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Abstract

Cancer wasesponsible for aestimated 13% of all deaths worldwide in 20TBe main treatment

for cancer remains chemotherapwpwevey it faces problems due tow specificity and systemic
toxicity. A way to improwe chemotherapy is to use nanocarrgrsh as cyclodextringhis 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 cyclodextramd therebyninimize theside 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

Assessmentsf each molecule were made dodr different prodrugs (two of each) wedesigned
and synthesized.he final four productswere isolated in ~120 mg The complex formation ahe

synthesizd prodrug wasanalyzd by ITCF i v e d i-dydodextensdérivabveswere chosen
and obtained Kvalues were compared.



Resumé

Kreeft anslasat veere ansvarlig for 13 % af alle dedsfald pa verdensplan i 2012. Den primzere

behandling for kreeft er fortsat kemoterapi, men behandlingen er langt fra perfekt. Kemoterapi

kaemper blandt andet med prabler som lav specificitet og systemisk toksicitet. En made at forbedre

kemoterapi er ved hjeelp af sakaldte nanocarr&rsom cyclodésiner. Dette studie beskeeftiger sig

med syntesen girodrugs fra kendte arkraeft medicin for at gge deres kompleksdannelse med

cyclodextrinerFokus har veeret pa syntesen af Doxorubicin egn@tabin prodrugs for at minimere

bivirkningerne og forbedre derefiaitet.

NH,
0 OH 0
OH
Xy
on |
HO
N 0
_© 0 OH O NH, °
F
0
OH
OH F

Det blev vurderet hvilke linkeder \ille virke bedst for hvert molsfe. | alt blev fire prodrugs (to af
hver) syntetiseret. Hver af de endelige produkter blev isolerg®-20 mg Kompleksdannelsen af
de syntetisereprodrug blev analy®ret via ITC Fe m f o r scdyctodektiindesivatérblev

udvalgt ogde opnaed&a vaerdierne blev sammenlignet.
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Synthesized compounds and target molecules
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1. Introduction

In 201Q there were 14.1 million new cancer cases, &#lon individualsliving with cancer within
5 years of diagnosis and 8.2 million cancer deahsivalent toan estimated 136 of all deaths
worldwide! Cancer is generic term foa large group of diseas@sade up oflifferent and distinctive
disease$.However, the diseases all have common trBitsdanaharandR. A. Weinbergproposed
six socalled hallmarks of cancér 20003 These includsustaining proliferative signiab,* evading

growth suppressorand resisting cell@ath® All six hallmarkscan be seen ifigure 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 difflerens in each body area. Most
cancers are named for the type of cell or organ in which theyGtarter often stastvith abnormal

cell growth, aneoplasmThese often grow faster thaealthy cells and will continue to grow if not
treated. A neoplasigan eithebe benigror malignant (cancerous). In the cancerous ¢asesoplasm

is often referred to as tumoflumor cells accumulate mutations that riésin unscheduled
proliferation® for exampleknock down op53or Ras (an oncogehbecomingconstitutively active
Cancer cellalso acquire genomic instability which leads to additional mutations and chromosomal
instability. All this resuls in proliferative advantages and an increased susceptibility to accumulate

additional genetic alteratiorigAn illustration of a cancer cell cycle can be seefigare 2
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Aberrant
mitogenic signalling

Chromosomal instability ' e

3 g — % s
* Defects in mitotic O\ Unscheduled proliferation
checkpoints and ) % TSP
chromosome segregation Mitosis G\ . Au'we mitogenic sensors
[ 8 | T V) « Defective mitogenic breaks

I I \
CDKI » Overcome oncogenic stress

| | I |
\ I

\. "..\ 3 /r /.
LN Interphases J

A7 </

"

Genomic instability

» Defective DNA repair
and DNA damage
checkpoints

Figure 2: Cancer Cell cycle.”

The body is not without a defemsystem when it comes to preventing malignant neopla@ms.
Ehrlich proposed that both native and adaptive imnuafengsplay a rolen preventing canceM.
Burnet extended that theory and used the wordunosurveillaneto describghe immunological
resistanceo cancerdevelopment. The immunosurveillance theowas set forth over 50 yearsag
and still haghe immunologial scientific community divided, ainly due tolack of convincing data
of in vivoimmunologicalradication of precancerous lesidsccording to the immunosurveillance
theory, he immune system should reject cancer cells basedeomtiatated profile. However, due
to tolerance, the immune system seeiec an c e r ¢ e'f Treatmentsis thereferé rfecessary

andcan comen the form ofsurgery, chemotherapy,diatherapy and immunotherapy.

1.1 Chemotherapy

A chemotheraguticis a chemical that binds to and specifically kills microbes or tumor cells, in short
a drugtherapyfor cancer.Chemotherapeutidrugs are classified accongj to their mechanism of
actionand are divided into five subcategorietkylating agents, antimetabolites, anticrotubule
agents, topoisomerase inhibitors and cytotoxic agémtssingle chemotherapy drug can be uasd
treatmentbut often multiple drugs with differentechanisms action are used in combination. This
improves the chances of killing cancer cells and reslineechance of cancer cells becoming resistant
to any me drug.Resistancein this caseis defined as eithea lack of tumo size reduction or the
occurrence ofrelapseafter an initial positive responsé Most chemotherapgic agents target
dividing cells, regardless of whether it is a dividing tumor celiave intestinal epithelial ceff® 14
They do so with the same potencwhich resuls in low speificity and systemic toxicity> ©

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

Doxorubicin Dox), also known as Adriamyciig an anticancer dru@ox, shown in figure 3, isised

to treat several cancers including breast, lung, gastric, ovarian, thyroithoahg k i nés and H
lymphoma, multiple myeloma, sarcoma, and pediatric cait&tsere are two proposed mechanisms

of action for Dox. One is the intercalation into DNA, whiehds to breaking of DN or poisoning

of topoisomerase I 2° which leads to cell death.

0 OH o

OH

O o OH O NH,
o

OH

Figure 3: Structure of Dox.

The other igjeneration of free radicat$Dox can generate free radicals by undergoing aeteeiron
reduction to form a DO>»6emiquinone radicatjoxorubicinol This radical can be +exidized back
to DOX, which leads to the formation of reactive oxygen species (REDS ultimately leads to
cell deathHowever, thauseof Dox is limited due to systemic toxicities, primarily cardiotoxicity and

immunosuppressiott. 23

1.1.2 Gemcitabine

Gemcitabine (Geyn shown i figure 4 is an anticancer nucleoside amwianalog of deoxycytidiné:

It is used intravenously and is active against solid tumors, including colon, lung, pancreatic, breast,
bladder, and ovarian cancéfssemworks as an antimetabolite towards NH,

pyrimidine?® Gem is formulated as a prodrug and needs to be

phosphoryl ated by deoxycytidine Kki S i nto
triphosphategemcitabine, which is incorporated into the DNA strand, |

halting its elongion and causing cell death. Gdras high toxicity and HO /K
a very short plasma hdlife due to rapid metabolizing in the blood, liver ¢}
and kidneys as a consequence of deamination by cytidine deaminase into

the inactive uracil derivativ€.Gem has a hydrophilic nature and cannot

cross cell membranes through passive diffusfon. 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 ain vivo transformation, either enzymatic or chemical, to release the activé’dfhg.
formulaion of a prodrug is an established strategy to improve the physicochemical,
biopharmaceutical or pharmacokinetic propertfeghe drudpromoiety is pharmacologically
inactive and made up of a pharmacologically actiweydind a promoietygs ser in figure 5 The

drug is covalently bound to the promoiety via bioreversible groups that are chemically or
enzymatically labile, such @ esterbond®!

li |
P
i i
| transformation
| 1
7 i
N l
o 66
1 1
| 1
arries

Barrier
Figure 5: Schematic of prodrug design.3°

Enzymatic
and/or chemical

Prodrugs make it possible to overcome a variety of barriers to drug formudatiodelivery such
as poor aqueous solubilifghemicalinstability, insufficient oral absorptioand tcicity.2° Another

advantage ofdrugsis the possibility foimproved drugtargeting througtsite specificdelivery.*°

1.2.1 Enhanced permeability and retention

Tumor tissue hasnatomical and pathophysiological abnormalittesnpared to healthy tissde.
When tumor cells reach a size af 2 mm angiogenesis is induced, to provide more nutrition and
oxygen to the tumor ceilf The blood vessels in the tumor are irregular in shape, dilated, leaky or

defective, and the endothelial cells are poorly aligasilustratedin figure 63

Q Drug-containing nanoparticle

Q{'éu'i Cancer cell
= VEGF, prostaglandins, nitric oxide, bradykinin @ o

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
enddhelial growth factor (VEGF), te.3® All these different factors lead to abnormehnsport
dynamics, especially for macromolecular drég3his phenomenon was later termed enhanced
permeabilityand retentiofEPR) effect and paved the way for the passive targetingrors using
nanaizeddrugs.EPRbased tumiotargeting requires macromolecular dysi to have longer halife.

