, identical to the first, were carried out. One stirring for 1h and the other for
Oy .o 24h.Both produced results similar to the first attempt. In an
OZ N\)I\OH attempt to keep the pH within range, a more diluted mixture

[0}

HN\)I\
2 OH — >
D

- of (7A) was made and less 4M NaOH was added. However,

this did nothing to prevent the pH from reaching 13. This
reaction showed similar results to the first attempt. Another method was therefore tried. 3 eq. of
glycine was dissolved in DMF and a bit of water and 1 eq. of (7A) was added, and the reaction was
left to stir for 6 days. This did not produce the product either. The NMR was practically identical to
the spectrum shown in figure 44. The conclusion was, therefore, that there could be a problem with
(7A). Hence, (7B) made from oxalyl chloride was used in the following attempts. The first method
tried with (7B) was identical to the first attempt with (7A). Similar problems arose and no product
was indicated on TLC. The second attempt with (7B) was carried out in DMF with NaxCOs as a base.
The reaction indicated no product. The last attempt was carried out with (7B) in DMF with 4M NaOH
and NaxCOsas bases. Within 10 min of addition of (7B) the pH level dropped from 11 to 9. This was
the first indication of product. The reaction was monitored closely by TLC (stained with ninhydrin).

The mixture was filtered, and TLC was made of the isolated powder and the filtrated. Both powder
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and filtrate indicated a present of glycine. However, the spot for the filtrate had a yellow color,
indicating a secondary amine and the filtrate was therefore evaporated under reduced pressure to
produce a white residue. The residue was dissolved in a small amount of water and a bit of DMF and
extracted with ethyl acetate. The organic phase was evaporated to produce the product, which 1

believed to be the (6), as fine white powder in small yield (15.32 %).

Reactant Solvent Time Yield

1-adamantane carbonyl chloride”  Water, dioxane, 4M NaOH ag. 0.5h -

1-adamantane carbonyl chloride”  Water, dioxane, 4M NaOH ag. 1h -
1-adamantane carbonyl chloride”  Water, dioxane, 4M NaOH ag. 24 h -
1-adamantane carbonyl chloride”  DMF 24 h -
1-adamantane carbonyl chloride™  Water, dioxane, 4M NaOH ag. 24 h -
1-adamantane carbonyl chloride™ DMF, Na,CO3 4M NaOH ag. 2h 15.32%
1-adamantane carbonyl chloride™  DMF, 4M NaOH aq. 2h 59.89 %
1-adamantane carbonyl chloride™  DMF, 4M NaOH aq. 2h 82.60%

Table 3: Overview of reaction conditions and yields.

Getting a decent *H NMR was not easy at all. The product did not dissolve easily and even when it
seemed it did ((CD3)2SO, DO, CD3;0D) the 'H NMR came back as either solvents or with only
signals from glycine without trace of adamantyl or the other way around. To get an idea of whether
it was the product or not the reaction to produce (12) was carried out and this paid off, as seen later
in figure 62. It was therefore decided to see if a representative *H NMR could be obtained by
dissolving the product in DMF. However, not much of the product (10 mg sample) dissolved and the

!H NMR obtained was not that good, as shown in figure 56. It was not possible to obtain a better one.

ff.Carried out with 7A
" Carried out with 7B
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Figure 56: 1H NMR of (6)
In order to get an easier workup and to see if the yield could be improved, a new synthesis was carried
out. Glycine (2 eq.) was dissolved in DMF and the solution was made basic (pH ~ 11) with 4M NaOH
ag. (7B) was added in small portions and the pH level was monitored. The reaction was followed on
TLC (stained with ninhydrin). After 2h the reaction was judged complete and the DMF/water mixture
was extracted with ethyl acetate. The organic phases were combined and the solvent evaporated under
reduced pressure to produce (6) in 59.89 % yield. An identical reaction was carried out with (7A) to
yield 82.6 %.
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5.3.2 Protection of Gemcitabine (10)

The protection of Gem was not as straightforward as assumed. When using Na.COs as a base and

letting the reaction stir at rt. for 48 h, the yield of the reaction was 40 %.

NH, NH,
‘ \ N ‘ \ N
HO /K HO /K
N e} N ¢}
© (Boc), ©
R
F F
OH F O F

Boc

However, by looking at the *H NMR below (figure 57), it seems there are two boc-groups present,

given the two almost identical peaks around 1.47 ppm. This indicates that the reaction leads to a

double protection and gives (11), instead of (10).
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Figure 57: 'H NMR of (11) catalyzed by Na2COs.
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To see if the yield of the reaction could be improved, Na>COz was switched for KoCOz. All other

conditions were kept the same and (10) was obtained in 73 % vyield.
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Figure 58: 'H NMR of (10) catalyzed by K2COs.

5.3.3 Second protection of Gemcitabine (11)

The protection of Gem with Na,COz yielded (11) as described in section 4.2.2. A reaction using 2 eq.
of boc was carried out. The reaction was followed on TLC (stained with KMnQa). The reaction
yielded 37.95 %, which was lower than the first attempt. No further attempts were made to improve
the yield of this reaction. The *H NMR of the product is shown in figure 59.

NH, NHBoc
| Y | X\
HO /K HO /K
N ¢} N e}
0 (Boc), ©
—_—
F F
OH F /O F
Boc
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Figure 59: 'H NMR of (11).

An attempt to produce (11) from (10) was made. (10) and (Boc).0 was dissolved in dioxane and left

to stir at rt. and the reaction was followed by TLC
(stained with KMnOQOgy). After 70 h there was no
change and the solvent was evaporated under
reduced pressure. The reaction conditions were
therefore change before attempting the synthesis

once again. (10) and (Boc).O were dissolved in

NH, NHBoc
AN N AN N
Ho ‘ /K Ho ‘ /K
N o N o
O (Boc), 0
-

F

O

/

F

o)

/

Boc Boc

dioxane and left to stir at rt. for 24h before adding Na,COs (5 eq.) as a base; the reaction was stirred

NH,
\N
HO ‘ /K
N [¢]
0.

Boc

F

(Boc)y
—_—
Na,CO,

NHBoc

Ny
HO ‘ /K
N [0}
O

F

for another 24 h. The reaction was followed on TLC
(stained with KMnOg). After 72 h there was no
reactant left, according to the TLC taken. The
solvent was evaporated under reduced pressure to
yield a white residue. The reaction yielded (11) in
73.12 %. A *H NMR was taken, which can be seen
in figure 60.
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Figure 60: 'H NMR of (11).

Comparing to two ways of synthesizing (11), it is clear that a higher yield (overall ~ 60 %) is obtained

when the protection is carried out in two steps. However, that procedure combined takes 5 days,

whereas the reaction using Na.COs and one reaction takes 2 days. The preferable method depends on

which molecule one wish to attain. If the goal is (11), then the method using Na.COs is preferable

despite the overall difference in yield (~ 20 %).

5.3.4 Amide bond to obtain (12)

This reaction was simple and straightforward. (3), EDC and HOBt was dissolved in dry DCM. (10)

was added and the solution stirred overnight. The organic layer was washed with brine and dried over

NH,

sodium sulphate. The
J\/\/ solvent
HN S\S

was

evaporated under
| i j\/\/g /%7 | Sy reduced  pressure.
.
HO. /K Ho s HO. /K .
N ° N ° Time was spend
0. 0.
£ 7 finding an optimal

Boc

solvent system for
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the purification. Different solvents were tried, but DCM: MeOH gave the best separation. The residue
was purified by the column chromatography with DCM-MeOH (0-35 %). The product (12) was
isolated across two fractions and yielded 18.52 %. Looking at the purification (which can be seen in
the appendix), it is not the best separation made. The yield of the reaction is poor and some may be

due to the purification (alternative purification will be discussed in section 5).
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Figure 61: *H NMR of (12) after purification.

5.3.5 Deprotection to (8)

A small-scale experiment was carried out before any purification of (12) was done. This was in order
to find the optimal amount of time and TFA concentration needed for complete deprotection, while

not risking decomposing the molecule.

DD

o F OH F

66



A TFA solution was made with a 3:2 TFA to DCM. 0.05 g (12) was dissolved in TFA (6 mL) solution
and the deprotection was followed on TLC (stained with ninhydrin) for a total of 24 h. The TLC
showed no sign of (12) after 4 h and after 24 h there were no sign of the molecule decomposing. It
was therefore safe to go ahead and deprotect the purified (12). This was done by placing (12) in the
TFA solution under stirring for ~ 4 h. The reaction was followed on TLC to make sure all was
deprotected. The TFA solution was evaporated under reduced pressure to yield (8) a yellow/brown

oil. The product needed no further purification, as seen on figure 62.
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Figure 62: 'H NMR of (8).

LC-MS measurement was made of the product. 1 mg was dissolved in MeOH (10 mL). 100 pL was
placed in a vial and measured. By LC-MS standards, the product did not seem pure. The LC-MS data

can be seen in the appendix.
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5.3.6 Esterification to obtain (13)
This reaction was straightforward. (6), DCC and DMAP were dissolved in DMF. (11) was added
and the solution turned light pink, and right thereafter, yellow which stayed.
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The solution was stirred for 24 h. The solvent was evaporated under reduced pressure to give a yellow
substance, which was then dissolved in ethyl acetate. The organic phase was washed with water,
saturated sodium bicarbonate and brine, and dried over Na>SOs. The solvent was evaporated under

reduced pressure to yield a brownish oil.
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Figure 63: 'H NMR of (13) before purification.

To make sure it would be possible to purify the molecule by column chromatography, different
solvents were tried and tested and in the end DCM: MeOH seemed to give the best separation.
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Different ratios were tried (20:1, 4:1, 3:1, 2:1 and 1:1) and the best rf was obtained with 20:1 ratio.
The product was purified by column chromatography using DCM: MeOH (0-20 %). The product was
isolated in across two fractions. One of the *H NMR is shown in figure 64. The product was obtained
as a clear oil (21.3 mg, 24.21 %). The purification did not give the best separation (as can be seen in
the appendix). The yield of the reaction is poor and some may be due to the purification (alternative

purification will be discussed in section 5).

HCY i L1000

46, 47 48

200

3 100

=]

L7
1365 2=

<
T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0
f1 (ppm)

| nasos
H=

Figure 64: 'H NMR of (13) after purification.

5.3.7 Deprotection to (5)
A small-scale trail was set up before any purification of (13) was done. This was to test the
concentration of TFA and the time needed for complete deprotection without the molecule

decomposing.
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A TFA solution was made with a 3:2 TFA to DCM. 0.05 g was dissolved in TFA (6 mL) solution and
the deprotection was follow on TLC (stained with ninhydrin) for a total of 24 h. The TLC showed no
sign of (13) after 4 h and after 24 h there were no sign of the molecule decomposing. It was therefore
safe to go ahead and deprotect the purified (13). This was done by placing (13) in the TFA solution
under stirring for ~ 4 h. The reaction was followed on TLC to make sure all was deprotected. The

TFA solution was evaporated under reduced pressure to yield (5) as white powder.
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Figure 65: 'H NMR of (5).
LC-MS measurement was made of the product. 1 mg was dissolved in MeOH (2 mL). 100 pL was
placed in a vial and measured. By LC-MS standards, the product did not seem pure. The LC-MS data

can be seen in the appendix.
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6. Column purification

All purifications of Dox and Gem containing products were problematic and seemed to cause poor
overall yields. Dox prodrugs were purified using both normal phase and reverse phase, whereas the

Gem prodrugs were purified using only normal phase.

6.1 Normal phase purification

Normal phase chromatography is based on hydrophilic molecules adsorption on to a polar stationary
phase. Normal phase silica consists of tetrahedral crosslinked polymers of SiO4. The silanol groups,
as seen in figure 66, gives the polar adsorption properties. This means that the least polar
(hydrophobic) compounds elute firstand the most polar (hydrophilic) compounds elute last.””
Therefore, (13) eluted first and the unreacted and more polar structure (11) was kept back by the
column. Same is true for structure (12) which is far less polar than that of

o) o]
structure (10). However, the purification was not good. The products, (12) \ \

Si 0] Si OH

and (13), eluted straight through indicating that the solvent system might

have been too polar. This being said, a less polar solvent system was not

O
O

an option as the product would not move on TLC when tested. Purification Sj— O——Si—OH
of both Dox prodrugs, (1) and (4), were also attempted using normal phase

O
O

chromatography. When attempted on (1) it failed and neither product nor

reactant was eluted. However, normal phase purification worked on (4). It /Si ° /Si OH
gave poor yields, but the product was purified. o o

Figure 66: Structure of normal phase silica.”8

6.2 Reverse phase purification

In reverse phase, hydrophobic molecules are adsorbed onto hydrophobic stationary phase. Reverse

0 phase silica contains less polar or non-polar functional groups such
/ '—O—S'AH/\ as C18, as shown in figure 67. In this system, the most polar
0\ compounds elute first and the nonpolar last. This was thought to
/S'—O—S'/\(V)/\ be ideal for the Dox prodrug (1). A C18 column was used with a
O\ high protic solvent system (water: MeOH). Water is the “weakest”
/S'_O_S'/\M/\ as it is the most polar and repels hydrophobic molecules onto the

stationary phase.’”® Decreasing the polarity by adding more

i : ili 78 .. . .
Figure 67: Reverse phase silica. methanol reduces the hydrophobic interaction and results in

desorption. The molecules are, eluted in order of increasing hydrophobicity making the Dox product
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(1) elute last. However, this succeeded only once and in poor yield. The second time, it failed all

together.

6.3 Alternative purification

In hindsight, neither normal phase silanol nor reverse phase C18 was ideal. Luckily, there are a lot of
different columns available and one of these may be the answer to the purification problem. The silica

in these specialized columns have been “end-capped” with a °

functional group, as seen in figure 68. For silica, these include /S‘_o_/Si/\Mn/\FG

amino-, cyano- and diol functionalized. Both cyano-

N\
functionalized and amino-functionalized silica can be used in /S‘_O_/Si/\Mn/\FG
o

normal and reverse phase.?’ Both Cyano- and amino- 0

functionalized silica can be used to separate moderately polar Si—o—\Si/\Mn/\FG
compounds in reverse phase and polar compounds normal o/ o/

phase. Amino-functionalized silica also has the ability to act  Figure 68: Functionalized silica.
as a proton donor. and generally®! Cyano-functionalized silica ~ FG=-NH». CN. etc.”®

has been shown to separate a wide range of drug compounds using DCM, THF, CH3:CN, hexane and
water acetonitrile, n-hexane, and water.82 These two systems could therefore be a good alternative for
purification of both Dox and Gem containing products. However, none of these were tried as we did
not have TLC plates that match the systems. This would mean that it would be trial and error trying

to purify the product, which is not ideal.
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7. Complexation with cyclodextrin

7.1 Isothermal titration calorimetry

Isothermal titration calorimetry (ITC) is used to measure interactions between ligands and host. All
it requires is a measurable change in enthalpy (AH). ITC can calculate free energy (AG), entropy (AS),
dissociation constant (Kp), and stoichiometry (n) of binding. It does so by measuring changes in

temperature upon interaction, in this case, the interaction between the synthesized prodrugs and CDs,

as shown in figure 69.