Drugs can therefore be modified with waseluble polymers such a®lgethylene glycol (PEG),
cyclodextrin(CD), etc.%® Thepolymers carurther help in site specific deliveriResearch has shown
thattissue and cell distributigorofiles of anticancer drugs can be controlled by their entrapment, and

thereby increasthe antitumor efficacy and redusgstemic sideffects!?

1.3 Host-guest supramolecular chemistry

J-M. Lehn,D. J.Cramand C. J.Petersen won the Nobelipe in 1987%® on account ofitheir
development and application of molecules with highly selective structurespecific interaction, i.e.
molecules that can "recognize" each other and choose with wkien molecules they will form
complexed® HostGuest systems utilize nesovalent interactions, which include hydrogen
bonding interactions,-" stacking, van der Waals forces, hydrophobic/hydrophilic attractions and
electrostatic interactiorf. These nao-covalent interactions providen easy approador building
supramolecular structure8. wide-range of norcovalentsupramolecular systems such as vesicles
and nanoparticles has been develogedrug carrierdf designed correctly these may act as vehicle

and be ble to target tumocells, while protecting the drug from degradattén

1.3.1 Cyclodextrins

CDs are nanometric biomaterials with supramolecular propét3sareone among the many host
molecules discovered and utilized for building up supramolesytaemsCDs ca enhance apparent
water solubility by forming dynamic, necovalent, wagr-soluble inclusion complexe€Ds are a
class of macrocyclic rings composed i,4-glycosidic bond linked oligosaccharideBhey are
classified as either natural @erivedCDs *? Most usedareCDs cortaining six, seven or eight glucose
uni ts, commo-ni i aledsi®he intermal diameter varigseing 0.57 nm, 0.78nm
and 0.95 nm respectivelZDs generally have a truncated structure, as sekguire 7, due to the
lack of free rotation around the bonds connecting the glucopyranoséiunits.
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Figure 7: Schematic representation of U-CD (left) and b-CD (right).44

The inernal cavity of CDs contains only hydrogen atoms and oxygen byiddps the hydroxyl
groups are forced on the outer edy&he exterior ighereforehydrophilic while theinterior cavity
is hydrophobic.The hydrophobic region can serve as a reservoir for hydrophobic drugs while the
hydrophilic exterior keeps it from being absorbed by macrophddémy have insignificant toxicity
and theiimproved bioavailability renders them suitable for functional delivery systt@Bsform
an inclusion complex, often 1:throughanequilibrium process wheite free guest molecules are
in equilibrium with molecules in the compleas described in equatiotf®*’ The cavity ofCDs is
occupied by water in aqueous solutiéfighe occupancy by water is energetically unfavoratléle
the displacement of water is a driving force for the complexation.
Oi 6"Q 60 [Oi GO

Equation 1: equilibrium between free CD and CD complex
CDs are mainly usenh the phamaceutical industras complexing agents to increase the agueous
solubility of poorly watetsoluble drugs, to increase thbeioavailability and stability® 4°f -CD is
ideal for thispurposebecause aits cavity size, efficient drug loading, availability and cSEDs do
not readily cross biological membranes &id-drug complexes artnerefore mostly administered
by injection?’ In 2010 there were 35 different pharmaceutical products containirgy ddDthe
marked®® b-CDs are the most studied when it comes to pharntazapplicatiorP however, the
aqueous solubility idow.** 46 Derivatives ofb-CDs with higher aqueous solubilityave been
synthesied such asnethytb-CD (MbCD), hydroxypropyb-CD (HPbCD), and sulfobutyletheb-
CD (SBEOCD). Methyl-derivativeso f -Cis are highly soluble, butvere found & have strong
systemic toxicity, whereahe two others have the lowest hemolytic effé&Ds generally have a
great functionalization capactand he gogresswithin this field has contributed to advancement
in chemotherapyThe development oCD-chemotherapydelivery systens offers the possibility of

more effective treatment witlewerside effect$?
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1.3.2 CD-Adamantane complex

Among the many hydrophobic or amphiphiliolecules studied as guestiTomplexation witfCDs,
special attention has been given eCD complexation withadamantyf® Adamantae is a
symmetricalandstable structure. Thedamantyl groupas adiameter of 7 £31n 1989 M. R. Eftink

et d.>* determinedthe thermodynamic parameters for interaction of alicyclic carboxylic acids
(including 3homoadamantanecarboxylate; adamantanecarboxylate and cycloheoeatite acid
amongst others) witbk a n dcycfodextrin hostsThe study showed that adamantyl fightly in the

b-CD cavity>* as illustrated in figure.8

Figure 8: Illustration of b-CD complex with adamantyl.53
Because of the tight fit, adamantyl and adamandanieatives form 1:1 inclusion complexes with
CD, normally with an equilibrium constabetween 1 1°PM'234The interi or- of t
CD is not a smooth cone. H3 and H5 atoms of each glucose residue protrude into the cavity, and
thereby forms a constricteshtrance?® This gives way towo different isomeric complexdsetween

adamantylderivativesa n dCDfran be formeeP
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2. Thesis statement

The overall concept of this project is to investigate the possibilities of modifying anticancer drugs to
enhanceheir complexation withCDs In order to keep the pharmaceutical properties of the drug
prodrug will be designed. The formationtb& prodmugs will be based on two anticancer drugex
andGem Both these drugs are highly water soluble, which m#éetshey do not complex well with

CDs without modifications.

CD and adamantane is aasily assembled and well demonstrated systerherefore, m order to
enhance complexation between the two drugs@is anadamantyl moietyill be linkedto the

drugs As mentioned earlier, theare different things that need be considered when desigg a
prodrug. In the case of DandGem they both possess more than one functignalip, therefore

the coupling with the linker needs to tiegemoselective An ester bond would be an ideal choice as

it is biodegradableHowever there is an amine present in both moleculesta@dormation omide

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 amketone, phenol and hydoxyl-groups as seen in
figure 9 An ester bond would be ideal, but to facilitate such a reaction, protettiom amine group
before and deprotection aftgthe conjugatioris required. It is possible but given the multifuncéibn

structure it may result in degradatiof Alternative options will therefore be explored.

3.1.1 Retrosynthesis of (1) via a hydrazine bond
Onealternative to the ester bond would beomjugation betwen theketone group irl3" position

on Dox and hydrazine groups of polymeric carriers by forming an-kadide 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 biodegradaftevever, H. Haret al®® demonstrated that a
disulfide carbonate bond could be reducedjloyathione(GSH) and generate a thiol intermediate,

which wouldrelease the drug through entramolecular cyclizatioA’

NH,

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



3.2 Retrosynthesis of Gemcitabine

Gembeas bothanamine and twdydroxyl groupsasseen irfigure 9

3.2.1 Retrosynthesis of (5) via an ester bond

An ester bond would be ideal daachievable through conventional carboxylate couphwith 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 mentioneda disulfide carbonateondcould be educed by GSHyenerating thiol intermediate,
whichwould release the drugrough an intramolecular cyclisatiéh®® This methodvould provide
protectionof the amine by forming an amide bond and it walichinate the protection steps taken

in the previous retrosynthesis.

\N \N
(0]
" | /K 7 | /K MS
N ° N ° o g

OH F OH F “

(¢]
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 restefpsnand the associated

mechanisms.

3.3.1 Reactants

3.3.1.11-adamantanecarbonyl chlorid@)(

1-adamantanecarbonyl chloride candasily made from-hdamantanecarboxylic acid by refluxing

it in thionyl chloride or by reacting it with oxalyl chloride and a catalytic amoubi\iF.

NS

Figure 14: Synthesis of (7).

The electrophilic sulfr atomof thionyl chlorideis attacked by the carboxylic acid aaliminates a
chloride ion and forms an unstable electrophilic intermediate. The intermediate is then attacked by
the chloride ion to give tetrahedral intermedjatiich collapses to produce the acyl chloride with

sulphur dioxide and hydrogen chloridegassesThis is illustrated in figure 15

0’7(

”) / /'CI
\CI . |3\0| Y |
0
cl
cl o _o0 o, _Cy
HCl + SO, 4+ - ‘)\ﬁ
E { 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 chlorided the active chlorinating agemthich reac$ with 1-adamantane
carboxylic acid to produce-ddamantanecarbonyl chloride and regenermatds. 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.

3.3.1.2Chloronation of benzotriazo@) (

Benzotriazoleshave a very useful set of properties. It is stable and a good leaving group and

derivativescan easily be preparéd.

N N
N\ 5% NaOCl AN
/N 50 % AcOH /N

N
H
cl

Figure 17: Synthesis of (9).

1-chlorobenzotriazole (BtCl) can lprepared byeactingbenzotriazole witthypachlorite Sodium

hypochlorite is inexpensive and strong oxidizing agentThe mechanism shown in figure 18

resembles the first step afWeerman degradation.

\\N eO—Cl CI—OH
N// < /
\

Figure 18: Mechanism for synthesis (9).
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3.3.2 Doxorubicin

3.3.2.1Disulphide bond formatio8)(

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

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

Hunteret. al®® designed an effective protocol for the synthesis of unsymmetrical aliphigtiatic
disuffide. The authors pposed this meciéstic cycle, shown in figure 20.
o]

J\/\/SH
HO

Figure 20: Asymmetric disulfide bond schematic.
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The reaction mechanism involves twg23ike reactiong$! as shown in figure 2IThe nucleophilic

attackfrom sulfur leads to displacement of chloride and benzotriaes[@ectively

Figure 21: Reaction mechanism for synthesis of (3).
3.3.2.2Amide bond4)
This reaction relies on the formation afmide bonds beinfavored in conventional carboxylate

coupling reactions

o OH o
OH
0
Dox
s
OH
HO g

u

o o OH o N

- \”/\/\S/s

[e] [¢]
OH

Figure 22: Formation of (4).
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The carboxylic acid is deprotonated BYPEA and HBTU to give an @cylurea and then aD-
benzotriazole®@Bt) active ester, which in tuns more reactive. The OBt ester reacts with the amine

to form the amidgas shown in figte 23

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

Hydrazine, which is more nucleophilic than a regular aminagtsewith 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 nucleophilicnitrogen from the hydrazinattacls the carbonyl which leads to the elimination of

water and the formation of a hydrazone.

— (Y

(O (0]

Hy HO. 0.
SN /\)j(—\ s |/NH2—> s /\><//NH2
s OH s Ne s N
Syt H

: NH,NH,
2

Figure 25: Reaction mechanism to form (2).
3.3.2.4Imine formationl)

The imine is formed when the primaaynine reacts witkthe ketone group i 3" positionon Dox.

NH,

OH

Figure 26: Imine formation (1).

Normally, imine formatiorusesan acid catlyst, to speed up the reaction. HoweJeis teaction is
not catalyzeddue to the unstable nature o6 The mechanism shown in figure Brtherefore

without a catalyst.
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Figure 27: Reaction mechanism for imine formation (1).

3.3.3 Gemcitabine
3.3.3.1 N-Adamantanoylglycing)

This is a nucleophiliacyl 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.

Hojb/gl e ¢ ('r\

A

Figure 29: Reaction mechanism for the formation of (6) by nucleophilic acyl substitution.
The hydrogen ion from the nitrogen can either be removed bghibeide ion (as showim figure
29) or by a glycie molecule.
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3.3.3.2Protection of Gemtabine(10) and (1)
The protection of amine group is necessary in order to avoid any unwanted side reactions in the

following reactionsteps. This can b@one by using diert-butyl dicarbonate (tc) as gprotecting

group.

NH, NH, NHBoc

N

\N
HO ‘ /K HO /K ‘ /K
o | O (Boc), © (BOC)z o | ©

/o F /O

Boc

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

Thisisdone intwstepst he first step pr ot e astskowr imfigurei3¥ dr o xy

and the second protects the amine'fipdsition as seeim figure 32

L o U
WW 5

I

Figure 31: Boc-protection mechanism to produce (10).
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(0] HO

Xy
o LI
N o
0.
F
o F
Boc/
Figure 32: Boc-protection mechanism to produce (11).
3.3.3.3Amide bondormation(12)
This reaction lead® an amide bond and is catadgzby EDC and HOB.
(o]
NH, HNMS\S
X 0 Y
| /K )I\/\/S\ | /K
HO Ho S . HO
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 -acylurea. HOBthen reacts with
the Oacylurea to give the OBt active estehich in turn is more reactive. The OBt ester reacts with

the amine to form the amide and HOB is restofdek me&hanism can be seen in figure 34

Qe 2=,

_E:N’\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.
3.3.3.4Esterification(13)

This is a standarésteffication between a hydroxyl group and a carboxylic acid.

NHBoc

SN NHB
oC

0 o) NN

H
o N\)J\ B /‘K
OH /W
O F o)
Boc”
F

F

Figure 35: Formation of (13) through esterlflcatlon.
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The aldition of a proton makes the carbonyl carbon more electrophitentibleophilic oxygen of
the alcohol attacks andiwes a tetrahedral intermediate with two hydroxyl groups. One of these

hydroxyl groups is eliminated as water after a proton shift to the astshown in figure@®

NHBoc

®0H OH

wo.
H H H
0 N\)k ® | o N\)k O N =< Boc
oH H_ OH —= OH

NHBoc NHBoc

0 | N o) | NN
H
- RS o)
H/Bﬁ o © H 0
H OH, HO OH
® F y
O F O F
Boc/
NHBoc NHBoc
N QO — fN\
H (0]
o®
I ) F F
O F
Boc/

Figure 36: Reaction mechanism for formation of (13) through esterification.
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3.3.3.5Deprotection5)

Boc is an acid labile protecting group and can therefore be removed hya3BAown in figre 37

NHBoc
NH,
0 | SN N
o /g TFA o | N
N/ﬁ( N Yo — » 0 /K
H 0 N N o)
0 H 0
v 0
F
O F
Boc” OH F

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

The tertbutyl carbamate becomes protonated and subsequently kecaramic acidhirough the

loss of the terbutyl cation. Decarboxylation leads to the free amaseseen in figure 38

NHBoc NHBoc
o) | XN o) | AN
o /K °© /K
N N [¢] N N [¢]
H/ﬁ( ) )01\ H/ﬁ( )
(o) [ )
. H=0" ~CF; E

NHBoc

)
: - L
N N o)
O—H
o /K H/ﬁ(
N N o © o)
H o CF3 F
-
o) Q
b o o_ F _0O
o~
OH F CFs (
lTFA y—"0
NH,
o} | Y
o /K
N N o)
H/Y )
o)
F
OH F

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 acigkitamate, cysteine amgllycine as seen in figure 3¥he thiol

in GSH is a reducing agent. GRHEn reducelisulfide 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 fi@® 0.5~
nM/g and extracellulaconcentration-2-20 uM/g.%? Furthemore,the concentratioof GSH intumor
tissueis ~ 4uM/g, which is aboud-fold higher concentrationsf GSH than normal tissueghere the
concentration is ~1 pM/&f 63 Two of the foursynthesizegrodrugsneedsGSH to releasthe active
drug. Figure 40 shows the release mechanism(#rand figure 41 demonstrates the parallel

mechanism forE{).

0 OH o o OH o
OH OH
S00SAENISOS
t o o OH o
/o o OH o -
S
o o o
M HS,\/\)<Q\
v e

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

Iz

Thelow extracellular cocentrationrof GSHmakes it possible for theynthesizegrodrugso remain
stablewhile in circulation and lead to an accumulation in the tumor tissue, throughefeR in the
tumor tissue,lte high concentration of GSH will ensureagpid and efficienteleaseof 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 hydros@. However, thosenines that carra nitrogen groupsuch as
hydrazones andemicarbazones, are usually more stébne enhanced stabilittomes 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 attaaghemistry, hydrolysis ceeither be acid

or base catalyd.Figure 42 showthe acid catalygd mechanism

H
N s
0 oH NT s~
OH
O‘O‘ O
OH
®y
—
o ) OH o o
/
OH
NH,
H H
N s
o oH |(%HN/ s
HO
o I
H—0H
OH
OH
o o OH © o
/
OH
NH,
N s
< \’I/\/\s/ o oH : OH 0 oH 0
o ®
— OH — OH
OH OH O
o ) OH o o o o OH o o
-~ ~
OH

NH, NH,

OH

Figure 42: Mechanism for hydrolysis of Imine bond to release Dox from prodrug (1).
Ester bonds can be broken down in the bodydbgras€hydrolase enzyme), whidplits esters into
acids and alcohd. The hydrolysis mechanism can either be acid or basdyzd Thedifference
between the two mechanisns thenucleophile. In the base catalyzed mechanism, shovigure

43, HO is the nucleophile whereas in the acid gatadl the nucleophile is water.
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Figure 43: Hydrolysis with basic catalyst to release Gem from prodrug (5).

Figure 44shaws the acid catalyd mechanism. The carbonyl oxygen is protonated, making the

carbonyl carbon more electrophilihis is necessary becausetod lownucleophiicity 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 spectrumsveretaken on a Bruker DRX600 spectromefeeference peakwere set for:
CHClz (7.26ppm), DMSO (2.5ppm), MeOH 3.31ppm), H20 (4.79 ppmpr DMF (8.03 ppm)uring
processing® TLC were performed on ALUGRAM SIL G/UdMswith 0.2mm silica gel (Macherey
Nagel, Duren Germanylunless otherwise stateAutomated chromatographic colunseparation
was performed on a Grace reveleris, Grace Davison Discovery science. Separationsagen
were Grace Reveleris, Grace Davison Discovery sciemsethermal titration calorimetry

measurements were carried out diavernMicroCal PEAQITC Automated

4.1.1 Chemicals

Solvents (SigmaAldrich, Germany used were of HPLQuality, except for when performing TLC
where technical solvents were considered adeqDayeDCM and THFwere boughaind used as is.
Reagentghat were not synthesd during this thesjsvere bought 1-adamantane carboxylic acid
99%, l-adamantanethiolpenzotriazole,DCC, di-tert-butyl dicarbonate (Boc)DMAP, EDC,
hydrazinemondydrate HOBt, N&oSQ: anhydrous, and thiouregere bought fromSigmaAldrich
(Steinheim,Germany. 4-mercaptobutyric acitechnical grade an@emcitabine werdoughtfrom
Fluorochem(UK). Glycin was bougt from Merck (Darmstadt Germany, while Doxorubicin was
bought from Moleklar. For Isothermal titration calorimetfyCD, HPbCD andMbCD were from
Wacker Chemie AGBrughausenGermany)and SBIBCD from ligand pharmaceutical@JSA).
Dextranb C D previously synthesizédandkindly 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 literatur&®