CD Drug 1:1 drug-CD complex
Figure 69: Equilibrium between CDtee and CDcomplex.**
If the interaction is exothermic (AH<O), the ITC uses less energy to heat the cell compared to the
reference cell, whereas if it is an endothermic (AH>0) interaction, the ITC uses more energy to heat
the cell compared to the reference cell. The raw data obtained shows the difference in power supplied

to the two cells and look like figure 70.
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Figure 70:Typical date obtained from ITC measurement. Heat vs. time (left) and heat change pr.
injection with curve fitting (right).83

From the data AG and AS can be calculated.
AG = —RTInK, = AH — TAS

Equation 2: Gibbs free energy.
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Ka is known as the association constant, opposite the dissociation constant (Kp), which is used to
evaluate the strengths of the interaction. The smaller the Kp value, the greater the binding affinity
meaning that a very small amount of drug will dissociate from the CD, as shown by equation 3.
_ [Drug]free [CD]free _ l
b [Drug/CD]complex KA

Equation 3: Association constant (Ka) and dissociation constant (Kp).

The shape and position of the curve shown in figure 70 depends on multiple factors. The enthalpy
affects the interception with the y-axis, the stoichiometry has an impact on the position of the
inflection point and the shape of the curve depends on the unitless parameter C (also called the
Wiseman C-parameter). C is influenced by the binding constant, concentration and stoichiometry and

is given by:

C = KXMxn

Equation 4: Parameter C, given by K (binding constant), M (total macromolecule concentration in
the cell at the start of the experiment) and n (stoichiometry).

When C is too high, the curvature in the binding isotherms for binding systems with varying K-values,
will no longer appear unique. Likewise, when C is too low, the isotherms become too flat to be

distinguishable. Ideally C should be somewhere above 10 (better if above 50) and below 3000.84

7.2 B-CD

As mentioned previously, adamantane and B-CD have a tight fit and it was therefore decided to test
how the modified prodrugs would complex with native B-CD and B-CD derivatives. Four 3-CD
derivatives were chosen for the ITC measurements; 2-hydroxypropyl-p-CD (HP), methyl-B-CD (M),
sulfobutylether-B-CD (SBE) and dextran-B-CD (DBCD). Looking at the chosen B-CD from a
pharmaceutical point of view neither native 3-CD or MBCD are ideal candidates as native BCD has
low water solubility and MBCDs has strong systemic toxicity as mentioned earlier. Both SBEBCD
and HPBCD have the lowest hemolytic effect and would therefore be good candidates. The hope is
therefore that the binding affinity is higher for SBEBCD and HPBCD than native B-CD.

7.3 Complexation of Dox products

Solutions were made of each of the two synthesized Dox prodrugs (1) and (4). 2 mg were partly
dissolved in water (150 ml). In order to get all the compound dissolved, both were placed in an
ultrasonic bath for 5 min. and hereafter left to stir at 44°C overnight. This was enough for the

remainder of the product to dissolve. The concentration of the solution came to 0.0161 mM for (1)
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and 0.0164 mM for (4), which is low and not optimal for the ITC measurements. Therefore, solutions
of the B-CDs were made in 1ImM and 0.5mM. Measurements were carried out at 25 °C to ensure that
the prodrugs. (1) formed complexes with all tested B-CDs (at 1 mM) except HPBCD, whereas (4)
only formed complex with one B-CD derivative. Examples of the resulting data from the ITC

measurement can be seen in figure 71 and 72.
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Figure 71: ITC raw data (left) and Wiseman plot (right) of native §-CD and (1).
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Figure 72: ITC raw data (left) and Wiseman plot (right) of native SBEBCD and (4).

The plots in general, are not the best, as the experiments were carried out with a low C parameter due

to low concentration of prodrugs. Because of the poor fit it is justifiable to set the number of sites n=1

on condition that the data do not systematically deviate, examples can be seen in figure 73.
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Figure 73: Wiseman plot with N=1 for native BCD and (1)(right) and SBEBCD and (4) (left)
All values seemed to improve upon fixating n=1. The reduced 2 did not change significantly. Kp got
lower and the uncertainty attached to each value got smaller. AG remained approximately the same
while AH and -TAS got less negative. These values were therefore judged to be valid and an overview

of these can be seen in table 4.

Compound n Ka (M) AH (Kcal/mol) -TAS (Kcal/mol)
(1)-pCD1 1 58480 -1.02 -5.49
(1)-MBCD1 1 84746 -0.424 6.30
(1)-SBEBCD1 1 3802 -9.79 4.90
(1)-DpCD1 1 86957 -1.20 -5.54
(1)-DBCDO.5 1 160772 -0.852 -6.25
(4-SBEBCD1 1 1422 -24.3 20

Table 4: Overview of measurements from ITC for (1) and (4).

Figure 74 illustrates the binding affinities for complexes between prodrug (1) and the different B-
CDs. The higher the Kavalue, the greater the binding affinity and from figure 74 it is clear to see that

(1)-DBCD  has the greatest Association constant for prodrug 1
binding affinity. Both native 70000
(1)-BCD and (1)-MBCD have 60000
high Ka wvalues > 55000 _ 20000

£ 40000
Kcal/mol. (1)-SBEBCD and =

g 30000
(4)-SBEBCD can be found in 20000
the lower end. 10000

||

BCD MBCD SBEBCD DBCD
E1lmM m0.5mM

Figure 74: Column diagram of Ka.
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7.4 Complexation of Gem products

2 mg of (5) was partly dissolved in water (100 ml). In order to get all the compound dissolved, it was
placed in an ultrasonic bath for 5 min. and hereafter left to stir at 40°C. for 24 h. Unfortunately, the
product did not dissolve completely. Because of this, it would not be possible to calculate an accurate
concentration and the ITC measurement would not give useful results. It was therefore decided not
to test the product any further. Prodrug (8) dissolved quite easily as 2 mg was dissolved in water (15
ml) giving a concentration of 0.251 mM. Solutions of the B-CDs were made in 5 and 2 mM. The
measurements were carried out at 25 °C, as these were carried out along with measurements of (1)
and (4). Both concentrations seemed to high as the curves indicated an almost complete saturation
upon the first addition for all except HPBCD. The data from these measurements are therefore not
reliable. New measurements were carried out with a concentration of BCD ~ ImM. The plots in
general, are not great as the C parameter is rather low. This makes the fitting difficult and because of
the poor fit it is justifiable to set the number of sites n=1, however most of the data set systematically
deviated and so these fits were discarded (can be seen in appendix).

Compound n Ka (M) AH (Kcal/mol)  -TAS (Kcal/mol)
(8)-BCD5 0.00183 27173 -80.0 74.0
(8)-pCD2 0.00182 50000 -80.0 73.6
(8)-pCD1 0.00173 81301 -80.0 73.3
(8)-MBCD5 0.0012 12361 -80.0 74.4
(8)-MBCD2 0.001 43860 -71.5 65.1
(8)-MpCD1 0.001 123762 -714.2 67.2
(8)-HPBCD5 2.22 4386 -0.256 -4.71
(8)-HPBCD2 0.0011 39841 -80.0 73.7
(8)-SBEBCD5 0.032 1767 -80.0 75.6
(8)-SBEBCD2 0.0084 5882 -80.0 74.9
(8)-SBEBCD1  0.0023 25773 -80.0 74.0
(8)-DBCD5 0.0026 23670 -80.0 74.0
(8)-DBCD2 0.0025 50000 -80.0 73.6
(8)-DBCD1 0.0026 60606 -80.0 73.5

Table 5: Overview of data obtained from ITC measurements of product (8) and 3-CDs).
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In order to better show the difference in binding affinity, the Kp values were converted to Ka values
as seen in figure 75. To illustrate the difference between the different concentrations Ka values

Associaltion constant for prodrug 8 obtained  from  the
140000 experiment with 5 mM
120000 and 2 mM are shown as
100000 .
_ well. It is clear to see
2 80000
= that MPBCD has the
o 60000
N4 ..
40000 greatest affinity
20000 I I I followed by native BCD
0 N m— — and DBCD. Neither
BCD MBCD HPBCD SBEBCD DBCD

HPBCD nor SBEBCD

E1lmM 2mM m5mM . . ..
bind with great affinity.
Figure 75: Column diagram of Ka.  Apart from binding affinity, the ITC also gave AG, AH and
AS, as shown in figure 76. All experiments showed a negative AG, as shown in table 5, which
indicates that all complex formations are spontaneous. Another way to see this is to look at AS and
AH. If AS> 0 and AH < 0 it is a spontaneous process, = ‘

which is the case for almost all the investigated Gof -

complexes; native PCD, MBCD, SBERCD and DBCD. “
In the case of HPBCD where AS < 0 and AH < 0, the 204

0

process will be spontaneous at low temperatures and

(kcal/mol)

non-spontaneous at high temperatures. Generally it is

-20-4

possible to assess which non-covalent interactions are
involved by looking at AH and AS. Van der Waals

40+

60+

interactions are entropy driven ( | AH | > | TAS | ) with

-804

minor entropies (favourable or unfavourable) while
hydrophobic interactions are entropy driven (| AH|<|TAS|) Figure 76: AG, 4H and 4S.
with small enthalpies.®® The numeric difference between AH and -TAS are too small to make an

assessment.
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8. Conclusion

The overall aim was to investigate the possibilities of modifying Gem and Dox with adamantane to
enhance complexation with cyclodextrins. There were some unforeseen issues along the way,
however most were overcome. The synthesis of the two Gemcitabine prodrugs caused a lot of
difficulty and made it necessary to find alternative methods of synthesis. The protection of Gem was
the first issue and the overall yield ended up around 53 %. The synthesis of N-adamantanoylglycine
was challenging and a variety of methods were employed and ended up yielding around 60-80 %.
The two prodrugs were obtained in ~ 15-20 mg. The synthesis of the two Doxorubicin prodrugs were
fairly straight forward. The reactions went in quite good vyields with 4-((adamantan-1-
yl)disulfaneyl)butanoic acid having the lowest yield of 56 %. The most difficulty was the purification
of the final two products and the probable cause of the low yield. The two prodrugs were obtained in

~10 mg.

When it came time for the ITC measurements, the modified drugs had to be dissolved in water. This
was not easy, but in the end three out of four were dissolved and ITC measurements were carried out
on all three with five different B-CDs.

Prodrug (4) only showed an affinity for SBEBCD whereas prodrug (1) had affinity for four and (8)
for all of the BCDs tested. The ITC measurements showed that the synthesized prodrugs generally
have a high affinity for native CD as well as MBCD and DCD.
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9. Further work

The purification (1) and (4) was not ideal and products were lost in the process. Should one want to
synthesis these molecules again, it is worth looking into alternative columns that would suit the
molecules better. The same goes for (10) and (13) which had some of the same difficulty as the Dox

prodrugs.

Looking beyond the synthesis and with the products in hand, it should be tested if the release
mechanism, as proposed in section 2.5, works as intended. Assuming that it works as planned, it
would be interesting to study the release rate of the prodrug from the CD complex. This is an aspect
this study did not touch on and it would give an indication as to whether or not these prodrug designs

are adequate. If not, new modifications could be made.
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11. Appendix

11.1 1-adamantanecarbonyl chloride (7)

11.1.1. From thionyl chloride

=] =] =] [=] =] =] =] [=] [=] [=] =] =] =] =] [=] [=]
[=] [=] [=] [=] [=] =] [=] [=] [=] [=] [=] [=] [=] [=] [=] =] I=]
(=1 L (=} w [=] w (=} w (=} L (=1 w (=1 w o [=} (T3]
. . . . . . r. v . ¥ . . ¢ ¢ T, ¢, PP,
L 2
~
L v
- -~
- o = Feo0
—_— ad = B
= = Fsvo [
~ L=
|
| — - 650 | ™
i ~§ ]
- F
3 |
™~
L=
™
L w
™
Lo
=+
.
£
(=%
=%
s
et
L2
wy
LW
wy
L <
w
L w
\r=}
L <
r~
[=3] n— _—
T o
=
[ ©n
/ ~
// %N
. -
o\
o _ T
"“"--kn— =
= =2}

IH NMR (CDCls): & 2.14 (6H, m), 2.06 (3H, m), 1.75 (1H, m), 1.67 (4H), 1.60 (1H, m).
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11.1.2 From oxalyl chloride
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IH NMR (CDCls): & 2.14 (6H, m), 2.07 (3H, m), 1.75 (1H, m), 1.68 (4H), 1.60 (1H, m).
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11.2 1-chlorobenzotriazole (9)
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IH NMR (CDCls): § 8.10 (1H, dt, J=0.88, 8.32 Hz) 7.62 (1H, m) 7.46 (1H, m).
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11.3 3-(((3s,5s,7s)-adamantan-1-yl)disulfaneyl)butanoic acid (3)

11.3.1 First attempt - purification

Method MName:

RE VELER’S Run Name: 2017-01-11_10-33-19mbh04

Chromatography Sy Run Date: 2017-01-11 10:45

Colum: Reveletis® Silica 40g Slope Detection: Off Collection Mode: Collect Peaks ELSD Carrier: Iso-propanal

Flow Rate: 40 mlfmin EL3D Threshold: 5 mV Per-Vial Volume: 7 mL Jolvent A: Methylene chlond
Equilibration: 7.1 min UV Threshold: 0.02 AU Non-Peaks: 8.5 mL Solvent B: Methanol
Run Length: 30.5 min UV1 Wavelength: 254 nm Irjection Type: Dry Solvent C: <No solvent chose
Air Purge Time: 1 min UVI Wavelength: 280 nm Solvent D: <No solvent chose
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11.3.2 First attempt - after purification
IH NMR fraction 5-7
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'H NMR (CDCls): § 7.92 (1H, m), 7.47 (3H, m), 2.99 (m), 2.92 (m), 2.69 (M), 2.49-2.43 (m), 2.14-
1.97 (m), 1.85 (m), 1.68 (m), 1.29 (m), 1.23 (m).
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IH NMR fraction 8-17
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'H NMR (CDCls): §7.91 (1H), 7.48 (3H, m).
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IH NMR fraction 21-23
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IH NMR fraction 27-35
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IH NMR (CDCls): §7.94 (m), 7.47 (m), 2.06 (m), 1.85 (m), 1.66 (m), 1.25 (m).
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IH NMR fraction 45-49
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IH NMR (CDCls): & 2.92 (2H, t, J=7.17 Hz), 2.48 (2H, m), 2.10 (p, J=7.34 Hz), 2.03 (1H, p,
J=7.47Hz).
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11.3.3 Second attempt - purification