O, OH 0. cl

socl,
—_—

l-adanantanecarboxylic acid (6 ®3 mmol) was dissolved in thionyl
chloride (30 mL). The mixture was stirred under reflux for &rigthe excess thionyl chloride was
evaporatedunder reduced pressure, \tield (7A) as a off-white powder (5.40g, 81.76 %).The
product was used without furthpurification.'H NMR (CDCk): 2.14 (6H, m), 2.06 (3H, m), 1.75
(1H, m), 1.67 (4H), 1.60 (1H, m)

4.2.1.1 Fronoxalyl chloride
Adapted from literaturé?

0, OH 0O, Cl
Cl (0]

(¢) Cl
Cat. DMF

1l-adamantanecarboxylecid (3.0 g, 16 mmol) was dssolved in DCM (10
mL) and oxalylchloride (3 mL,19 mmol) was added slowlyA DMF
solution was prepared by diluting DM& dr.)in DCM (40mL). DMF solution 8 dr) was added and
the solution was left to stir until the bubbles subsidéte solventsvereevaporatedinder reduced
pressureo yield (7B) as an off-white powder(2.08g,62.27%). Theproduct was usedithout further
purification.*H NMR (CDCk): 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 literaturé®

N, s \,
N/ N/
" \

Cl

A 5% NaOCI solutio (commercial bleach, 128 mB6
mmol) was added dropwise to a solutiorbehzotriazole
(9.6g9,80mmol) in 50% AcOH (38 mL) with stirring. After the addition was complete, sodution
was stirred for 2 h, filtered and the precipitatashedwith water(0.5 L) until the washings were
neutral. The solid was dried in vacuogioe (9) 1-chlorobenzotriazol¢11.22 g, 91.% %) 'H NMR
(CDCl) : 0 8. 1=8.32(0.88Hz) 7.62t(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 literaturé’

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

(9) (0.61 g, 4 mmol) anddmzotriazole (0.24 g, 2 mmol) was dissoN2dM (20 mL) under egon

A solution of 4mercaptobutyric aci¢0.21 g, 2 mmol) irDCM (2 mL) was slowly addedAfter 10
min., a solution of thiourea (0.46 g, 6 mmol) in dry THF (5 mL) was added and the solirtieth s
for 10 min. adamantanethiol (0.50 g, 3 mmol) dCM (2 mL) was added slowly and the solution
stirred for 18 hThe solvent wasvaporatedinder reduced pressuand the crude materiahs loaded
on to celite angburified column chromatography usii@CM: MeOH mixture (625 %)to afford(3)
(0.349, 5964 %). 'H NMR (CDCkL) U -2D5 (8H) pJ=6.16 Hz), 2.08.12 (7H, pJ=7.23 Hz),
2.442.49 (8H, mJ=6.16Hz), 2.702.74 (2H, tJ=7.23 Hz), 2.92.93 (2H, tJ=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 literaturé?

O O‘O‘
)J\/\/ =
s Qk
HO g

Q T
Dox (50 mg, 0.09 mmol) was suspended in dry DCMrlQ. (3) (25 mg, 0.09 mmol) and HBTU
(115mg, 0.30 mmol) were dissolved in dry DCM (20 mL) and added slowly to the reaction mixture.
DIPEA (100mg, 0.77mmolwas 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 (@3x) 5The
solvent was evaporatedunder reduced pressure and the crude product was purified by
chromatographyusing DCM:MeOH (0-50 %) to afford @) (10.5 mg, 14.8%6). *H NMR (CDsOD):
8.01 (1H, d,J=7.46 Hz), 7.86 (1H, t}=9.09 Hz), 7.60 (1H, dI=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 (2HJ=d}.45 Hz), 2.99 (3H, sR.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 literaturé?

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) atHOBt (14 mg, 0.11mmol) was added

in one portiorfollowed by EDC 20 mg 0.11mmol). The mixture was stirred at 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 hydr&meg, 0.18 mmol)

in DMF (2 mL) while the temperature was maimad atrt. The reaction wasompleteupon the
completion of addition. Water (40 mL) was added. The aquBdlis mixture was extracted with
EtOAc followed by a carbonate wash of the organic layer to remove HOBt. Removal of the solvents
under reduced pressuyielded2) (31.0mg, < 100 %) 'H NMR (CDChk) : 2.6% (2H, tJ=7.88 Hz),

2.28 (2H tJ=7.88 Hz), 2.069H, 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 literaturé?

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 Do Cl (48 mg, 0.083 mmol) were dissolvediteOH G mL), covered

in foil and stirredat rt for 12 days The reaction was followed by a revergathselTLC. After this
period, the solvent was evaporated and the residue was chromatographed on a reversipimase co
(MeOH: H20 = 3:1, contiming 3% w/v ammonium acetat&) give (1) (10.6 mg, 1552%).'H NMR
(CDs0OD): 1i8.04 (2H, dJ=8.64Hz), 7.87 (2H, tJ=8.13Hz), 7.60 (2H, d,J=8.64 Hz), 5.49 (1H, m),
4.62 (2H, ddJ=23.39 14.1Hz), 4.19 (1H, d,)=7.06 Hz), 4.043H, s) 3.66 (1Hm) 3.62 (1H, m),

3.53 (1H, m) 3.37 (1H, m), 2.50 (2H,X%6.80Hz), 2.45 (2h, tJ=7.38 Hz), 2.29 (2H, m) 2.02 (4H,

m), 1.80 (6H, m) 1.74..64 (5H, m), 1.59 (2H, m), 1.31 (3H,36.5 Hz)

"High yield due toesidue of DMF.
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4.4 Synthesis of Gemcitabine prodrug

4.4.1 N-Adamantanoylglycine (6)
Adapted from literaturé>

O+ ~ClI

Glycine (0.15g, 2 mmol) was partly dissolveth DMF (10mL) and 4Maq. NaOHwere successively
addedo obtain a pH~11(7) (0.2 g, 1 mmol) was dissolveth DMF (5 mL) andadded in five portions
over 45 minwhile maintainingpH~11 Stirring was continued fo2h at rt. The solventwas
concentrated under reduced pressure. The residseemtsacted with EtOA¢5 x 20 ml) and
evaporatedinder reduced pressure to yié®l as a white powdg0.19 g, 7937 %). *H NMR (DMF-
d7) :8.78 (m), 3.49 (m), 2.08 (m), 1,28 (m), 1.089)(0.89 (m)

4.4.2 3 Ig-(tert-Butoxycarbonyl) gemcitabine (10)
Adapted from literaturé?
(Boc),

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

F F

OH F

Boc
To a stired mixture of @mcitabine (0.5@, 1.66mmol) and KCOs (1.15g, 8.33mmol) in dioxane
(20 mL) and water (31L) was added (Bog) (0.36g, 1.65mmol), and the resulting mixture stirred
at rt. for 48 h. After water (3nL) was added, the mixture was extracted with of Et@Ax 30 mL).
The organic extracts were washed with water (5 mL) and brine (5 mL), dried o¥®©iNand
concentrated to drynessder reduced pressure to git€)((0.46g, 73.1026). 'H NMR ((CDs)2SOy):
i7.64 (1H, dJ=7.43Hz), 7.43 (1H, dJ=13.86Hz), 6.22 (1H, tJ=9.41Hz), 5.81 (1H, d,J=7.43
Hz), 4.15 (1H, m) 3.74 (1H, m) 3.65 (1H, m), 1(@#, s)
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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 literaturé&

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

o} F o F
Boc Boc

A mixture of (3) (40 mg, 0.144mmol), EDC 60 mg, 0.267mmol), and HOBt36 mg, 0.267mmol)
in dry DCM (10 mL)was stirred for 0.5 h. A solum of (10) (50 mg, 0.132mmol) inDCM (5 mL)

was added, and then the resulting mixture was stirred@taitnight. The myanic layer was washed

with brine(3 x 10 mL) dried over anhydrous NaQi, and concentratashder reduced pressuiiéhe
residue was purified by th@ltimn chromatography with DCMMeOH (0-10 %) to give the product
(12) (27.2 mg, 18.52% yield).'H NMR (CDCbk): ii 7.58 (1H, d J=9.20Hz), 6.27 (1H, m), 5.89 (1H,
d,J=8.26 Hz), 4.14 (1H, m), 4.08 (1H d512.56) 3.84 (2H, dd}=9.11, 2.83 Hz), 2.11 (2H, m),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 literaturé!

o g % § / 0 S % 5/
S )j\/\/s
HN)J\/\/ N HN s
TFA
LN
X

Xy

HO Q HO\wﬁ\/K

(12) (27 mg, 0.04 mmoljvas treated with TFA solution (4 mL3:1 TFA: DCM). After 24 h the
solvent wasvaporatedinder reduced pressure to yi€l®) as a white soli@22.8 mg, 99.60%). *H
NMR (CDz0OD): t18.21 (1H, dJ=7.82 Hz), 6.20 (1H, ddl=4.94, 4.61 Hz), 6.11 (1H, d77.82 Hz),

4.31 (1H,m), 3.98 (1H, m), 3.82 (2H, dd=9.62, 3.81 Hz), 2.37 (2H, 8=7.31 Hz), 2.29 (2H, t,
J=7.27 Hz), 1.31 (3H, m), 1.21 (2H, m), 1.14 (2H}47.34 Hz), 0.91 (2H, t}=7.25 Hz)
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4.4.5 4-N-3 Hj-Bis(tert-Butoxycarbonyl) Gemcitabine (11)

4.451 From Gemcitabine

Adapted from literaturé*

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

To a stirred miture of Gemcitabine (24 g, 0.8 mmoland NaCOs (0.55g, 4.0 mmo) in dioxane
(10 mL) and water Z mL) was added (Bog) (0.35g, 1.6mmol), and the resulting mixtungas
stirred at rtfor 48 h. Water (2 mL) was added ahé mixture was extracted with EtOAZ x 30 mL).

The organic extracts were washed with water (5 mL) and brine (5 mL), dried o¥®©iNand
concentrated tdryness under reducedassure to givel(l) (0.14g, 37.95%).:H NMR ((CDs)2SOy):

48.10 (1H, d,J=7.58Hz), 7.09 (1H, dJ=7.51Hz), 6.27 (1H, tJ=9.33Hz), 5.32 (1H, dJ=4.96Hz),

4.23 (1H, m) 3.77 (1H, m) 3.68 (1H, m), 1.47 (9H, s) 1.46 (9H, s)

4.45.2From (0)

Adapted from literaturé*

NH, NHBoc

)

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

F F

O F O F
Boc/ Boc/

To a stirred solution of10) (73 mg, 0.2 mmol) inanhydrousdioxane(8 mL) was added (Bog
(0.43649, 2 mmol). The reaction mixture wsasrred at rtfor 24 h. NaCGQs (5 eq.) was added and the
mixture stirred for an additional 24 h. Watern(i2.) was added and the mixture was extracted with
EtOAc @ x30mL). The organic extracts were washedhmitater (5 mL) and brine (5 mL) andied
over NaSQu, and concentrated taythess under reduced pressur@itee (11) (70.2 mg, 73.12 %).

IH NMR ((CDs3)2SQ): 118.09 (1H, dJ=6.97Hz), 7.08 (1H, dJ=8.22Hz), 6.27 (1H, tJ)=8.82Hz),
5.31 (1H, tJ=6.30Hz), 4.23 (1H, m) 3.77 (1H, m) 3.67 (1H, m), 1@, 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 literaturé!

NHBoc
)

HO /L§ NHBoc

N o
o} 0}
o M 7{_7 o S
o (0] (0] | /g
~ F
Boc N N o
> H 0]
© F

0O F
(6) (0.23 g,1.0 mmol), DCCQ.20g, 1.0 mmol), and DMAP (1820?2 mg, 0.10 mmol) were allowed to
react with(11) (0.447g, 1.0 mmol) inDMF (10 mL). The rection mixture was stirred at for 24 h
andmonitored by TLC After 24 h, thesolvent wasvaporatedinder reduced pressuae5055 °C.
The residue was dissolved in ethyl acetate (30 mL) and washedvatgh (2 x20 mL), saturated
NaHCQ (2 x 20 mL), and brine (1 20 mL). Theorganic layer was dried over §& and
concentrated in vacuo yield (13) as an oil(21.3mg, 24.21%). *H NMR (CDCk): i 7. 92 ( 1 H,
J=7.51 Hz), 7.58 (1H, m), 6.36 (1H,X%7.76 Hz) 4.18 (2H, m), 4.05 (2H, #12.22 Hz), 3.87 (2H,
d, J=12.22 Hz), 1.93 (5H, m), 1.71 (4H, #613.86, 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 literaturé

NHBoc NH;

(13) was treated with TFA solution (4 niL3:1 TFA: DCM). After 24h the solvent wasvaporated
under reduced pressure to yieh) &s a whitesolid (15.02mg, 99.01%).*H NMR (CDsOD) : 8.1
(1H, d,J=8.13 Hz), 6.21 (1H, m), 6.06 (1H, 88.12 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, dd9.91, 3.30 Hz), 1.73 (1H, di713.89, 4.02 Hz) 1.37
(3H, m), 1.21 (2H, m), 1.14 (2H, m), 0.92 (2HJ%7.52 Hz).
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5. Results and discussion

This section covers the experimental results and observationgll Ibe demonstratedvhich

challenges arose and how they were resolved.

5.1 Synthesis of reagents

5.1.1 1-adamantanecarbonyl chloride (7)

[¢] OH (0} (¢]]
1-adamantanecarbonyl chloridecommercially availablebutit is
just as easy to synthesiZkhis can badone in differentvays The socl,
—_—
first method tried was refluxing dfFadamantanecarboxylic adia
thionyl chloride This reaction affordd (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 reactianpther method afynthesig7) was tried Thionyl chloride was

switchedfor oxalyl chloride.1-adamantane carboxylic acid was dissolveD@M and 11 eq oxalyl

© on © " chloridewas addedo the mixturefollowed by acatalytic amount of

Cl\ni DMF. The addition ofDMF causedthe reaction to form bublde
r e (CO, COzand HC). This reaction yielded7g), 'H NMR shown in
Cat. DMF

figure 46 in ~ 60 %.Comparing the two reactions, it is clear that the
yield is beter when using thionyl chloride. However, tyield of 7B could probablype improved by
using more than 1.1 eq. oxalyl chloridkesshould be noted thaialyl chlorideis more expensive than
thionyl chloride whichmakes this synthesis less faade in larger scale reactiod$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 fairl N\ 5% NaoCl N\
N————> N
: : 50 % AcOH
expensive compared to the unchlorinated. TR / °Ae /

synthesis was quite easy and straight forward. \
Benzotriazole was dissolved icOH and upon adding the hypochlorite solutigamecipitation
startedlt yielded~ 90 % and no further purification was dorfél 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)

This reaction has been carried out twice, both attempts witlg@t2Bercaptobutanoic acid. The first
attempt was aaied out under inert conditioat -78 °C while adding in reactants. Themperature
was allowed to rise to.rovernight.The reaction was followed by TL@. gave around 0.§ crude
product For the second attemyhe reaction was carried under inert condition at rt. This attgavet

around 1.5 g crude product

The crude produavas only dissolvable iMeOH. Therefore, it was loaded on ¢elite andpurified
by column chromatography using@RCM: MeOH gradient. TLC was performed an all fractions
(stained using KMn@). The following fractions were put together and evaporated.
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Fraction Weight Product

First attempt
57 31.5 mg 4-((1H-benzotriazoll-yl)thio)butanoic acid &
1-((adamantand-yl)thiol)-1H-benzotriazole
8-17 114.4 mg Benzotriazole or Lthlorobenzotriazole
21-23 13.0 mg Benzotriazole or<chlorobenzotriazole
27-35 59.4 mg 1-((adamantand-yl)thiol)-1H-benzotriazole
4549 10.7 mg 4-((adamantari-yl)disulfaneyl)butanoic acid
Second attempt
2-10 143.3 mg 4-((adamantati-yl)disulfaneyl)butanoic acid
1523 170.4 mg 4-((adamantati-yl)disulfaneyl)butanoic acid
29-36 22.1 mg 4-((adamantaii-yl)disulfaneyl)butanoic acid

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

Table 1: Fractions collected.

H NMRs were taken and anagg The first attempt yielded1.5% andthe second attempt56 %
(3). IH NMR can be seen in figure 48

e 5000
o . "‘*-”\\ Methanal
n' b
3 s 7 17710—15 !
P N T ( 4500
HO 2 4 - 3 g |
18 B | |
| |
| | | L4000
| ! f
| | | [
|
(] il L3500
3000
1000
m 500 L2500
|| (O TV
—_— T T
21 2.0 2000
f1 {ppm)
3 1500
4 8,10,12,13,16,17
1000
500
| — A ]
T T T T T T T T T T T T T T T T
8.0 75 7.0 6.5 6.0 5.5 50 45 40 35 3.0 25 20 1.5 1.0 0.5
f1 (ppm)

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 scat® (mg, which went smooflly and yielded 0.13 crude
product.As seen irfigure 49, the product needed purificatidiwoking at the structure d#), it is

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

O O‘O‘
)J\/\/ =
s Qk
HO g

The preferred method for purification was column chromatography aighiéicant amount of time
wasthereforeput in to finding a good solvent system for the purificati@iven 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 syssefDCM: MeOH, CH3CN: MeOH and heptane
MeOH) in different ratios. In the end, it was deettito usddCM: MeOH (0-35 %) as solvents. The
product was dissolved iMeOH and loaded ao celite. TLCs were made ahe collectedractions
andcombined accordinglyHowever, none contained the product, as seérl?MR (seeappendix).