Method Name:

{ —REVE‘ ER’S A Run Name: 2017-01-18_13-00-01mb04a

Flast: Chromatography System Run Date: 2017-01-18 13:08

Column: Reveleris® Silica 40g Slope Detection: Off Collection Mode: Collect Peaks ELSD Carrier: Iso-propanol
Flow Rate: 40 mL/min ELSD Threshold; 5 mV Per-Vial Volume: 5 mL Solvent A: Methylene chlonid
Equilibration: 7.1 min UV Threshold: 0.02 AU Non-Peaks: 8.5 mL Solvent B: Methanol
Run Length: 38.0 min UV1 Wavelength: 254 nm Injection Type: Dry Solvent C: <No solvent chose
Air Purge Time: 1 min UV2 Wavelength: 280 nm Solvent D: <No solvent chose
Mlisoventx Mierso Mun luv
2 1 ..3%B 55 B9 __ 87 104
| | & U fite) 2
1500 ——T T — - 2.00
1200 f f —H—t +— 1.60
< [ | [ [ Il | |l : 2
E 300 ' AB 1.20 s
= | [ l I (A [ ) z
g T LY | TS
w ' /
300 | | A H &» { A;AE-l e SIS < 0.40
0 AB, L __AB' L*'—" == y_—,;l]\_;_ |V 0.00
Tray: 1
0 4 8 12 16 20 24 28 32 36
Time (min)
1-4019 Gradient Table

Min [Solvents|% 2nd

0000000
80888660
w9 =" @00

00 AB 0
5.1 AB 4
40 AB 4
239 AB 25
0.1 AB 25
49 AB 100

O U WD

Vial Mapping Table

@De0S89e pots

Start Tray-Vial |End Tray Vial

1 12 13

2 14 1:12
3 1:13 1:15
4 1:16 125
5 126 1:28
6 1:29 1:39
7 1:40 1:59
8 1.60 1:65
9 1:66 194
10 1.95 1:104

Pagel



11.3.4 Second attempt — after purification

H NMR Fraction 2-10
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IH NMR (CDCls): 8 2.69 (2H, t, J=6.86 Hz), 2.44 (2H, t, J=7.24 Hz), 2.07 (6H, m), 2.0 (3H, m), 1.94
(2H, d, J=3 Hz), 1.92 (1H, t, J=2.68 Hz) 1.68 (4H, m), 1.42 (1H, s).
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H NMR Fraction 15-23
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7.10 Hz), 2.50 (2H, t, J=7.10 Hz), 2.08-2.06 (12H, m), 1.67 (4H,

'H NMR (CDCls): § 2.70 (2H, t, J

m).
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1H NMR Fraction 29-36
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IH NMR (CDCls):  2.71 (2H, m), 2.50 (2H, m), 2.10 (6H, m), 2.01(3H, m) 1.93, 1.94 (2H, m), 1.92
(1H, m), 1.69 (4H, m).
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IH NMR Fraction 40-56
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IH NMR (CDCls): § 7.94 (m), 7.47 (m), 2.75 (t, J=7.65 Hz), 2.55 (t, J=7.22 Hz), 2.16 (s), 2.06 (M)

1.85 1.67 (m), 1.24 (m).




H NMR Fraction 60-91
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IH NMR (CDsOD): § 2.09, 1.89 (m), 1.74 (m).

Water
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11.4 4-(((3s,5s,7s)-adamantan-1-yl)disulfaneyl)-N-(3-hydroxy-2-methyl-6-(3,5,12
trihydroxy-3-(2-hydroxyacetyl)-10-methoxy-6,11-dioxo-1,2,3,4,6,11-
hexalhydrotetracen-1-yl)tetrahydro-2H-pyran-4-yl)butanamide (4)

11.4.1 Before purification
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IH NMR (CDsOD): § 8.04 (1H, d, J=8.42 Hz), 7.88 (1H, t, J=8.73 Hz), 7.62 (1H, d, J=7.61 Hz), 5.44
(1H, m), 5.18 (1H, m), 4.04 (2H, s), 3.64 (3H, s) 3.45 (1H, m), 3.17 (3H, m), 2.70 (2H, t, J=7.05 Hz),
2.44 (2H, t, J=7.47 Hz), 1.97-1.86 (6H, m), 1.83-1.69 (11H, m), 1.34-1.27 (5H, m).
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11.4.2 First attempt - purification

REVELERIS
PREP

Method Name:

Run Name: MFB/2017-05-01_10-14-25 mbl1

Run Date: 2017-05-01 10:27

Cohamn: Revelens® Silica 40g Solvent A: Methylene chlonde UV Threshold: 0.05 AU ELSD Threshold: 20 mV
Flow Rate: 40 mL min Solvent B: Methanol UV Sensitivity: Low ELSD Sensitivity: Low
Equilibration: 7.1 min Solvent C: Empty UV1 Wavelength: 234 nm Collection: Collect Peaks
Run Length: 39.3 min Solvent D: Empty UV2 Wavelength: 265 nm Per-Vial Volume: 25 mL
Mode: Flash Dry Slope Detection: Off UV3 Wavelength: 280 nm Non-Peak Volume: 25 mL
B sotvent% Mietso Euvi luvz Buv:
5 | r 2| % | 38 ] L 45 147
e I IR BEEL 1 T T =0
1040 [ H— P | - — — 040
g ‘ | [ |1 1) | || 1 [ || [ 2
@ 520 i1 AB _.4020 5
o I\ ‘ if ‘ I || | E lag || | ]+
| ——
259 4|| H-H it hi! ( i AR e T 0.10
M‘ AAB U N S ‘
S ot ==l v o s e T e e Y )
Tray ‘- 1
0 4 8 12 16 20 24 28 32 36
Time (min) FLOW RATE ALTERED
1-F333 Gradient Table
Mmn |Solvents % 2nd
- , 1 0.0 AB 0
\ : y. 2 1.0 AB 0
‘ 3 21 AB 1
1 jeee AETEE
= e 5 42 AB 3
6 28 AB 3
7 12.7 AB 10
8 04 AB 10
‘IILYL |54 |
‘ 10 05 AB 21
11 0.1 AB 21
12 49 AB 29
: 13 0.5 AB 29
B eIk
135 0.3 AB 40
. . . .‘ Vial Mapping Table
Peak = |Start Tray:Vial |End Tray:Vial
1 1:2 1:3
2 1:4 1:5
00000 1B BE
: - 1:7 1:8
5 1:9 1:9
6 1:10 1:36
§ 7 1:37 1:40
0-000 |
‘XTI -
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11.4.3 First attempt — after purification

IH NMR fraction 9-29
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!H NMR (CD3OD): § 4.59 (1H, s), 4.22 (1H, s), 4.07 (1H, m), 3.68 (2H, m), 3.20 (1H, m), 3.13
(1H, s), 2.97 (2H, s), 2.83 (1H, s), 1.35 (8H, m).
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IH NMR fraction 30-38
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IH NMR (CDz0D): & 4.60 (1H, s), 4.07 (1H, m), 3.66 (1H, g, J=4.98 Hz), 3.48 (1H, t, J=4.93 Hz),
3.44 (1H, p, J=4.98 Hz), 1.92 (1H, s), 1.33-1.29 (1H, m).
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IH NMR fraction 39-52
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IH NMR (CDs0D): § 7.71-7.67 (1H, m), 7.30-7.25 (1H, m), 4.60 (1H, s), 3.44 (0.3H, p, J=1.68 Hz),
3.21 (0.4H, p, J=1.68 Hz), 1.93 (1H, 5), 1.43-1.28 (2H, m), 1.24 (0.3H, s), 1.17 (0.3H, d, J=6.32 Hz),
0.92 (1H, t, J=7.10 Hz)
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11.4.4 First attempt — flushed through

REVELERIS ... "
Run Name: MFB/2017-05-05_11-55-50 mb11 flush
m Run Date: 2017-05-05 12:05

Cohunn: Fevelens® Silica 40g Solvent A: Methylene chlonde UV Threshold: 0.02 AU

ELSD Threshold: 5 mV

Flow Rate: 40 mL 'min Solvent B: Methanol UV Sensitivity: Low ELSD Sensitivity: Low
Equilibration: 5.0 CV Solvent C: Empty UV1 Wavelength: 254 nm Collection: Collect Peaks
Fun Length: 204 CV Solvent D: Empty UV2 Wavelength: 265 nm Per-Vial Volume: 7 mL
Mode: Flash Liquid Slope Detection: Off UV3 Wavelength: 280 nm Non-Peak Volume: 8.5 mL
B soivent% MeELsp B uvi Euv2 B uvs
100 | I - I — 0.50
80 | | | - 0.40
> 60 ' L1 ~ a8 030 5
§ I 1 g’
w40 | | i 0.20 :D"
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20 " P i B 0.10
0 p= - ——— 0.00
Tray: 1
0 4 8 12 16 20
Column Volumes (CV) FLOW RATE ALTERED
1-4019 Gradient Table
CV  |Solvents | % 2nd
( JCICCCC ) EEAE
2 09 AB 5
( JCCICC () Al B Il I
4 17.7 AB 100

0000000

Vial Mapping Table

O O O O O O O Peak # |Start Tray:Vial

End Tray:Vial

(JCCCICC I ) —

1:2

1:35

(CCCICCC )
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(JCCCICC I )
0000000
CCCICICICIC )
0000000
000000600
0000000
0000000
0000000

Page 1

105



11.4.5 First attempt — after flush trough

i : g g 7
e ﬂ -
—_— ™~
"""-u._\_\_‘_\__\‘
N~ i
"‘“-H-Hq_\ .
""H-\.._\_\_\_ | =
“-_____H ™M
T B
_ S—1
K -
“—\Wf-:’ - K
s
o =
Yot o8
/ =
E
Ne— o
=1 — E T
{ 5
\o— R o
AR E
&z P o
'\_E,‘ \ﬂ_mf -
(] '—?:'f ;frf \q—§- ‘
M. A4
J 5\ / K
E—
1\2 ._)I;
5./ N3 b
\Ez_f’
ol ‘w—os — A o [
1‘\2-?::.-::"Jr — b 10 I
:1/ \z—o 5 A e
N4 N _
52— & 0g
- n

'H NMR (CDs0D): § 7.94 (1H, d, J=7.66 Hz), 7.82 (1H, dt, J=2.59, 7.66 Hz), 7.55 (1H, dd, J=7.87,
3.15 Hz), 5.40 (2H, m), 5.12 (1H, m), 4.96 (1H, m), 4.03 (3H, s), 3.84 (3H, m) 3.50 (4H, m), 3.11
(2H, m), 2.90 (2H, m), 2.35 (3H, m), 2.14 (2H, m) 1.93 (2H, m), 1.78 (4H, m), 1.28 (9H, m) 1.12
(2H, m).
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11.4.6 Second attempt — purification

REVELERIS® .
Run Name: MFB/2017-05-12_09-25-26 mblla
m Run Date: 2017-05-12 09:34

Column: Revelens® Silica 40g Solvent A: Chloroform UV Threshold: 0.05 AU ELSD Threshold: 20 mV
Flow Rate: 40 mL min Solvent B: Methanol UV Sensitivity: Low ELSD Sensitivity: Low
Equilibration: 7.1 min Solvent C: Empty UV1 Wavelength: 254 nm Collection: Collect Peaks
Run Length: 30.0 min Solvent D: Empty UV2 Wavelength: 265 nm Per-Vial Volume: 7mL
Mode: Flash Dry Slope Detection: Off UV3 Wavelength: 280 nm Non-Peak Volume: 8.5 mL
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11.4.7 Second attempt — after purification

IH NMR fraction 24-29
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'H NMR (CD30D): § 8.01 (1H, d, J=7.46 Hz), 7.86 (1H, t, J=9.09 Hz), 7.60 (1H, d, J=8.37 Hz), 5.44
(1H, m), 5.22 (1H, m), 4.06 (3H, s), 3.64 (4H, m), 3.16 (1H, m), 3.02 (2H, d, J=4.45 Hz), 2.99 (3H,
s), 2.48 (2H, m), 2.29 (1H, m), 1.73 (6H, m), 1.31 (8H, m), 1.18 (4H, m), 0.90 (2H, m).
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IH NMR fraction 30-35
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IH NMR (CD30OD): & 4.58 (1H, s), 3.61 (0.25H, g, J=7.00 Hz), 3.36 (1H, s), 1.19 (0.5H, t, J=7.06
Hz).
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IH NMR fraction 37-46
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IH NMR (CDsOD): 5 8.04 (1H, d, J=7.43 Hz), 7.89 (1H, t, J=7.83 Hz), 7.62 (1H, d, J=9.66 Hz), 5.48
(1H, m), 5.18 (1H, m), 4.59 (2H, s), 4.07 (3H, s), 3.66 (1H, m), 3.56 (1H, m), 3.44 (1H, m), 3.20 (1H,
m), 2.97 (2H, s), 2.38 (1H, m), 2.21 (1H, m), 2.03 (2H, m), 1.89 (1H, m), 1.43-1.18 (14H, m).
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IH NMR fraction 47-62
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'H NMR (CD3s0D): § 8.00 (1H, d, J=7.49 Hz), 7.86 (1H, t, J=8.22 Hz), 7.60 (1H, d, J=7.40 Hz), 5.41
(1H, m), 5.17 (1H, m), 4.72 (2H, s), 4.60 (4H, m), 4.05 (3H, s), 3.61 (2H, g, J=7.17 Hz) 3.05 (3H,
m), 2.37 (2H, m), 2.17 (2H, dd, J=10.44, 5.04 Hz), 1.78 (6H, m), 1.28 (5H, m), 1.18 (7H, m), 0.90
(2H, m).
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11.4.8 LC-MS

LC-MS: m/z = 834.3659 [M+Na*], calc. for.
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11.4.9 ITC measurement - native B-CD

At I mM

DP (ucal/s)

Time (min)
0.02— o
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N i * @
= °
T  -002—
< _ o
-0.03— o ®
& e ©® o
I | I | | | I I 1 | I | |
0 2 4 6 8 10 io
Molar Ratio

No binding observed.
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At 0.5 mM
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No binding observed.
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11.4.10 ITC measurement - MBCD

At I mM

DP (ucal/s)
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| | | | | | I | | | | | | | | | |
0 5 10 15 20 25 30 35 40
Time (min)
0.04 ®
0.03— LS
0.02—
— s ° ® o
O 001-
= 5 ° -
~ 0—
= ]
_kz) '001—_ . PP
- Do .
L i Y
o] ~0.03— ® °
004 o °
- o
0.05— o
E | | | | I | | I | I | | |
0 2 4 6 8 10 12
Molar Ratio

No binding observed.
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At 0.5 mM

5.68—

5.67—

5.66—

5.65—

DP (ucal/s)

5.64—

5.63—

5,62 —

AH (kcal/mol)

I | ! | I | | | I | ! I |
0 2 4 6 8 10 12

Molar Ratio

No binding observed.
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11.4.11 ITC measurement — HPBCD

At I mM

5.805—

58—

5.l 99—

579

5785

578

5.7751

0 5 10 15 20 25 30 35 40
Time (min)

DP (ucal/s)

0054 e
0.04
0.03
0.02-]
0.01 . .
0—_ °
-0.01—
-0.02— . .
-0.03—
-0.04—— °

AH (kcal/mol)

0 2 4 6 8 10 12
Molar Ratio

No binding observed.
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At 0.5 mM

DP (ucal/s)

AH (kcal/mol)

No binding observed.