It was therefore decided to flush the column wtBOH to see if it would be possible to get the

product outThis was successfuds shown on thtH 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 Bledopelrification

was therefore repeated. The crude product was dissol\Meid and loaded on celite and purified
by columnchromatography witibCM: MeOH (0-50 %) as solventsFractions were collected and
combined accordingly to gi@) in 14.87 %yield. AH NMR of the purified product can be seen in

figure 51.
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Figure 51: 'H NMR of (4) after purification.
The overall yield of the reaction wgsoor. Judging by the reaction, this is due to the metifod
purification (alternative purification will be discussed in section Bowever, the product seemed
purg judging by*H NMR and therefore ready to be used for ITC. Before the ITC experiments were
set upLC-MS measurement was made of the product. 1 mg was partly dissolved in MeOH (10 mL).
100puL was placed in a @l andmeasuredBy 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 othe (3) were tested. It was not dissolvable in acetonitrile, so the reaction was
carried out irDMF. (3) was dissolved iDMF and reacted wittfOBt andEDC in order to produce

the activated ester/amide mixtur&€he 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 waBssolved inDMF and theactivatedester/amide mixturgvas slowly
added. A TLC was taken immediately after tloenpletion of additionand it indicated a complete
reaction.For good measur¢he reactiorwasstirred for an additional two hours. Water was added
and the aqueoU3MF mixture was extracted witbthyl acetateThe organic phase was washed with
a carbonatsolution to removéd-hydroxybenzotriazoleThe solvent wasvaporatedinder reduced
pressure and yielde@)(in <100 %. The high yield is due BMF residueas seemn 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 Doxweredissolved inMeOH (5 mL) and stirredfor 12 dayswhile covered in foil to keep

the light out.Thereaction was followed bgeverseephaseTLC. 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 wé&s1 MeOH: H20 with 3 % w/v ammonium acetat&his gave arf ~0.1. The

product was therefore purified bgverse phaseolumn with this solvent system.
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Figure 53: *H NMR of (1) before purification.

Both Dox and product has a clear red coénd 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 thailf precipitated once placed ¢ime spectrometerA sample was
prepaedby dissolving a very smaimount offraction 6370 in CDsOD. This proved to be working

and gave 8H NMR of the productvhich can be seen in figure 5Bhe reaction yieldedl} (10.6 mg,

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

Because of the low yie]dhereaction wadried again. Two otheexperiments were set up, with

varying temperatures. The reacsonerefollowed 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 agsimgllthe same
solvents system as for reactionFhe product from reaction C was purified finsdiowever, this did

not go as smoothly as anticipated reaction COncethe crude from reaction C wataced on the
column t did not move. Hoping that thigas due to air in theolvent wires, the same method was
tried again without luckThe amnonium acetate concentration wiasreased to 10 % v/wThis
however, made no differencEhe solvent system was switched for acetonitrile and water with 10 %
v/w ammonium acetate. Thislgents system made some of the compound mmwaot the product.

In a last attempt, acetonitrile aiMkeOH 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 tryactekie
product withpreferablyMeOH: other possibilities could be DMF or DMS®owever, gven that it

was not crucial for the furtherwgrth e pr oduct was t heDuetbtheteuble on s i
purifying and retrieving reaction C, it was dedd® 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, CH:CN: MeOH and heptaneMeOH. The separatiomwasnot as good as on
reverse phase, blICM: MeOH gave the best resuReaction B was only dissolvablelibeOH and

was therefore placednocelite and purified by columechromatographyHowever, of the fractions
collected from the purification, none contained the prodéidtthis points to thesame thingthe

method of purificatiorwasnot idea) andin most casesiot effective Both normal phase and reverse
phasewere tried and both fell shortl{@rnative purification will be discussed in sectignfowever,

the product seemed pujedging by*H NMR and therefore ready to be used for ITC. Before the ITC
experiments werset up,LC-MS measurement was made of the prodkaiaited from reaction Al

mg was partly dissolved in MeOH (10 mL). 1@0 was placed in aigl and measuredBy LC-MS

standards, the product did not seem pure. Thé/ISCdata 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 chall@hgdirst attempt was cagedl
out in amixture of waterdioxaneand4M NaOHaq The first problem was keeping thél level

within range 9-11). Upon adding the firsportion of (7A i synthesied from thionyl chloridg

dissolvedin dioxane the pH reachet3 and O _.Cl
0
. . . ’

remained there for the duration of the reaction. o N\)J\
The reactionwas followed on TLC(stained o OH
with ninhydrin) which did not indicate aHZN\)J\OH N
productforming. After stirring far 0.5 h, the dioxane, water

4M NaOH aq.

reaction was quenchedlVater was added to

the solutionand precipitation begammmediately. The precipitateas filtered of and washealith
water till neutral. The reactioyielded 34%. Howevey the'H NMR did not show sign of glycine
being present in the product. The signal fromGi in glycine would be expected around 3.9 ppm.
The spectrum of-adamantanecarbonyl chloridghown in figure 55s almost identical to that df

adamantanecaonyl 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 finsgrecarried out. One stirring for 1h and the other for

Oy .o 24h.Bothproducedesultssimilarto the first attemptn an

@ E\J\OH attempt to keep the pH within rangemore diluted mixture

of (7A) was made and less 4NaOHwas added. However,

[0}

N S,
DMF

this did nothing to prevent the pH from reaching 13. This
reaction showed similar results to the first attendiother method was therefore tried. 3 eq. of
glycine was dissolved iDMF and a bit of water and 1 eq. @A) was addegdand the reaction was
left to stir for6 days This did not produce the product eithEhe NMR wagpractically identical to
the spectrunshown in fgure 44 The conclusion washerefore, that thre could be g@roblemwith
(7A). Hence,(7B) made from oxalyl chloride wassedin the following attemfs. The first method
tried with (7B) was identical to the first attempt witiiX). Similar problems arose and no product
was indicated on TLC. The second attempt wifB)(was carried out iDMF with NaoCOz as a base.
The reaction indicated no produ€he last attempt was carried out wi@tBj in DMF with 4M NaOH
andNaCOzas basedVithin 10 min of addition of {B) thepH 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 filteredandTLC was made of the isolated powder and the filtrat®dth powder
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and filtrateindicated a present of glycinelowever, the spot for the filtrate had a yellow color
indicating a secondary amine and the filtrate was therefore evaporated under redgsace o
produce a white residue. The residue was dissolved in a small amount of water and&/ibitawfd
extracted withethyl acetateThe organic phase was evaporated to produce the pradich |

believed to be the&b], asfine white powder in small yield (15.32 %).

Reactant Solvent Time Yield

1-adamantane carbonyl chlorfde Water, dioxane, 4M NaOH ag. 0.5h -
1-adamantane carbonyl chlorfde Water, dioxane, 4M NaOH ag. 1lh -

1-adamantane carbonyl chlorfde Water, dioxane, 4M NaOH aq. 24 h -

1-adamantane carbonyl chlorfde DMF 24 h -
1-adamantane carbonyl chlorftle Water, dioxane, 4M NaOH ag. 24 h -
1-adamantane carbonyl chlorfle DMF, N&COz; 4M NaOH ag. 2h 1532%
1-adamantane carbonyl chlorfle DMF, 4M NaOH agq. 2h 59.89%
1-adamantane carbonyl chlorfle DMF, 4M NaOH agq. 2h 82.60 %

Table 3: Overview of reaction conditions and yields.

Getting a decentH NMR was not easy at all. The product did not dissolve easilyeaed when it
seemed it did Ds)2SO, D,O, CDsOD) the'H NMR came back as either solvents or with only
signals from glycinevithout trace of adamantyl or the other way around. To get an idea of whether
it wasthe product or not the reaction to produt®) (vas carried out and this paoff, as seen later

in figure 62. It was therefore decided to see if a representdtivélMR could be obtained by
dissolving the produdh DMF. However, not mue of the product (10 mg sample) dissolheedl the

H NMR obtained was not that goasshownin figure 56 It was not possible to obtain a better one.

” Carried out with7A
I Carried out with7B
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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 impeoned synthesis was carried

out. Glycire (2 eg.) was dissolved DMF andthe solution was made basic (pH ~ 11hwiM NaOH

ag. (/B) 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 andikié-/water mixture

was extractedvith ethyl acetateThe organic phases were combined and the sadvapbratedinder
reduced pressure to produég i 59.89 % vyield.An identical reaction was carried owith (7A) to

yield 82.6%.
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5.3.2 Protection of Gemcitabine (10)
The protetion of Gem was not as straifpntward as assumed. When usiNgCOsz as a base and

letting the reaction stir at.ror 48 h, theyield of the reaction was 40.%

NH, NH,
‘ \ N ‘ \ N
HO /K HO /K
N 0 N ¢}
© (Boc), ©
—_—
F F
OH F O F
Boc

However,by looking at thetH NMR below (igure 57), it seemshere are two bagroups present,
given the two almost identical peaks around7 ppm.This indicates that the reaction leads to a

double protection and givés$1l), instead 0{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 improvdebCOs was switchedor K>CQs. All other
conditiors werekept the same and0) was obtained ii73 % yield.
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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 witNaCQs yielded(11) as described in section 4.2&reaction usin@ eq.

of bocwas carried outThe reaction was followed on TLC (stained with KMi)Ol'he reaction
yielded 37.95 %which was lower than the first attemplo further attempts were made to improve
the yield of this reactiorTheH NMR of the product is shown in figure5

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

An attempt to producel() from (10) was made(10) and (Boc)O was dissolved in dioxane ateft

to stirat rt. and the reactiowas followed by TLC
(stained withKMnQas). After 70 h there wasnho
chang and the solventwas evaporatedunder H°

reduced pressureThe reaction conditions were

therefore changdefore attempting the synthesis

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

NH, NHBoc

\ N \ N
‘ /K HO ‘ /K

N o N ¢}
O (Boc), 0

—H>
F
O F O

/

Boc Boc

dioxane anddft to stir at rt. for 24h before addiiNgCOs (5 eq.) as a basthe reactiorwasstirred

NH,
Xy
HO ‘ /K
N [¢]
0 (Boc),
—_—

F Na,CO,4

Boc

Ny
HO ‘ /K
N [0}
O

NHBoc

for anothe24 h. The reaction wamllowed on TLC
(stained withKMnOg). After 72 h there wasno
reactant left according to the TLC taken. h&
solvent was evaporatedunder reduced pressure to
F yield a whiteresidue The reaction yieldedl1) in
73.12%. A *H NMR was taken, which can be seen
in figure 6Q
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Figure 60: 'H NMR of (11).

Comparing to two ways of synthesig (11), it is clear that a higher yield (overalb0 %) is obtained

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

whereas the reaction usibgCOz andone reaction takes 2 dayihe preferable method depends on

which molecule one wish to attain. If the goa(14), then the method using MaQs is preferable

despite theveralldifference in yield~ 20 %.

5.3.4 Amide bond to obtain (12)

This reaction was simple and straightforwaf), EDC andHOBt was dissolved imry DCM. (10)

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

sodium sulphaterhe

J\/\/ solvent
S
HN \S

was

evaporated under

NH,
L e @
~
HO. /K Ho S HO /K
N o N )
o

pressure
. Time was spend

£ 7 finding an optimal
e we o F solvent system for
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the purification Different solvents were tried, bDICM: MeOH gave the best separatidrhe residue

was purified by the column chromatography wiiKM-MeOH (0-35 %). The product(12) was

isolated across two fractions and yield&152%. Looking at the purificationvfhich can be seen in

the appendix), it is not the bestparation 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 wasrriedoutbefore any purification ofl2) wasdone. This was order

to find the optimabmount of time and FA concentratiomeeded for complete deprotectjavhile

notrisking decomposing the molecule.

EUON o))

o F OH F

O
S
HN)J\/\/\SS%
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A TFA solution was made with a 3:2 TFABRECM. 0.05g (12) was dissolvedh TFA (6 mL) solution
and the deprotection was folledon TLC (stained with ninhydrinfor a total of24 h. The TLC
showed no sign oflQ) after4 h and after 24 there were no sign of the molecule decomposing. It
was therefore safe to go ahead and deprotect the pudfedrfis was done bplacing(12) in the
TFA solution under stirring for ~ #. The reaction was followed on TLC to make sure all was
deprotected. The TFA solution wasaporatedinder reduced pressure to yi€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 mjw). W@8
placed in a vl and measuredy LC-MS standards, the product did seem pure. The LGIS data

can be seen in the appendix
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5.3.6 Esterification to obtain (13)
This reaction was straidiotward.(6), DCC andDMAP weredissolhed inDMF. (11) was added
and the solution turned light pin&nd right thereafteyellow which stayed

NHBoc
ﬁ\ N NHBoc
Ho |
o N/gO o SN
H o |
(0) N F (0]
OH N N O

O F H O
Boc _ % F
O F

Boc/

The solutiorwasstirred for 24 h. The solvent wasaporatedinder reduced pressure to give a yellow
substance, which was then dissolvedcetihyl acetateThe orgnic phase was washed withater,
saturatedsodium bicarbonatand bring anddried overNaSQu. The solvent wagvaporatedinder
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 chromatogragbérend
solvents were trieénd testecAnd in the endCM: MeOH seemed to give theebt separation.
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Different ratios were tried (20:1, 4:3;1, 2:1 and 1:1) and the best rf was obtained @@k ratio.
The product was purified by column chromatography uBigiyl: MeOH (0-20 %). The product was
isolated in across two fractions. One of tReNMR is shown in figure 64The product wasbtained

as a clear 0i(21.3 mg, 24.226). The purification did not give the best separatiascan be seen in
the appendix). The yield of the reaction is poor soiche may be due to the purification (alternative

purification will be discussed in section 5).
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Figure 64: 'H NMR of (13) after purification.
5.3.7 Deprotection to (5)
A smallscale trail was set up before any purification d8)(was done. This was to test the
concentration of TFA and the time needed for complete deprotection without the molecule

decomposing.

NHBoc NH,
0 | SN 0 | Y
© /K TFA 0 /K
N N o Ay N N 0
H/Y 5 H/Y 5
o} h o E
O F OH F
Boc”
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A TFA solution was made with a 3:2 TFABECM. 0.05g wasdissolvedn TFA (6 mL) solution and

the deprotection was follow on TLC (stained with ninhydfar)a total of 2. The TLC showed no
sign of (L3) after 4h and after 24 there were no sign of the molecule decomposing. It was therefore
safe to go ahead and deprotect the purifid). (This was done by placin@3) in the TFA solution
under stirring for ~ 4. The reatton was followed on TLC to make sure all was deprotectee.

TFA solution wasvaporatedinder reduced pressuxeyield (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 miuL %G3
placed in a Ml and measuredBy LC-MS standards, the product did not seem pure. Th&IB2ata

can be seen in the appendix
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6. Column purification

All purifications of Dox andGem containing productsere problematic and seemed to cause poor
overall yields.Dox prodrugs wer@urified using both normal phase amyerse phasevhereas the

Gem prodrugs were purified using only normal phase

6.1 Normal phase purification

Normal phase chromatography is basadydrophilic molecules adsdipn on to a polar stationary
phaseNormal phase silica consiststetrahedral crosslinked polymers of %i0he sianol groups,
as seen in figure 66gives he polar adsorption properties. This means that least polar
(hydrophobic) compounds elute fiemd themost polar (hydrophilic) compounds elute [&st
Therefore, (3) eluted first and the unreacted and more polar struciiijewfas kept back by the
column. Sames truefor structure {2) which is far less polahan that of o

o)
structure £0). However, the purification was not good. The produdi®), ( \ \

and (3), eluted straight througimdicating that the solvent system mlght OH

have beerioo polar. This being said, a less polar solvent system was®ot

\

an option as the product would not move on TLC when teBtatfication  ;

OH

chromatography. When attempted ahif failed and neither product nor \

of both Dox prodrugs, 1) and @), were also attempted using normal phasr,{ o/
/ OH

reactant was eluted. However, normal phase purification worke) .o ( /

gave poor yields, but the product was purified. 0

Figure 66: Structure of normal phase silica.”8

6.2 Reverse phase purification

In reverse phase, hydrophobic moleculesaalgorbed onthiydrophobicstationary phasdreverse

0 phase silica contains less polar or ypmtar functional groups such

/S'—O—S'/\H/\ as C18 as shown in figure 67n this system, thenost polar

0\ compound=lutefirst and the nonpolar last. This was thought to

/S'—O—S'/\(V)/\ be ideal for the Dox prodrud). A C18 column was used with a

O\ high proticsolvent system (water: MeOHNat er i s t he
S'_O_S'/\M/\ as it is the most polar and repels hydrophobic molecules onto the

/

stationary phas€. Decreasing thepolarity by adding more

. , N _ . _
Figure 67: Reverse phase silica. methanolreduces the hydrophobinteraction and results in

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

together.

6.3 Alternative purification

In hindsight, neither normahase silanahor reverse phase18 was ideallLuckily, there area lot of
different columns available and one loé$e may be the answer to the purification problEm.silica

inthesesspeci al i zed col-umppehe‘a%\wi blec:?\ea nend
functional groupas seen in figure 68or silica, theseclude /S‘_o_/Si/\Mn/\FG

amino, cyane and diol functionalized.Both cyano © ©

functionalizedandaminofunctionalized silicazan be used in /S‘_°_>Si/\Mn/\FG
normal and reverse pha¥e.Both Cyane and amine © \

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

phase Amino-functionalized silicaalso has the ability to &c Figure 68: Functionalized silica.

as gproton donorand generalff Cyancefunctionalized silica FG=-NH». CN. etc.”®

hasbeen shown to separate a wide range of drug compasimty DCM, THF, CHCN, hexane and
water actonitrile, hexane, and watéf.These wo systemsould therefore be a go@dternative for
purificationof both Dox and Gem containing produdt®wever,none of these were tried as we did
not haveTLC plates that match ¢ésystens. 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 enthaply.(ITC can calculate freenergy ¢&G), entropy ¢5),
dissociation constant @, andstoichiometry (n) of binding. It does so by measuring changes in

temperature upon interactign this casetheinteraction between the synthesizgddrugs and CDs,

,_\\
+ .