5.78—

5. 77—

5.16—

Sy

34—

5.73—

.42

35 40

Molar Ratio
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11.4.12 ITC measurement - SBEBCD

At 1 mM
5.7
5.68—
5.66—
Q 5.64—_
C_S 5.62—_
= 5.6
o 5.58-
O 556
5.54—
5.52—
| L T 1 T T T T T T T T 1T
0 5 10 15 20 25 30 35 40
Time (min)
0.3 °
-0.35-
O  -04-
= i M
= 9454 odel: One Set of Sites
© ; [Cell] (M) = 16.0e-6
N T [Syr] (M) = 1.00e-3
—  -0.5— N (sites) = 7.80 + 2.62
L ] KD (M) = 170e-6 + 506e-6
< g AH (kcal/mol) = -1.05 + 2.35
' Offset (kcal/mol) = -0.159 + 0.241
] AG (kcal/mol) = -5.14
-0.6— -TAS (kcal/mol) = -4.09
I | | I | I | I | I | |

Values reported:

Kp= 170x10° +506x10° M

Ka= 5882 M

Reduced y¥?= 4.09x10* Kcal/mol?

6 8 10 12
Molar Ratio
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Signature

-2.54

(kcal/mol)

1
w
|

Reported values:
AH=-1.05% 2.35 Kcal/mol
AG=-4.97 Kcal/mol
-TAS=-5.14 Kcal/mol
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At 1 mM with n=1

e
568
5661
5,64
5167

i
558
5,56

DP (ucal/s)

5.54
5:55)

0 5 10

03—

-0.35

AH (kcal/mol)

15 20 25 30 35 40
Time (min)

del: One Set of Sites
® [Cell] (M) = 16.0e-6
[Syr] (M) = 1.00e-3
® N ((sites)=1.00
KD (M) = 703e-6 + 415e-6
AH (kcal/mol) = -24.3 +17.9
Offset (kcal/mol) = -6.8e-2 + 9.8e-2
AG (kcal/mol) = -4.30
-TAS (kcal/mol) = 20.0

Reported values:

Kp= 703x10° +415x10° M

Ka= 1422 M1

Reduced ¥?= 2.3x10* Kcal/mol?

I | | | I | | | I
6 8 10 12

Molar Ratio
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Signature

(kcal/mol)
LIIJ1 |

-10-

-15-

50—

=25

Reported values:
AH=-24.3+ 17.9 Kcal/mol
AG= -4.43 Kcal/mol
-TAS= 20 Kcal/mol
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At 0.5 mM

5.64—
5.62—
<L 56—
(¢v) |
O
3 558-
& —
0O s556—
5.54—
| | | | | | | | | | | | | | 1 I |
0 5 10 15 20 25 30 35 40
Time (min)
-0.14— N
_ ® &
015 .
= o - @
0 o
g 0.16 . =
£ |
T 017~ -
O |
N _ ®
T -0.18 5
= [ ]
< -0.19- ®
7] ® ® ©
02— @ @
1 | | | 1 I | I | | | I I
0 5 4 6 8 10 i2
Molar Ratio

No binding observed.
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11.4.13 ITC measurement — DBCD

At I mM

)
e
© 6094
O
S _
= 6.085-
(Al _
0O 608
6.075—
6.07 —
| | | l | | | | | | | | | | | | 1
0 5 10 15 20 25 30 35 40
Time (min)
_ ® °
-0.02 o
— ®
-0.03 .
3 7 e ® 0
O  _004—
- i o . e
= -005-
) s ® o ©®
=< _0.06—
- o ©
E -0.07
N [ ]
-0.08
009 °
I I [ I I | I I 1 | I I I
0 2 4 6 8 10 9
Molar Ratio

No binding observed.
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At 0.5 mM

5.68

5.675—
5.67
5.665—

5.66— |4
1

2,655

DP (pcal/s)

5.65—

5.645—

5.64—

0 5 10 15 20 25 30 35 40

003 , ° .
—0.04——
-0.05 o ®

-0.06—— ®
-0.07——
-0.08—— ® @ °

AH (kcal/mol)

-0.09—
-0.1— »

Molar Ratio

No binding observed.
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11.5 3-(((3s,5s,7s)-adamantan-1-yl)disulfaneyl)propanehydrazine (2)

2600
2400

2200
2000
1800
1600
1400
1200
1000
=200

200

DMF

IH NMR (CDCls): § 2.70 (2H, t, J=6.69 Hz), 2.29 (2H t, J=7.26 Hz), 2.05 (m) 1.69 (m).

1.0

1.5

THF

2.0

2.5

THF
6.0 5.5 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

6.5

7.0

7.5

8.0
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11.6 4-(((1s,3R)-adamantan-1-yl)disulfaneyl)-N-((E(-1((2S,4S)-4-(((2R,4S,5R,6S)-1-
amino-5-hydroxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)-2,5,12-trihydroxy-7-
methyoxy-6,11-dioxo-1,2,3,4,6,11-hexalhydrotetracen-2-yl)-2-
hydroxyethylidene)butanehydrazide (1)

11.6.1 Reaction A

11.6.1.1 Before purification
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IH NMR ((CD3)2502): § 7.93 (m) 7.69-7.65 (m), 5.45 (m) 5.30 (m), 4.96 (rr;)u,- 4.87 (), 4.00 (s), 3.57
(m), 3.03-2.92 (m), 2.18-1.53 (m), 1.16 (m).
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11.6.1.2 Purification

REVELERIS
Prep

Method Name:

Run Name: MFB/2017-03-22_13-28-01mb09

Run Date: 2017-03-22 13:37

Column: Revelens® C18 12g  Solvent A: Water UV Threshold: 0.02 AU ELSD Threshold: 20 mV
Flow Rate: 30 mL min Solvent B: Methanol UV Sensitivity: Low ELSD Sensitivity: Low
Equilibration: 6.0 CV Solvent C: Empty UV1 Wavelength: 254 nm Collection: Collect Peaks
Run Length: 28.1 CV Solvent D: Empty UV2 Wavelength: 265 nm Per-Vial Volume: 7mL
Mode: Flash Liquid Slope Detection: Off UV3 Wavelength: 550 nm Non-Peak Volume: 8.5 mL
Bl soivent% Mietso luvi [luv2 Buvs
1€ 20 28 32 a8 - 50 55 &2 69 75 81 g7 33
| 7] | 2235 41 [ 4753 |59 | 66| 72|78 [B4] 90 |9%
T Il|||!|lliiyt—!—-+"rl|g3|1:0.5o
18 | ——A—— II‘IIII‘II/LA;E-||l|||l|l»l||l0.40
989;1"iAB_?i_ii?"l/jﬁllljlll_lI!II;III'oaoﬂ
= | | g -
@ 59 020 2
o} | I
29 | 0.10
-1 0.00
Tray
Column Volumes (CV)
1-4019 Gradient Table
CV |Solvents | % 2nd
1 0.0 AB 66
2 107 | AB 66
3 84 AB 95
4 18 AB 95
5 09 AB 99
6 63 AB 99
7 63 AB 99
Vial Mapping Table
Peak = [Start Tray:Vial [End Tray:Vial
1 1:16 1:16
2 1:17 1:17
3 1:18 1:20
4 1:21 1:25
5 1:26 1:62
6 1:63 1:64
7 1:65 1:98
Page 1
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11.6.1.3 After purification
IH NMR Fraction 63-70

ﬁ 2 B R B R B R §F "R A 2 B 29
P P P P M P AP R S S R M AP G
Y
o
L=
Ll
| W
. u
T —
L=
— ™
e
—— _E
| =
m™m
o | ut
— o
b 1 ———
ﬁiﬁxm .
B L=
g ;{:ﬂ — -
N\ -
v o8
g — =
\m'“ b
{ - -2
\ﬁ
ﬁf “‘“ - A
\:,h:O; ;dl E::
5o 5—53 \_/ K
N /SN F
= = i —
\ A4 “
Eﬂi—‘."‘—?"— w— () R
/ N /
o — 0
N/ o
= = r
7 N,_x,
- - ]
"hsi':z:"r)r |
/ \ - -] =ggn ||
o= U—05
N ! - A =0T
#?N:ﬁ\ — =] =0T [ ed
\n—nf \ E L

IH NMR (CDsOD): 5 8.04 (2H, d, J=8.64 Hz), 7.87 (2H, t, J=8.13 Hz), 7.60 (2H, d, J=8.64 Hz), 5.49
(1H, m), 4.62 (2H, dd, J=14.12, 23.39 Hz), 4.19 (1H, d, J=7.06 Hz), 4.04 (3H, s) 3.66 (1H, m) 3.62
(1H, m), 3.53 (1H, m) 3.37 (1H, m), 2.50 (2H, t, J=6.80 Hz), 2.45 (2h, t, J=7.38 Hz), 2.29 (2H, m)
2.02 (4H, m), 1.80 (6H, m) 1.76-1.64 (5H, m), 1.59 (2H, m), 1.31 (3H, d, J=6.5 Hz).
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11.6.1.4 LC-MS

zZjw 00°0s8

ST'ErS

AN[A] Swauswbely
STere

SWaUN[A] SwWayoid[] anv[]
00858 SLL8

LC-MS: m/z = 848.2258 [M+Na'], calc. for.

(Ca1Hs1N3011S2 Na*): m/z: 848.2857

Deviation of 0.0599 Da.
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11.6.1.5 ITC measurement - native 6-CD

At 1 mM
6.11-
6'1__ , IYYUTTI™ [
6.09
Q 6.08
= 607
o I
= 6.06
0. 6.05—
D .
6.04
6.03
6.02
1 | | | I | I | | | | | | | 1 I |
0 5 10 15 20 25 30 35 40
Time (min)
0— o
1
O _go—
c 02 MBO9B1
~ 7 Model: One Set of Sites
© -03- [Cell] (M) = 16.0e-6
& ) [Syr] (M) = 1.00e-3
= N (sites) = 1.6e-2 + 0.614
T -044 KD (M) = 33.9e-6 + 11.2e-6
< 1 AH (kcal/mol) = -80.0 + 3140
05 Offset (kcal/mol) = -1.9e-2 + 5.9e-3
' AG (kcal/mol) = -6.10
n -TAS (kcal/mol) = 73.9
I | I | I | I l I | I | I

2 4 6 8 10 12
Molar Ratio

Values reported:

Kp=33.9x10° + 11.2x10° M
Ka=29499 M

AH=-80.0 = 3140 Kcal/mol
AG=-6.10 Kcal/mol
-TAS=73.9 Kcal/mol

Reduced ¥?=6.0x10° Kcal/mol?
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At 1 mM with n=1

611

6.1
6.09-
6.08
6.07
6.06—
6.05—
6.04
6.03
6.02—

DP (ucal/s)

AH (kcal/mol)

-0.45
-0.5]

Time (min)

MB09B1
Model: One Set of Sites

[Cell] (M) = 16.0e-6

[Syr] (M) = 1.00e-3

N (sites) = 1.00

KD (M) =17.1e-6 + 1.94e-6

AH (kcal/mol) = -1.02 + 5.5e-2
Offset (kcal/mol) = -2.8e-2 + 3.9e-3
AG (kcal/mol) = -6.50

-TAS (kcal/mol) = -5.49

0

Values reported:

[ ! I ' I ! | ' [ ' [ '
2 4 6 8 10 12

Molar Ratio

Kp=17.1x10°+1.94x10° M

Ka= 58480 M

Reduced y?= 8.6x107° Kcal/mol?
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Signature

O_
_1_
e
O -34
=
=
= 5
)
)
4
-5—
_6_

Values reported:

AH=-1.02+ 5.5x10 Kcal/mol
AG=-6.50 Kcal/mol
-TAS=-5.49 Kcal/mol
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At 0.5 mM

)
~
(0]
)
=
7 568-
5.67 —
5.66—
i I l I | I | [ | [ | [ | [ | I | |
0 5 10 15 20 25 30 35 40
Time (min)
-0.05— °
@ ®
-0.1 o s 8
. _ ® @ @
o -0.15- & ol
= . ® ¢
% 2 i Yu
U -
= 095+
I -
<l -03-
| °
-0.35
®
_ I I [ | I l | | | | I | I
0 1 2 3 4 5 6
Molar Ratio

No binding observed.
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11.6.1.6 ITC measurement - MBCD
At 1 mM

6.12—
6.11— g '

6.1
6.09—

6.08

DP (ucal/s)

6.07—

6.06—

6.05—

AH (kcal/mol)
T

MBOOW7
Model: One Set of Sites

[Cell] (M) = 16.0e-6

[Syr] (M) = 1.00e-3

N (sites) =6.7e-3 + 1.70

KD (M) = 27 .4e-6 + 28.1e-6

AH (kcal/mol) = -80.0 + 2.0e4
Offset (kcal/mol) = -4.5e-2 + 8.1e-3
AG (kcal/mol) = -6.22

-TAS (kcal/mol) = 73.8

Values reported:
Kp=27.4x10° + 28.1x10° M
Ka=36496 M

AH=-80.0 + 2.0x10* Kcal/mol
AG=-6.22 Kcal/mol
-TAS=73.8 Kcal/mol
¥*=1.5x10* Kcal/mol?

I | I | I | I | I
6 8 10 12

Molar Ratio
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At 1 mM with n=1

DP (ucal/s)

AH (kcal/mol)
T

MBOOW7
Model: One Set of Sites

[Cell] (M) = 16.0e-6

[Syr] (M) = 1.00e-3

N (sites) = 1.00

KD (M) = 11.8e-6 + 4.05e-6

AH (kcal/mol) = -0.424 + 6.0e-2
Offset (kcal/mol) = -5.0e-2 + 4 .8e-3
AG (kcal/mol) = -6.72

-TAS (kcal/mol) = -6.30

Values reported:

Kp=11.8x10° +4.05x10° M
Ka= 84746 M1

Reduced ¥?= 1.7x10* Kcal/mol?

I | I l I I I I I
6 8 10 12

Molar Ratio
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Signature

(kcal/mol)

Values reported:
AH=-0.424+ 0.06 Kcal/mol
AG=-6.72 Kcal/mol
-TAS=-6.30 Kcal/mol
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At 0.5 mM

5.94 —
5.935—
5.93—
5.925—
5.92—
5.915—
5.91—
5.905 —
59|
5.895 —
5.89—

DP (ucal/s)

0

0.04
0.02]
0—
0,02
-0.04—
-0.06—
0,08

o L

AH (kcal/mol)

=0.12—

Time (min)

-0.14—
0

No binding observed.

Molar Ratio
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11.6.1.7 ITC measurement — HPBCD
At 1 mM

5.115—

g 11—
6.105—

B —

6.095

6.09—

DP (ucal/s)

6.085—

6.08 —

6.075—

0 5 10 15 20 25 30 35 40

-0.02—
-0.03- ¢

-0.04— o« _©
-0.05 ° ¢

-0.06—

AH (kcal/mol)

-0.07

-0.08 —

Molar Ratio

No binding observed.
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At 0.5 mM

DP (ucal/s)

6.085—

6.08 —

6.075—

0.08—
0.06
0.04 °
0.02

-0.02—

-0.04— . s Ty

-0.06—

-0.08

Ol o

V77777 1
0 1 2 3 4 5 6

Molar Ratio

AH (kcal/mol)

No binding observed.
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11.6.1.8 ITC measurement - SBEBCD
At 1 mM

DP (ucal/s)
T

5.95
I | | | I | I | | | I | I | I I I
0 5 10 15 20 25 30 35 40
Time (min)
— ® [ ]
-0.35—
-0.4—
S 045+
€ 5] BO9SE1
~ 7 Model: One Set of Sites
T o554 [Cell] (M) = 16.0e-6
L, : [Syr] (M) = 1.00e-3
- 5 N (sites) = 0.206 + 17.6
T . KD (M) = 292e-6 + 657e-6
<1 -0.65— AH (kcal/mol) = -50.8 + 4340
. Offset (kcal/mol) =-0.175 £ 0.122
0.7+ AG (kcal/mol) = -4.82
] -TAS (kcal/mol) = 45.9
-0.75— T | T T T T T T I T | T

Values reported:

Kp=292x10" + 675x10° M
Ka= 3452 M1

AH=-50.8 = 4340 Kcal/mol
AG=-4.82 Kcal/mol
-TAS=45.9 Kcal/mol

Reduced ¥?=1.1x10"* Kcal/mol?

6 8 10 12
Molar Ratio
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At 1 mM with n=1

6.1

6.05—

DP (ucal/s)
i

-0.35—

MBO9SE1
Model: One Set of Sites
[Cell] (M) = 16.0e-6
[Syr] (M) = 1.00e-3

AH (kcal/mol)
i

-0.6 N (sites) = 1.00
"t KD (M) = 263e-6 + 44 3e-6
-0.65+ AH (kcal/mol) = -9.79 + 1.89
074 Offset (kcal/mol) = -0.180 + 2.8e-2
T AG (kcal/mol) = -4.88
075+ S -lTAS I(kcaII/mo!) = 4I.90 ——
0 2 4 6 8 10 12
Molar Ratio

Values reported:

Kp= 263x10° +44.3x10° M
Ka= 3802 M

Reduced y%= 1.1x10* Kcal/mol?
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Signature

(kcal/mol)

Values reported:
AH=-9.79+ 1.89 Kcal/mol
AG=-4.88 Kcal/mol
-TAS=4.90 Kcal/mol
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At 0.5 mM

6.11—

6.1 — ki ™ |
6.09—
6.08—
6.07
6.06
6.05
6.04
6.03—
6.02

DP (ucal/s)

0 5 10 15 20 25 30 35 40

0.3~

~0.35— ®

-0.4— o

-0.45— ) ®

AH (kcal/mol)

0.5+

055 @

Molar Ratio

No binding observed.
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11.6.1.9 ITC measurement — D6CD
At 1 mM

DP (ucal/s)

AH (kcal/mol)
T

Time (min)

MbO9TTN1

Model: One Set of Sites

[Cell] (M) = 16.1e-6

[Syr] (M) = 1.00e-3

N (sites) = 0.194 + 0.471

KD (M) = 23.9e-6 + 7.75e-6

AH (kcal/mol) = -7.47 + 18.8

Offset (kcal/mol) = -5.4e-2 + 7.2e-3

0.8 AG (kcal/mol) = -6.31
. -TAS (kcal/mol) = 1.16
I I I I | I | I | 1 | 1
0 2 6 8 10 12
Molar Ratio

Values reported:

Kp: 23.9x10°+7.75x10° M
Ka= 41841 M
AH=-7.47+18.8 Kcal/mol
AG=-6.31 Kcal/mol
-TAS=1.16 Kcal/mol
Reduced ¥?=1.4x10"* Kcal/mol
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At 1 mM with n=1

61—| [ r f [ | | I
6.08—
0 il
-~
©  6.06—
()
= T
A 6.04—
() il
6.02—
6_
I | I | I I T | I [ I I I | | I |
0 5 10 15 20 25 30 35 40
Time (min)
01—
F3—
= :
c 034 MbOQTTN1
~ a3 Model: One Set of Sites
© -04- [Cell] (M) = 16.0e-6
R - [Syr] (M) = 1.00e-3
~ -0.54 N (sites) = 1.00
T . KD (M) = 11.5e-6 + 1.50e-6
<1 _pg— AH (kcal/mol) = -1.20 + 6.4e-2
_ Offset (kcal/mol) = -6.5e-2 + 5.2e-3
074 AG (kcal/mol) = -6.74
il -TAS (kcal/mol) = -5.54
I | I l I | | | I I | | I
0 2 4 6 8 10 17

Values reported:

Molar Ratio

Kp= 11.5x10°+1.50x10° M

Ka= 86957 M

Reduced y%= 1.94x10* Kcal/mol?
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Signature

(kcal/mol)

Values reported:
AH=-1.20+ 0.064 Kcal/mol
AG=-6.74 Kcal/mol
-TAS=-5.54 Kcal/mol
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At 0.5 mM

6.11

6.1 |
. ( |

6.09—

6.08—

6.07—

6.06—

6.05—

DP (ucal/s)

6.04

6.03—

0 5 10 15 20 25 30 35 40

g -0.4— MBO9TTNO
~ 5. Model: One Set of Sites
c [Cell] (M) = 16.0e-6
Y -0.6- [Syr] (M) = 500e-6
074 N (sites) = 1.2e-2 + 0.699
T ] KD (M) = 15.5e-6 + 12.2e-6
<1 -0.8—- AH (kcal/mol) = -80.0 + 4650

. Offset (kcal/mol) = -8.7e-2 + 2.2e-2

-0.9- AG (kcal/mol) = -6.56
1 -TAS (kcal/mol) = 73.4
T | T | I | T I I | T | T
0 1 2 3 4 5 6

Molar Ratio

Values reported:
Kp=15.5x10° + 12.2x10° M
Ka=64516 M
AH=-80.0 = 4650 Kcal/mol
AG=-6.56 Kcal/mol
-TAS=73.4 Kcal/mol
Reduced y?=9.8x10™* Kcal/mol?
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At 0.5 mM with n=1

6.11-
6.1— ;
4 ( l
6.09—
> 6.08—
> —
© 6.07—
O =
= 606
% 6.05—
6.04—
6.03—
I | I | I | I | I [ I | | ] I | I
0 5 10 15 20 25 30 35 40
Time (min)
— @
<0.1— .45—4.
-0.2
g -0.3+ MBO9TTNO
< 7 Model: One Set of Sites
© 044 [Cell] (M) = 16.0e-6
o . [Syr] (M) = 500e-6
= -0.5— N (sites) = 1.00
T - KD (M) = 6.22e-6 + 3.70e-6
<] -0.6- AH (kcal/mol) = -0.852 + 0.187
- Offset (kcal/mol) = -8.8e-2 + 2.5e-2
-0.7 — AG (kcal/mol) = -7.10
o -TAS (kcal/mol) = -6.25
I | I | | | I | I | I | I
0 | 2 3 4 5 6
Molar Ratio

Values reported:

Kp=6.22x10° +3.70x10° M
Ka= 160772 M

Reduced y?= 2.5x10 Kcal/mol?
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Signature

(kcal/mol)

Values reported:
AH=-0.852+ 0.187 Kcal/mol
AG=-7.10 Kcal/mol
-TAS=-6.25 Kcal/mol
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11.6.2 Reaction B

11.6.2.1 Purification attempts

First attempt

Column: Reveletis® C18 12g
Flow Fate: 30 mLfmin
Equilibration: 0.1 C¥

Fun Length: 200 CV

At Purge Time: 0 min

Method Name:

Run Mame: 2017-04-25_11-58-26mb09h

Run Date: 2017-04-25 12:16

Slope Detection: Off
ELSD Threshold: 5 mV
UV Threshold: 0.02 AU
V1 Wavelength: 254 rum
UV Wavelength: 280 rum

Collection IMode: Collect Peaks
Petr-Vial Volume: 10 mL
Hon-Pealks: 25 mL

Injection Type: Mlamaal

ELZD Cattier: Iso-propanal
Solvent & Water

Solvent B: IMethanol

Solvent C: <No zolvent chosen
Solvent I <Mo solvent choser

¥ sohventx [HeEso Wuon B
A0 oo
40 AR nos
o= " . N
E 30 Fy=] .08 2
o =
@ 20 0.04 2
[N1]
10 ooz
e 0.00
Traw:
0 4 a 12 20
Column Valumes (V)
Gradient Table

CV  [Bolvents [% 2nd

1 0o AR &
2 100 AB &

3 100 AB 100

Wial Mapping Table

[Peak # [Start Tray Vial [End TrayVial

Fage 1
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Second attempt

Meihod Name:

(&) " RunName: 2017-04-25_13-10-19mh09h2
RE VELER ’s Run Date: 2017-04-25 13:14

Column: Reveleris® C18 12g Slope Detection: Off

Collection Mode: Collect Peaks EL3D Carner: Iso-propanal

Flow Rate: 30 ml fmin ELED Thteshold: 5 mV Pet-Vial Volume: 10 mL Solvent A: Water
Equilibration: 0.1 CV UV Threshold: 0.02 AU Non-Peaks: 25 mL Solvent B: Methanol
Run Length: 250 CV U¥1 Wavelength: 254 nm Injection Type: Manual Solvent C: <No solvent chosen
A Purge Time: 0 min UV2 Wavelength: 280 nm Solvent D: <Nao solvent choser
M solvert% [ ELsD Eun B uvz
50 0.10
40 0.08
9 oy}
E 30 ; D.06 2
] d —
@ 20 48 004 2
]
10 n.02
AB
0 0.00
_PI' ay
a 5 10 15 20 25
Column Volumes (CV)
Gradient Table
CV  [Solvents |% Znd
1 no AB 0
2 50 AB 0
3 200 &AB 100

Vial Mapping T able
[Peak # [Start Tray-Vial |[End TrayVial

Page 1
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Third attempt

Column: Revelens® C18 1dg

Flow Rate: 30 ml i
Equilibration: 1.0 CV
Fun Length: 200 CV
At Purge Time: 0 min

Method Mame:

Run Mame: 2017-04-25 13-47-36mh092c
Run Date: 2017-04-25 13:51

Slope Detection: Off
ELED Threshold: 5 mV
UV Thteshold: 002 AT

Collection Mode: Collect Peaks
Per-Vial Wolume: 10 mL
Mon-Peaks: 25 ml.

W1 Wavelength: 254 rum Injection Type: Mamgal
U2 Wavelength: 280 rnm

EL3D Carrier: [so-propanol
Holvent A Water

HBolvent B: Methanol
Holvent C: <MNo solvent chosen
Aolvent O <Moo solvent choser

#covernts e Euon Bove
a0 0o
40 AR 0.08
E eli] AR ' 0.06 5
% 20 004 =
[IN]
10 p.oz
0 [ 0.o0
Tray:
4 ] 12 20
Calumn Volumes {CW)
Gradient Table
CV  |Bolvents [% 2nd
1 on AB ild)
2 1.0 AB il
3 1.0 AR 100
Wial Mapping Table

[Peak# [Start TrayVial [Fnd TrayVial

Page 1
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Fourth attempt

Column: Reveleris® C18 1
Flow Rate: 30 mL/min

Equilibration: 1.0 CV
Run Length: 240 CV
Air Purge Time: 0 min

2g

Method Name:
Run Name: 2017-04-26_09-41-00mh09%h3
Run Date: 2017-04-26 09:45

Collection Mode: Collect Peaks
Per-Vial Volume: 10 mL
Non-Peaks: 25 mL

Injection Type: Manual

Slope Detection: Off
EL3SD Threshold: 5 mV
UV Threshold: 0.02 AU
UV1 Wavelength: 254 nm
UV2 Wavelength: 280 nm

ELSD Cattier: Iso-propanol
Solvent A: Water

Solvent B: Acetonitrile

Solvent C: <No solvent chosen
Solvent D: <No solvent choser

M sovert% Merso Mo Euv2
2 12 A3 1 A0 57 S|
50 ; 1 0.10
40 0.08
E a0 0.08 §
a =
ﬁ 20 004 3
10 e 0.02
0 ~ 0.00
Tray:
0 3 3] ] 12 15 18 21 24
Column Yolumes (CV)
1-DCDY 2-F333 Gradient Table
s CV  [Solvents|% 2nd
' 1 [iXi] AB 0
‘ : \ 2 200 AB 100
©0060-0 0666-0 e
3 = = Vial Mapping Table
’ ° . . . . e . . . Peak # [Start Tray:Vial |End Tray:Vial
1 12 12
/ 4 : 2 13 13
0060~ 0 00606000 ;| | -
: " 4 1:5 13
0-0600 0-0060 || : | -
é 17 17
7 18 18
©00>0 00000 || : |
> ; : 9 1:10 1:12
02000 02000 - = |
’ ' : 11 1:14 1:14
i % 12 1:15 115
000>0 0000 || . |
= = = : 14 1:17 1:17
©-006 0-006 | & | .
16 1:19 1:19
3 5 17 1:20 1:20
00020 00050 || : |:
: : 19 1:22 122
00000 00000 i : |
3 . 21 1:24 124
5 - ‘ v 22 1:25 125
00006 066-0
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Method MNamme:
Run Mame: 2017-04-26_09-41-00mh09:3
Run Date: 2017-04-26 09:45

Wial M appitig Table
Peak # [Start Tray:Vial [End Tray:Vial

23 1:26 1:26
24 1:27 1:27
25 1:28 1:28
26 1:20 1:29
27 1:30 1:30
2% 1:31 1:31
29 1:32 1:32
30 1:33 1:33
31 1:34 1:34
32 1:35 1:35
33 1:36 1:36
34 1:37 1:37
35 1:38 1:38
El] 1:39 1:39
37 1:40 1:40
38 141 1:41
39 1:42 1:42
40 1:43 1:43
41 1:44 1:44
42 1:45 1:45
43 1:46 1:46
44 1.47 1:47
45 1:42 1:42
44 1:43 1:49
47 1:50 1:50
43 1:51 1:51
49 1:52 1:52
30 1:53 1:53
31 1:54 1:54
52 1:55 1:55
33 1:56 1:56
34 1.57 1:57
35 1:58 1:58
36 1:50 1:59
7 140 1:60
38 21 22

39 23 23

| 24 24

&1 23 25

B2 26 26

a3 27 27

g4 2z 28

B35 8 9

] Z10 210
&7 211 211
3 21z 212
] 213 213
i 214 214
71 215 215
72 214 216
i3 217 217
74 218 218
15 219 219

Page 2
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Fifth attempt

Method Name:

(o) " RunName: 2017-04-26_10-13-19mh094
RE VELER 's Run Date: 2017-04-26 10:17

Column: Revelens® C12 12g Slope Detection: Off Collection W ode: Collect Peaks ELSD Carrier: [so-propanol
Flow Rate: 30 ml /min ELSD Threshold: 5 mV Per-Vial Wolume: 25 mL Solvent A Methanol
Equilibration; 1.0 C¥ UV Threshold: 002 AU Non-Peaks: 25 mL Solvent B: Acetonitrile
Fun Length: 200 CY UV1 Wavelength: 254 nm Injection Type: hMamaal Solvent C: <No solvent chosen
Ajgr Purge Time: 0 min UV2 Wavelength: 220 nm Solvent D: <Mo solvent choser.
[ sovents [ Eso Muvt Bue
50 010
40 0.08
9 -
z 30 0.06 =5
= . .
@ 20 AB 004 2
w
10 — 0.0z
0 p—" 0.00
_PI' ab
0 4 a8 12 16 20
Column Yolumes (CV)

Gradient Table

CV  [Solvents |% Znd
1 no LB 0
2 20.0 AB 100

Vial Mapping Table
[Peak # [Start TrayVial [End TrayVial |

Page 1
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11.6.3 Reaction C

11.6.3.1 Purification

REVELERIS
Prep

Column: Reveleris® Silica 40g
Flow Rate: 40 mL/min
Equilibration: 7.1 min

Fun Length: 41 3 min

Mode: Flash Dry

Method Name:

Run Name: MFE/2017-04-28_10-05-01 mb09a

Run Date: 2017-04-28 10:18

Solvent A: Methylene chloride
Solvent B: Methanol

Solvent C: Empty

Solvent D: Empty

Slope Detection: Off

UV Threshold: 0.05 AU
UV Sensitivity: Low

UV1 Wavelength: 254 nm
UV Wavelength: 263 nm
UV3 Wavelength: 280 nm

ELSD Threshold: 20 mV
ELSD Sensitivity: Low
Collection: Collect Peaks
Per-Vial Volume: 25 mL
Non-Peak Volume: 25 mL

B soivent% [ ELsD B uvi Eluvz B uvs
352 | : | 0| . 050
| [ [ [l | |
281 | | | (— | ' 0.40
P
E 211 | " ' L _at 029 =)
o | | | [ | =
@ 140 . ae 019 3
o | | ‘ | | |
70 FL [[d Al ——— HRE 'r" 008
= —a) \, L
-1 - -1. : I- o - B —— m]- \I -0.02
Tray: ’-
] 5 10 15 20 25 30 35 40
Time (min) FLOW RATE ALTERED
1-DCD9 Gradient Table
Mm (Solvents | % 2nd
1 0.0 AB 0
2 264 AB 18
3 22 AB 33
00000 a8 |
5 0.0 AB 35
6 01 AB 35
7 04 AB 30
8 0.1 AB 39
00000 AEEE
10 15 AB 41
11 43 AB 61
12 01 AB 61
90000 o
Vial Mapping Table
O O O O O Peak = |Start Tray:Vial [End Tray:Vial
1 1:2 1:3
2 1:4 1:3
@O0 |k
4 1:7 1:7
00~»00 B T
6 1:10 1:10
7 1:11 1:11
YT -
9 1:17 1:17
00500 A
11 1:19 1:19
00006006 Pige
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11.6.3.2 After purification
IH NMR fraction 4-7
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IH NMR (CDsOD): & 4.60 (2H, s), 1.32 (4H, m), 0.92 (1H, t, J=7.74 Hz).
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IH NMR fraction 12-16
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IH NMR (CD3OD): § 3.67 (4H, m), 3.02 (1H, d, J= 7.66 Hz), 2.67 (1H, m), 2.48 (1H, d, J= 11.68
Hz), 2.39 (1H, m), 2.04 (2H, m), 1.92 (1H, s), 1.38-1.16 (6H, m), 0.93 (2H, m)

8.5
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11.7 N-Adamantanoylglycine (6)

P RAEITH RIS IS ST TR 88987
i
Eﬁ'.-ﬂ-

-:n%.i

'H NMR (DMF-d7): § 8.79 (m), 3.49 (m), 2.08 (m), 1,28 (m), 1.09 (m), 0.89 (m).

Ju

4.5

f1 (ppm)

5.0

5.5
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11.8 3'-O-(tert-Butoxycarbonyl) gemcitabine (10)
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IH NMR ((CD3)SOy): § 7.64 (1H, d, J=7.43 Hz), 7.43 (1H, d, J=13.86 Hz), 6.22 (1H, t, J=9.41 Hz),
5.81 (1H, d, J=7.43 Hz), 4.15 (1H, m) 3.74 (1H, m) 3.65 (1H, m), 1.45 (9H, s).
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11.9 (5-(4-(4-(((1S,3s)-adamantan-1-yl)disulfaneyl)butanamido)-2-oxopyrimidin-
1(2H)-yl)-4,4-difluoro-2-(hydroxymethyl)tetrahydrofuran-3-yl tert butylcarbonate
(12)

11.9.1 Before purification

4000
3500
3000
2500
2000
1500
1000

500

28,2330

P
M
15

IH NMR (CDCls): § 7.89 (d, J=7.47 Hz), 7.78 (d, J=8.18 Hz), 6.35 (m), 5.30 (m), 2.70 (t, J=7.29
Hz), 2.44 (t, J=6.81 Hz), 2.10-1.91 (m), 1.69 (m), 1.52 (s) 1.25 (m).
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11.9.2 Purification

REVELERIS
PREP

Column: FevelensE Silica 40g
Flow Rate: 40 mL/'min

Equilibration: 7.1 min
Fum Length: 45.0 min
Mode: Flash Liqud

Method Name:

Run Name: MFB/2017-05-02_08-45-10 mb10b

Run Date: 2017-05-02 0§:56

Solvent A: Methylene chlonde
Solvent B: Methanel

Solvent C: Empty

Solvent D: Empty

Slope Detection: Off

UV Threshold: 0.05 AU
UV Sensitivity: Low

UV1 Wavelength: 254 nm
UV2 Wavelength: 263 nm
UV3 Wavelength: 280 nm

ELSD Threshold: 20 mV

ELSD Sensitivity: Low
Collection: Collect Peaks
Per-Vial Volume: 23 mL
Non-Peak Volume: 25 mL

B solvente WiELsD B v B uvz B v
2000 | | I - .i. 0.70
i
1600 FAl | 0.55
z 1200 ‘.| ‘ | ! 041 5
@ 799 | | | 0.27 E
7} . ,
d ‘| | a8 LL«I 2
399 f .||| 'y | — AR - 1 0.12
A ——— —— -0.02
Tray: | 1
] 5 10 15 20 25 30 35 40 45
Time (min) FLOW RATE ALTERED
1-DCD9 Gradient Table
Min [Solvents |% Ind
1 0.0 AB 0
2 15 AB 0
3 276 AB 10
00000 REAT-AE:
5 0.5 AB 10
[ 0.1 AB 10
7 49 AB 32
g 50 AB 32
(O CC () o los [ | 2
00000 _
Peak #|Start Tray:Vial |[End Tray:Vial
1 1:2 1:2
00000 R
3 1:5 1:7
90000 S
5 1:9 1:11
6 1:12 1:12
000 ||
2 1:14 1:16
TELL ||
10 1:18 1:18
11 1:19 1:19
oYY Y o
13 1:21 1:23
00000 -
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11.9.3 After purification

IH NMR fraction 2-4
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IH NMR (CDCls): & 2.09 (2H, m), 1.92 (2H, m), 1.72 (4H, m), 1.26 (8H, m), 0.86 (5H, m).
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IH NMR fraction 5-7
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IH NMR (CDCls): § 2.70 (2H, m), 2.44 (2H, m), 2.07-2.00 (4H, m), 1.85 (8H, m), 1.82 (5H, m).
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IH NMR fraction 8-11
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IH NMR (CDCls): & 7.91 (1H, d, J=7.26 Hz), 6.36 (1H, t, J=7.64 Hz), 5.26 (1H, m), 4.18 (1H, m),
3.88 (1H, dd, J=9.64, 3.03 Hz) 3.68 (1H, m), 2.38 (2H, m), 2.07 (2H, m), 1.65 (3H, m), 1.51 (18H,
m), 1.26 (3H, m), 0.88 (2H, m).
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IH NMR fraction 12-17
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IH NMR (CDCls): § 7.58 (1H, d, J=9.20 Hz), 6.27 (1H, m), 5.89 (1H, d, J=8.26 Hz), 4.14 (1H, m),
4.08 (1H d, J=12.56) 3.84 (2H, dd, J=9.11, 2.83 Hz), 2.11 (2H, m), 1.92 (2H, m), 1.70 (3H, m), 1.53
(4H, m), 1.52 (14H, m), 1.28 (3H, m), 0.87 (2H, m).
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IH NMR fraction 18-23
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IH NMR (CDCls): & 1. 75 (3H, m), 1.27 (2H, m), 0.85 (1H, m).
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11.10 4-(((1S,3s)-adamantan-1-yl)disulfaneyl)-N-(1-(2R,4R,5R)-3,3-difluoro-4-
hydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-2oxo-1,2-dihydropyrimidin-4-
yl)butanamide (8)

11.10.1 *H NMR
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IH NMR (CDsOD): § 8.21 (1H, d, J=7.82 Hz), 6.20 (1H, dd, J=4.94, 4.61 Hz), 6.11 (1H, d, J=7.82
Hz), 4.31 (1H, m), 3.98 (1H, m), 3.82 (2H, dd, J=9.62, 3.81 Hz), 2.37 (2H, t, J=7.31 Hz), 2.29 (2H,
t, J=7.27 Hz), 1.31 (3H, m), 1.21 (2H, m), 1.14 (2H, t, J=7.34 Hz), 0.91 (2H, t, J=7.25 Hz).
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11.10.2 LC-MS

554.1185 [M+Na'], calc. for.

(C23H31N30sS, Na*): m/z: 554.1565

Deviation of 0.0380Da.

LC-MS: m/z
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10.11.3 ITC measurement - native 3-CD

At5 mM
6.1
6.05—
- |
S B
©
O _
=
~— 5.95—
o
D -
5.9—
5.85—
I]I|I|I|I|I|I|I|I
0 5 10 15 20 25 30 35 40
Time (min)
0_
-0.1

-0.3 MB12B5

- Model: One Set of Sites
[Cell] (M) = 250e-6

- [Syr] (M) = 5.00e-3

AH (kcal/mol)
T

-0.5— N (sites) = 1.8e-3 + 0.147

- KD (M) = 36.8e-6 + 12.7e-6
-0.6— AH (kcal/mol) = -80.0 + 6620

- Offset (kcal/mol) = -1.2e-2 + 2.3e-3
0,7~ AG (kcal/mol) = -6.05

- -T?S (Ikcalllmtl)l) :I 74|.0 I
0 0.5 1 1.5 2 25 3 3.5 4
Molar Ratio

Binding observed. However, the initial peak is higher than first measurement. The solution was
saturated to fast and the values are therefore unreliable.

Values reported:
Kp=36.8x10° + 12.7x10° M
Ka=27173 M
Reduced y?= 3.3x10° Kcal/mol?
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At 5 mM with n=1

DP (ucal/s)

285

MB12B5
Model: One Set of Sites

[Cell] (M) = 250e-6

[Syr] (M) = 5.00e-3

. N (sites) = 1.00

B KD (M) = 87.3e-6 + 193e-6

i AH (kcal/mol) = -0.229 + 0.197
Offset (kcal/mol) = 1.1e-2 + 3.2e-2
AG (kcal/mol) = -5.54

1 o “TAS (kcal/mol) = -5.31

I | T I T I I I I | I | I l I I T
o 05 1 15 2 25 3 35 4

Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data
points (systematic deviations).

AH (kcal/mol)
T

Reduced y?= 1.8x10 Kcal/mol?
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At 2 mM

DP (pcal/s)

AH (kcal/mol)

Time (min)

MB12B2

Model: One Set of Sites

[Cell] (M) = 250e-6

[Syr] (M) = 2.00e-3

N (sites) = 1.8e-3 + 3.3e-2

KD (M) = 20.0e-6 + 4.23e-6

AH (kcal/mol) = -80.0 + 1480
Offset (kcal/mol) = 6.7e-3 + 3.4e-3
AG (kcal/mol) = -6.41

-TAS (kcal/mol) = 73.6

I | I I I | I | I I ! | I I I | !
02 04 06 08 1 12 14 16

Molar Ratio

Binding observed. However, the initial peak is higher than first measurement. The solution was
saturated to fast and the values are therefore unreliable.

Values reported:

Kp=20.0x10° + 4.23x10° M

Ka=50000 M

Reduced ¥?= 6.4x107° Kcal/mol?

173



At 2 mM with n=1

6.12—
6.1
6.08 —
_ 6.06 | |
m —
>~ 6.04-
S 602
EaE
¥ 5]
() 598
596
5.94
5'92 I I I I T I T I I I I ] T I I I I
0 5 10 15 20 25 30 35 40
Time (min)
0.1
0 e 0 ® 0 oo %,
— i ®
—~ -0.1—
O -
c 02 MB12B2
~ _ Model: One Set of Sites
O _g3- [Cell] (M) = 250e-6
0 02
= 1 [Syr] (M) = 2.00e-3
= ad N (sites) = 1.00
I o KD (M) = 441e-6 + 8.39¢e-3
<D s AH (kcal/mol) = -1.55 + 24.5
T Offset (kcal/mol) = 0.290 + 2.00
B AG (kcal/mol) = -4.58
T e -TAS (kcal/mol) = -3.02
I l I l I I I | I l I I I I I I I
0 0.2 04 0.6 0.8 1 1.2 14 1.6
Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data
points (systematic deviations).

Reduced y?= 1.3x102 Kcal/mol?
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At I mM

6.08—
6.06—|
_ 6.04—
m -
=~ 6.02-
O ]
=5 6=
N 598—
D =
5.96
5.94—
5.92
T T T [ T T T T T [ T T © T 1
0 5 10 15 20 25 30 35 40
Time (min)
0—
— 05—
O i
= MB12B1
~ -1 Model: One Set of Sites
© [Cell] (M) = 251e-6
~ . [Syr] (M) = 1.02e-3
— 15— N (sites) = 1.7e-3 + 2.5e-2
r KD (M) = 12.3e-6 + 3.90e-6
< - AH (kcal/mol) = -80.0 + 1190
Offset (kcal/mol) = 2.1e-2 + 9.5e-3
o AG (kcal/mol) = -6.70
) -TAS (kcal/mol) = 73.3
T T T 1T T T 1T ™ 1 1
O 01 02 03 04 05 06 07 08

Molar Ratio

Values reported:
Kp=12.3x10°+3.90x10°M
Ka=81301 M

Reduced y?>=4.5x10* Kcal/mol?
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Reported Values:
AH=-80.0 + 1190 Kcal/mol
AG=-6.70 Kcal/mol

-TAS= 73.3 Kcal/mol
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At 1 mM with n=1

DP (ucal/s)

AH (kcal/mol)

6.08—
6.06—]
6.04
6.02

6
5,98
5,96

5.94—

552~
0 5 10 15 20 25 30 35 40

. MB12B1
Model: One Set of Sites

4 [Cell] (M) = 251e-6

[Syr] (M) = 1.02e-3

N (sites) = 1.00

KD (M) = 1.00e-12 + 133e-9
AH (kcal/mol) = -24.9 + 22.3

7] Offset (kcal/mol) = 24.6 + 22.3
AG (kcal/mol) = -16.4

-TAS (kcal/mol) = 8.48

| | I | I | | | I | | | | | | I I
0 01 02 03 04 05 06 07 08

Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data

points (systematic deviations).

Reduced y?= 5.8x102 Kcal/mol?
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11.10.4 ITC measurement - MBCD

At5 mM
6.1—
- | | | | |
6.08—
6.06—
L 604
©
O 6024
1 -
N 6_
ol ]
O 598
5.96—
5.94—
| T I T I T l T I T I T I T l T I T
0
-0.05
o~  =01—
g 7 MB12W75
& 55— Model: One Set of Sites
< [Cell] (M) = 251e-6
L § [Syr] (M) = 4.94e-3
— -ig- N (sites) = 1.2e-3 + 0.210
T | KD (M) = 80.9e-6 + 40.8e-6
P AH (kcal/mol) = -80.0 + 1.4e4
-0.25+ Offset (kcal/mol) = -3.7e-2 + 2.3e-3
| AG (kcal/mol) = -5.58
o -TAS (kcal/mol) = 74.4
’ I | I | I | I | I | I | | | I | I

o 05 1 15 2 25 3 35 4
Molar Ratio

Binding observed. However, the initial peak is about the same height as first measurement. The
solution was saturated to fast and the values are therefore unreliable.

Values reported:

Kp=80.9x10° + 40.8x10° M
Ka=12361 M1

Reduced ¥?= 2.1x107° Kcal/mol?
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At 5 mM with n=1

Bl—
-
6.08 —
6.06—
6.04 —
6.02—
6
2.98+

DP (ucal/s)

5.96—
5.94 —

AH (kcal/mol)

5 10 15 20 25 30 35 40
Time (min)

MB12W75
Model: One Set of Sites

[Cell] (M) = 250e-6

[Syr] (M) = 5.00e-3

N (sites) = 1.00

KD (M) = 109¢e-6 + 178e-6

AH (kcal/mol) = -0.155 + 0.109
Offset (kcal/mol) = -2.4e-2 + 1.7e-2
AG (kcal/mol) = -5.40

° -TAS (kcal/mol) = -5.25

| | I | I | I | | | I | | | I | I
0.5 il 1.5 2 2.9 3 8.5 4

Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data
points (systematic deviations).

Reduced y?= 3.6x10* Kcal/mol?
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At 2 mM

DP (pcal/s)

AH (kcal/mol)

611

6.1—
6.09—
6.08—
607 |
6.06—
6.05—
6.04—
6.03—
6.02—

6.01-

Time (min)

MB12W72
Model: One Set of Sites

[Cell] (M) = 250e-6

[Syr] (M) = 2.00e-3

N (sites) = 1.0e-3 + 5.7e-2

KD (M) = 22.8e-6 + 8.36e-6

AH (kcal/mol) = -71.5 + 4100
Offset (kcal/mol) = 1.1e-2 + 3.0e-3
AG (kcal/mol) = -6.33

-TAS (kcal/mol) = 65.1

I | I I I | I | I I ! | I l I | !
02 04 06 08 1 12 14 16

Molar Ratio

Binding observed. However, the initial peak is higher than first measurement. The solution was
saturated to fast and the values are therefore unreliable.

Values reported:
Kp=22.8x10° + 8.36x10° M
Ka=43860 M
Reduced ¥?= 4.6x107° Kcal/mol?
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At 2 mM with n=1

11—
6.1 ,
6.09—
6.08—
6.07
6.06—
6.05—
6.04—
6.03—
6.02—
6.01—

DP (ucal/s)

MB12W72
Model: One Set of Sites
] [Cell] (M) = 250e-6
[Syr] (M) = 2.00e-3

1 N (sites) = 1.00

AH (kcal/mol)
T

-0.2— KD (M) = 430e-6 + 8.02e-3
a AH (kcal/mol) = -0.761 + 11.7
-0.25— Offset (kcal/mol) = 0.151 + 0.966
— AG (kcal/mol) = -4.59
03 o -TAS (kcal/mol) = -3.83

| | | | 1 | | | | | | | | | | | |
0 02 04 06 038 il 12 14 16

Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data
points (systematic deviations).

Reduced y?= 2.9x10 Kcal/mol?
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At I mM

DP (ucal/s)
T

Time (min)

MB12M1

: Model: One Set of Sites
[Cell] (M) = 251e-6

- [Syr] (M) = 1.00e-3

=1 N (sites) = 1.0e-3 + 4.8e-2
KD (M) = 8.08e-6 + 4.91e-6

AH (kcal/mol)
T

L2 i AH (kcal/mol) = -74.2 + 3610
14 Offset (kcal/mol) = 4.6e-2 + 1.0e-2
= AG (kcal/mol) = -6.95
-1.6 -TAS (kcal/mol) = 67.2

T | T T T | T | T | T | T | T T T
0 61T 02 03 04 05 06 07 08

Molar Ratio
Values reported:
Kp=8.08x10°+4.91x10° M

Ka=123762 M
Reduced y?=6.4x10* Kcal/mol?
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Reported Values:
AH=-74.2 + 3610 Kcal/mol
AG=-6.95 Kcal/mol
-TAS=67.2 Kcal/mol
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At 1 mM with n=1

6.1—
6.09—
6.08— "
v 6.07
~ i
o _
T 606 |
=2 6054
S 604-
6.03
6.02—
601_ I | [ | I | [ | I | | | I | [
0 5 10 15 20 25 30 35 40
01—
O_
) ] [ ]
o -014 MB12M1
& . o Model: One Set of Sites
— -0.2+ [Cell] (M) = 251e-6
o - [Syr] (M) = 1.00e-3
03— N (sites) = 1.00
- KD (M) = 1.00e-12 + 204e-9
E 0.4 AH (kcal/mol) = -11.3 + 13.3
| Offset (kcal/mol) = 11.2 + 13.3
05— AG (kcal/mol) = -16.4
| -TAS (kcal/mol) = -5.04
@
T T ] T T T T T T T T T T
O 01 02 03 04 05 06 07 08

Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data

points (systematic deviations).

Reduced ¥?= 1.8x107? Kcal/mol?
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11.10.5 ITC measurement — HPBCD

At5 mM

5.95—
59
I | I | I | I | [ | I | I | I | I
0 5 10 15 20 25 30 35 40
Time (min)
-0.02
-0.04
-0.06
O -0084
= ~
>~ -0.1- Model: One Set of Sites
o . [Cell] (M) = 250e-6
~ 012+ [Syr] (M) = 5.00e-3
- 61 N (sites) = 2.22 + 0.577
L U KD (M) = 228e-6 + 279e-6
< g1s] AH (kcal/mol) = -0.253 + 0.144
R Offset (kcal/mol) = 9.4e-3 + 4.2e-2
018 — AG (kcal/mol) = -4.97
4 @® -TAS (kcal/mol) = -4.71
I | I I I | I | I | I ] I | T | I

0 @5 1 418 2 9% 3 By 4
Molar Ratio

Binding observed. However, the initial measurements are not good. The values are therefore
unreliable.

Values reported:
Kp=228x10°+279x10° M
Ka=4386 M
Reduced ¥?=1.2x10"* Kcal/mol?
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Values reported:
AH=-0.253+0.144 Kcal/mol
AG=-4.97 Kcal/mol
-TAS=-4.71 Kcal/mol
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At 5 mM with n=1

6.1

6.05—

DP (ucal/s)
T

59—
I T T T T T ] I |
0 5 10 15 20 25 30 35 40
Time (min)
-0.02—
- [}
-0.04—
__ -0.06
O o8-
= . B12HP5
= -01- Model: One Set of Sites
® . [Cell] (M) = 250e-6
x  -0124 [Syr] (M) = 5.00e-3
s N (sites) = 1.00
L =il KD (M) = 3.38e-3 + 3.24e-3
R AH (Kcal/mol) = -4.18 + 4.76
. Offset (kcal/mol) = 0.110 + 7.8e-2
-0.18— AG (kcal/mol) = -3.37
1 e -TAS (kcal/mol) = 0.813
I T 1 1 © 1 1T r 17

Values reported:

Kp= 3.38x107° +3.24x10° M
Ka= 296 M1

Reduced y%= 1.1x10* Kcal/mol?

1§ 2 95
Molar Ratio

3

3.5

4
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Values reported:
AH=-4.18% 4.76 Kcal/mol
AG=-3.37 Kcal/mol
-TAS=0.813 Kcal/mol
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At 2 mM

6.11—

6.1
6.09—
6.08—
6.07—
6.06—
6.05—
6.04—
6.03—
6.02—
6.01—

DP (ucal/s)

AH (kcal/mol)

Time (min)

MB12HP2

Model: One Set of Sites

[Cell] (M) = 250e-6

[Syr] (M) = 2.00e-3

N (sites) = 1.1e-3 + 6.0e-2

KD (M) = 25.1e-6 + 9.54e-6

AH (kcal/mol) = -80.0 + 4430
Offset (kcal/mol) = 1.4e-2 + 3.8e-3
AG (kcal/mol) = -6.28

-TAS (kcal/mol) = 73.7

T | I I T I T I T l T I T I T I T
02 04 06 08 1 12 14 16

Molar Ratio

Binding observed. However, the initial peak is higher than first measurement. The solution was
saturated to fast and the values are therefore unreliable.

Values reported:

Kp= 25.1x10°+9.54x10° M

Ka=39841 M

Reduced y?=6.9x10" Kcal/mol?
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Reported values:

AH=-80 + 4430 Kcal/mol
AG= -6.28 Kcal/mol
-TAS= 73.7 Kcal/mol
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At 2 mM with n=1

6.11—
6.1—_| ‘ [z
6.09—
6.08—: |
6.07

6.06—
6.05—
6.04—
6.03—
6.02—
601

DP (ucal/s)

MB12HP2
Model: One Set of Sites
[Cell] (M) = 250e-6
[Syr] (M) = 2.00e-3

AH (kcal/mol)
IG 1

02— N (SiteS) =1.00
i KD (M) = 433e-6 + 8.09e-3
-0.25- AH (kcal/mol) = -0.902 + 13.9
. Offset (kcal/mol) = 0.178 + 1.15
-0.34 AG (kcal/mol) = -4.59

-TAS (kcal/mol) = -3.69

I | | | I | I | I | I | ! | I | I
0 02 04 06 08 i 12 14 16

Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data
points (systematic deviations).

Reduced y%= 4.1x10 Kcal/mol?
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11.10.6 ITC measurement - SBEBCD

At5 mM
I 1|
{{{{{([[]] I
5.8
(4v)
O 54—
E
A 524
D -
5_
4.8—
T | T | T | T I T | T | T | T | T
0 5 10 15 20 25 30 35 40
Time (min)
- ®
-04-
-0.5-
—~ -0.6—
= _
g i MB12SE5
~. -0.8— Model: One Set of Sites
© - [Cell] (M) = 251e-6
B -l [Syr] (M) = 5.02e-3
~ s N (sites) = 3.2e-2 + 0.730
T - KD (M) = 566e-6 + 320e-6
= 117 AH (kcal/mol) = -80.0 + 1860
-1.2- Offset (kcal/mol) = -0.254 + 4.5e-2
- AG (kcal/mol) = -4.43
-1.3+ -TAS (kcal/mol) = 75.6
T | T | I | I | T | I I I | I | T

0 0.5 il 15 2 2.3 3 3.5 4

Values reported:
Kp=566x10°+320x10° M
Ka= 1767 M1

AH=-80 + 1860 Kcal/mol

AG= -4.43 Kcal/mol

-TAS= 75.6 Kcal/mol

Reduced y%= 1.2x10* Kcal/mol?

Molar Ratio
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At 5 mM with n=1

6_
5.8—
O 54
=z
A 52-
D -
5_
4.8
I | I ] I | | | | I | I | I | I
0 5 10 15 20 25 30 35 40
Time (min)
— [ ]
-0.4—
-0.5-
= -0.6-
(@) -
e 077 MB12SE5
S 08 Model: One Set of Sites
® i [Cell] (M) = 250e-6
X -09- [Syr] (M) = 5.00e-3
s N (sites) = 1.00
g il KD (M) = 232e-6 + 75.8e-6
11— AH (kcal/mol) = -1.85 + 0.365
. Offset (kcal/mol) = -0.289 + 4.1e-2
1.2 AG (kcal/mol) = -4.96
134 ° -TAS (kcal/mol) = -3.11
& I | I I I | | I I I | I | I | I
o 05 1 15 2 25 3 35 4
Molar Ratio

Kp= 232x10°+75.8x10° M
Ka= 4310 M1

AH=-1.85+ 0.365 Kcal/mol
AG=-4.96 Kcal/mol
-TAS=-3.11 Kcal/mol

Reduced y%= 9.3x10* Kcal/mol?
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At 2 mM

AH (kcal/mol)
T

MB12SE2
Model: One Set of Sites

[Cell] (M) = 250e-6

[Syr] (M) = 2.00e-3

N (sites) = 8.4e-3 + 0.452

KD (M) = 170e-6 + 180e-6

AH (kcal/mol) = -80.0 + 4370
Offset (kcal/mol) = -0.270 + 6.2e-2
AG (kcal/mol) = -5.14

-TAS (kcal/mol) = 74.9

Values reported:

Kp= 170x10°+180x10° M
Ka=5882 M

AH=-80 % 4370 Kcal/mol
AG=-5.14 Kcal/mol
-TAS=74.9 Kcal/mol

Reduced y?=1.1x10" Kcal/mol?

I | I | I | I | I | I | I
06 08 1 1.2 14 1.6

Molar Ratio
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At 2 mM with n=1

DP (ucal/s)

AH (kcal/mol)

0 02 04 06 08 1 12 14 16
Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data
points (systematic deviations).

Reduced ¥?= 5.3x107 Kcal/mol?
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At I mM

DP (ucal/s)
i

5.9
5.85—
I | | | I | | | | | | | | | | | T
0 5 10 15 20 25 30 35 40
Time (min)
_ e © ©
04—
5 06—
= i MB12SBE1
= 68 Model: One Set of Sites
© [Cell] (M) = 251e-6
)= . [Syr] (M) = 1.00e-3
Nt -1 N (sites) = 2.3e-3 + 0.104
T ] KD (M) = 38.8e-6 + 31.4e-6
< AH (kcal/mol) = -80.0 + 3640
-1.2 Offset (kcal/mol) = -0.283 + 3.3e-2
. AG (kcal/mol) = -6.02
14— -TAS (kcal/mol) = 74.0
' | | | | I | I | I | I | I | I | I
O 01 02 03 04 05 06 07 08

Values reported:

Kp= 38.8x10% +31.4x10°
Ka=25773 M!

Reduced y?=1.5x10" Kcal/mol?

Molar Ratio
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Values reported:

AH=-80 £ 3640 Kcal/mol
AG=-6.02 Kcal/mol
-TAS=74.0 Kcal/mol
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At 1 mM with n=1

DP (ucal/s)
7

5.85

Time (min)
D=
03— 5
04—
-0.5—
- 5 MB12SBE1
0.6

Model: One Set of Sites
[Cell] (M) = 251e-6
[Syr] (M) = 1.00e-3

AH (kcal/mol)

-0.8 N (sites) = 1.00
40,5~ KD (M) = 691e-6 + 32.5e-3
. AH (kcal/mol) = -5.34 + 217
'1__ Offset (kcal/mol) = 0.607 + 8.71
i, i AG (kcal/mol) = -4.31
15 ® -TAS (kcal/mol) = 1.03

T | T I T I T | T | | | T | T | T
0 6T 02 03 04 05 06 07 08

Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data
points (systematic deviations).

Reduced ¥?= 1.3x107? Kcal/mol?
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10.10.7 ITC measurement — DBCD

At 5 mM

DP (ucal/s)
il

Time (min)
O_
BT~
-0.2
e
o ]
E -04- MB12TTN5
= 55 Model: One Set of Sites
g o [Cell] (M) = 250e-6
~  -06— [Syr] (M) = 5.00e-3
- 0.7 N (sites) = 2.6e-3 + 9.2e-2
L S KD (M) = 42.2e-6 + 9.71e-6
< s AH (kcal/mol) = -80.0 + 2850
5 Offset (kcal/mol) = -3.9e-2 + 2.2e-3
-0.9+ AG (kcal/mol) = -5.97
1 -TAS (kcal/mol) = 74.0
T I T r T I T I T I T I T "I T I T
0o 05 1 15 2 25 3 35 4
Molar Ratio

Binding observed. However, the initial peak is higher than first measurement. The solution was
saturated to fast and the values are therefore unreliable.

Values reported:
Kp=42.2x10%+9.71x10° M
Ka=23670 M

AH=-80 + 2850 Kcal/mol
AG=-5.97 Kcal/mol

-TAS= 74.0 Kcal/mol

Reduced y?= 2.8x10° Kcal/mol?
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At 5 mM with n=1

DP (ucal/s)
T

Time (min)
O_
- e ©6 © o ©
-0.05— e
. -0.14
6 —
e 0o . MB12TTN5
>~ g2 Model: One Set of Sites
© - [Cell] (M) = 250e-6
Y -0.25- [Syr] (M) = 5.00e-3
e i N (sites) = 1.00
L -034 KD (M) = 93.3e-6 + 187e-6
<] . AH (kcal/mol) = -0.340 + 0.274
-0.35 Offset (kcal/mol) = 8.7e-5 + 4.4e-2
T AG (kcal/mol) = -5.50
04— o -TAS (kcal/mol) = -5.16
7] I | | | I | I | I | I | | | 1 | 1

0 65 1 415 2 25 3 35 4
Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data
points (systematic deviations).

Reduced ¥?= 5.3x107 Kcal/mol?
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At 2 mM

6.1

6.05— | |

DP (ucal/s)

Time (min)

0.8 MB12TTN2
i Model: One Set of Sites
[Cell] (M) = 250e-6

AH (kcal/mol)
T

12 [Syr] (M) = 2.00e-3
- N (sites) = 2.5e-3 + 3.1e-2
-1.4— KD (M) = 20.0e-6 + 4.00e-6
1.6 AH (kcal/mol) = -80.0 + 1000
- Offset (kcal/mol) = -7.9e-3 + 4.5e-3
-1.8 AG (kcal/mol) = -6.41
2] -TAS (kcal/mol) = 73.6

I | I | I | I | I | I | I | I | I
0 02 04 06 08 1 12 14 16

Molar Ratio

Binding observed. However, the initial peak is higher than first measurement. The solution was
saturated to fast and the values are therefore unreliable.

Values reported:

Kp=20.0x10° +4.00x10° M
Ka=50000 M

AH=-80 £ 1000 Kcal/mol
AG=-6.41 Kcal/mol
-TAS=73.6 Kcal/mol

Reduced ¥?=1.1x10* Kcal/mol?
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At 2 mM with n=1

6.1

6.05—

DP (ucal/s)

0 e o © ¢ o

MB12TTN2

O
E 037 Model: One Set of Sites
‘© -04- [Cell] (M) = 250e-6
< 5] [Syr] (M) = 2.00e-3
b . N (sites) = 1.00
T -06+ KD (M) = 436e-6 + 8.40e-3
<1 7] AH (kcal/mol) = -2.14 + 34.1
il Offset (kcal/mol) = 0.385 + 2.80
-0.8— AG (kcal/mol) = -4.58
09— e -TAS (kcal/mol) = -2.44

I | I I I I T I ! | I I I I I I I
0 02 04 06 08 1 1.2 14 16

Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data
points (systematic deviations).

Reduced ¥?= 2.5x1072 Kcal/mol?
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At 1 mM

6.1
6.05—
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- Py PS o
0— s 7 "
= -0.5-
@)
c . MB12TTN1
s, Model: One Set of Sites
© [Cell] (M) = 251e-6
i ] [Syr] (M) = 1.00e-3
— -1.5- N (sites) = 2.6e-3 + 8.4e-2
T . KD (M) = 16.5e-6 + 16.7e-6
< L, AH (kcal/mol) = -80.0 + 2650
Offset (kcal/mol) = 8.7e-2 + 4.8e-2
] AG (kcal/mol) = -6.52
-2.5- -TAS (kcal/mol) = 73.5
I | I | | | I | | | | | I | I | I

0O 01 02 03 04 05 06 07 08
Molar Ratio

Values reported:
Kp=16.5x10°+16.7x10° M
Ka=60606 M

Reduced %?>=9.1x107 Kcal/mol?
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Signature

80

60

40

20

T

(kcal/mol)

1
N
T

%
T

-60-

-80-

Values reported:

AH=-80 £ 2650 Kcal/mol
AG=-6.52 Kcal/mol
-TAS= 73.5 Kcal/mol
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At 1 mM with n=1

6.1—
6.05—
o i
-~
S o
= i
5 595
59—
7] I | I | | l I | T | I | I | T | I
0 5 10 15 20 25 30 35 40
Time (min)
0.2
O._
e -0.2—_
E -04- " MB12TTN1
~ - Model: One Set of Sites
T -064 [Cell] (M) = 251e-6
2 g [Syr] (M) = 1.00e-3
= RAT N (sites) = 1.00
L 1 KD (M) = 703e-6 + 49.6e-3
< . AH (kcal/mol) = -8.04 + 492
-1.2— Offset (kcal/mol) = 1.47 + 19.5
14 AG (kcal/mol) = -4.30
AT e -TAS (kcal/mol) = 3.74
I | I | I | I | I | I | I | | | I
0O 01 02 03 04 05 06 07 08
Molar Ratio

The values obtained from fixating n=1, has to be disregarded as the fit is not in line with the data
points (systematic deviations).

Reduced y?= 7.4x107? Kcal/mol?
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11.11 4-N-3"-O-Bis(tert-Butoxycarbonyl) Gemcitabine (11)

11.11.1 From Gemcitabine (Na.COs3 as a base).
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IH NMR ((CD3)SO2): § 7.64 (1H, d, J=7.54Hz), 7.43 (1H, d, J=14.16Hz), 6.22 (1H, t, J=9.0 Hz),
5.80 (1H, d, J=7.38), 4.15 (1H, m) 3.75 (1H, m) 3.65 (1H, m), 1.46 (9H, m).
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11.11.2 From (10)
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IH NMR ((CD3)SO5): & 8.10 (1H, d, J=7.59 Hz), 7.08 (1H, d, J=7.79 Hz), 6.25 (1H, t, J=8.6 Hz),
5.31 (1H, d, J=5.81 Hz), 4.23 (1H, m) 3.76 (1H, dt, J=3.66, 12.45) 3.66 (LH, m), 1.45 (9H, s).
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11.12 ((2R,3R,5R)-5-(4-((tert-butoxycarbonyl)amino)-2-oxopyrimidin-1(2H)-yl)-3-
((tert-butoxycarbonyl)oxy)-4,4-difluoro-5-methyltetrahydrofuran-2-yl)methyl
((BR,5R,7R)-adamentane-1-carbonyl)glycinate (13)

11.12.1 Before Purification
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IH NMR (CDCls): 5 7.88 (m), 7.75 (m), 4.47-4.42 (m) 4.40 (m), 4.38 (M), 4.36-4.34 (M), 1.92 (m),
1.74 (m), 1.35-1.22 (m).
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11.12.2 Purification

Run Name: MFB/2017-0505_07-17-47 mbl3
m Run Date: 2017-05-05 07:27

Column: Revelens® Silica 40g Solvent A: Methylene chloride UV Threshold: 0.05 AU ELSD Threshold: 20 mV
Flow Rate: 40 mL'min Solvent B: Methanol UV Sensitivity: Low ELSD Sensitivity: Low
Equilibration: 7.1 nun Solvent C: Empty UV1 Wavelength: 254 nm Collection: Collect Peaks
Fun Length: 25.0 mun Solvent D: Empty UV Wavelength: 265 nm Per-Vial Volume: 8.5 mL
Mode: Flash Liquid Slope Detection: Off UV3 Wavelength: 280 nm Non-Peak Volume: 8.5 mL
B solvents M ELso uvi Buvz B uvs
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1364 | | | 1.26
E 1013 (Al | 090 5
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11.12.3 After purification

IH NMR fraction 2-9
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IH NMR (CDCls): § 2.47 (1H, m), 2.32 (1H, p, J=2.54 Hz), 2.14 (3H, m), 2.06 (3H, d, J=2.94 Hz),
1.68 (2H, m), 1.61 (1H, t, J=3.19 Hz), 1.25 (4H, m), 0.85 (2H, m).
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IH NMR fraction 10-13
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IH NMR (CDCls): 58.79 (1H, m), 8.52 (1H, s), 4.61 (2H, s), 4.32 (1H, tt, J=12.40, 3.50 Hz), 3.71
(1H, m), 2.06 (1H, d, J=2.92 Hz), 1.94 (3H, m), 1.86 (3H, dt, J=12.91, 2.92 Hz), 1.71 (4H, m), 1.54
(9H, m), 1.39 (3H, m), 1.25 (3H, m), 0.86 (2H, m).
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IH NMR fraction 14-16
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IH NMR (CDCls): & 7.93 (1H, d, J=7.68 Hz), 7.49 (1H, m), 4.21 (1H, m), 4.09 (2H, m), 3.91 (2H,

m), 1.97 (5H, m), 1.71 (4H, m), 1.54 (18H, m) 1.37 (4H, m), 1.12 (2H, m).
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IH NMR fraction 17-26
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IH NMR (CDCls): § 7.92 (1H, d, J=7.51 Hz), 7.58 (1H, m), 6.36 (1H, t, J=7.76 Hz) 4.18 (2H, m),
4.05 (2H, d, J=12.22 Hz), 3.87 (2H, d, J=12.22 Hz), 1.93 (5H, m), 1.71 (4H, tt, J=13.86, 3.75 Hz),
1.51 (18H, m) 1.32 (4H, m), 1.11 (2H, m).
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11.13 ((2R,3R,5R)-5-(4-amino-2-oxopyrimidin-1(2H)-yl)-4,4,-difluoro-3-3hydroxy-5-
methyltetrahydrofuran-2-carbonyl)glycinate (5)

11.13.1 'H NMR
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IH NMR (CDsOD): § 8.12 (1H, d, J=8.13 Hz), 6.21 (1H, m), 6.06 (1H, d, J=8.12 Hz), 4.30 (1H, m),
3.96 (2H, m), 3.81 (2H, dd, J=9.56, 3.20 Hz), 3.47 (1H, m), 1.87 (4H, dd, J=9.91, 3.30 Hz), 1.73 (1H,
dt, J=13.89, 4.02 Hz) 1.37 (3H, m), 1.21 (2H, m), 1.14 (2H, m), 0.92 (2H, t, J=7.52 Hz).
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11.13.2 LC-MS

LC-MS: m/z = 505.1605 [M+Na*], calc. for.
(Ca2H28F2N40s Na*): m/z: 505.1869

Deviation of 0.0264 Da.
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