CD Drug 1:1 drug-CD complex

as shown ifdigure 69

Figure 69: Equilibrium between CDtee and CDcomplex.**
If the interaction is exothermigqi<0), the ITC uses less energy to heat the cell compared to the
reference cellwhereas if it is an endothermigH>0) interaction, the ITC uses more energy tathe
the cell compared to the referened .cThe raw data obtainesthowsthe difference in power supplied

to the two cells and look likegure 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 dat@G andnS can be calculated.
YO YYdt& YO YWY

Equation 2: Gibbs free energy.

73



Ka is known as the associaticonstant, oppositine dissociation constafip), which is used to
evaluate the strengths of the interaction. The smaller theakig the greatethe binding affinity

meaning thaa very small amount of drug will dissociate frahe CD, as showhy equation 3

Oi 6™ 60 p

Oi &0 0

Equation 3: Association constant (Ka) and dissociation constant (Kp).
The shape and position of the curve showfigare 70 dependn multiple factors. The enthalpy
affects theinterception with the 3axis, thestoichiometryhas an impact omhe position of the
inflection point and the shape of the curve depends on the unitless parameter C (also called the
Wiseman Gparameter). C is influenddy the binding constant, concentration and stoichiometry and
is given by:
6 0 0 ¢

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 Wayaiges,
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 F@)@an8000%*

7. 2-Ch

As mentioned previously, adamantane &r@D have a tight fit and it was therefore decided to test
how the modified prodrgs would complex witmative b-CD and b-CD derivatives. Bur b-CD
derivativeswere chosen for the ITC measuremeBthydroxypropytb-CD (HP), methytb-CD (M),
sulfobutylethetb-CD (SBE) anddextranb-C D  ( D bl®@dking at the chose-CD from a
pharmaceutical point of vieweither nativeb-CD or Mb C [re ideal candidates as natfveC Das

low water solubilityand M CDs has strong systemic GSBECDci ty
and HMCD havethe lowest hemolytic effect and would therefore be good candidates. The hope is
therefore that the binding affinity is higher 8BEbCD and HBCD than nativéb-CD.

7.3 Complexation of Dox products

Solutions were made of each of the two synthesized Dox proditugsd @). 2 mgwere partly
dissolved in water (150 ml). In order to get all the compound dissobatt,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 0.01&t (@M
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and0.0164 mMfor (4), which is low and not ophal for the ITC measurements. Therefore, solutions
of theb-CDs were made in 1mM and 0.5mMeasurements were carried out at 25 °C to ensure that
the prodrugs.1) formed complexes with atestedb-CDs(at 1 mM)e x c e p t , Wwheréas€4p
only formed comp e x wi tOD devivateve Hxamples 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 b-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 carigth @iow C parameter due
to low concentratiorof prodrugsBecause ofhe poor fit it is justifiable to set the numbersdes 1

on condition that thdata 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 timproveupon fixating #1.T h e r e?dlid mo&tngesignificantly. Kp got
| ower and the uncertainty attached to each va
whil e -pppSagdt | &hesevaluesgvare thevetjuelged to be valid anchaoverview

of thesecan be seen in table 4.

Compound n Ka (M) o H(Kcal/mol) -TpS ( Kca
(1)-b CD 1 58480 -1.02 -5.49
(1)-Mb CD 1 84746 -0.424 6.30
(1)-SBEbBXI 1 3802 -9.79 4.90

(1)-Db CD 1 86957 -1.20 -5.54

(1)-Db C @5 1 160772 -0.852 -6.25
4-SBEDBXI 1 1422 -24.3 20

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

Figure 74illustrates the binding affinities for complexes between prodi)igafdd the differen - b
CDs Thehigher the Kvalue,the greater the binding affinity and from figure 74 it is clear to see that
(1)-DbCD has th Association constant for prodrug 1

binding affinity. Both native 70000

(1)-b CD alpMb C(D h 60000

high Ka val ues ¢ g%

£ 40000

Kcal/mol. (1)-SBEDCD ;g 30000

4-SBEBCD can Lt 500

the lower end. 10000
0 ||

i CD Mi CD SBECD D CD
ElmM m0.5mM

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

2 mgof (5) waspartly dissolved in water (100 ml). In order to getlad compound dissolved was

placed in an ultrasonic bath for 5 min. and hereafter left to stir°at 40r 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 measurementid not give useful results. It was therefore decided not

to test the product any furthétrodrug @) dissolved quite easily @&mgwasdissolved in water (15

ml) giving a concentration of 0.251 mMolutions of the -CDs were made in &nd 2 mM.The
measurements were carried out at 25 °C, as these were carried out alongeagihrements ofl)

and @). Both concentrations seemed to high as the curves indicated an almost complete saturation
upon the firs addition for all excepd P b CD. The data from these mes
rei abl e. New measurements were carriThaploemt wi
general, are not great as the C parameter is rather low. This makes the fitting difficitanskebof

the poor fit it is justifiake to set the number of sitesty however most of the data set systematically

deviated ad so these fawerediscarded (can be seenappendiy.

Compound n Ka(M) H(Kcal/mol) -TgpS ( Kca
(8)-b Cb 0.00183 27173 -80.0 74.0
(8)-b CD 0.00182 50000 -80.0 73.6
(8-b CD 0.00173 81301 -80.0 73.3
(8)-Mb CH 0.0012 12361 -80.0 74.4
(8-Mb CD 0.001 43860 -71.5 65.1
(8-Mb CD 0.001 123762 -74.2 67.2
(8)-HPH CB® 2.22 4386 -0.256 -4.71
(8)-HPHb CDH  0.0011 39841 -80.0 73.7
(8-SBEBX | 0.032 1767 -80.0 75.6
(8-SBEDZ | 0.0084 5882 -80.0 74.9
(8-SBEBX I 0.0023 25773 -80.0 74.0
(8)-Db CBH 0.0026 23670 -80.0 74.0
(8)-Db CD 0.0025 50000 -80.0 73.6
(8-Db CD 0.0026 60606 -80.0 73.5

Table 5: Overview of data obtained from ITC measurements of product (8) and b-CDs).
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In order tobetter show the difference in binding affinity, the ¥alues were converted tonKralues

as seen in figure 75To illustrate the difference between the different concentrationgakies

Associaltion constant for prodrug 8 obtained  from  the
140000 experiment with 5 mM
120000 and 2 mM are shown as
100000 .
5 well. It is clear to see
£ 80000
= that Mb CD has t h
S 60000
40000 greatest affinity
20000 I I followed byn ative b CI
0 u — —_ and Db CD Neither
icD Mi CD HR CD SBECD D CD

HPBbCD nor SBEGE
bind with great affinity.
Figure 75: Column diagram of Ka. Apart from birding affinity, the ITC also gaveG, gH and

ElmM E2mM B5mM

g8, as shown in figure 76 All experiments showedaegati ve G, a,swhichh o wn
indicates that all compleformationsars pont aneous. Another way to
pH. g8>f 0 Hsxditige spontaneous proces = ‘

which is the case for almost all the investigat “ -

complexes;at i ve bCD, MbBCDRCLx
Inthe case of H&<bO CD &whek thep -

process will be spontaneous at low temperatures

0

(kcal/mol)

nonspontaneous at high temperatur€nerally it is < |
possible to assess which Rroovalent interactions are
involved by looking atgH and g5. Van der Waals
i nteractions aaqtreb >eabtbr) o pv
minor entropies (favourable or unfavourable) wh
hydrophobic interactions are entrofyr i v ghhb <(hjp b ) ~ Floure 76: @G, @H and @S.

with small enthalpie® The numeric difference betweepH ah@S are t oo smal l

40+

60+

-804

assessment.
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8. Conclusion

The overall aim was to investigate the possibilities of ifgoty Gem and Dox with adamamte to
enhance complexation with cyclodextrinBhere were some unforeseen issues along the way,
however most were overcomelhe synthesis of the twoebncitabine prodrugsaused a lot of
difficulty and made it necessary to find alternatwethods of synthesi$he protection of Gem was
the first issueand the overall yield ended upoand 53 %. The synthesis ofddamantanoylglycine
was challenging and a variety of methods were employed and ended up yatuling60-80 %.

The two podrugs were obtained in ~-E® mg. The synthesis of the twodXorubicin prodrugs were
fairly straight forward. The reactions went in quite good vyields with((adamantasi-
yl)disulfaneyl)butanoic acidaving the lowest yield of 56 % he most difficulty was the purification

of the final two productand the probableause of the low yieldrhe two podrugs were obtained in

~10mg.

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 oubaf were dissolvd and ITC measurements wecarried out
on all three ®@bDst h five different b

Prodrugf®)onl y showed an af f i prodiug() Had affinitg BrEdurGBdwh e r e
for all tested The I€C nie@sDrements showdtht the synthesized prodrugs generally
haveahi gh affinity for neamdDbC® DCD as well as Mb
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9. Further work

The purification 1) and @) was not ideal and products were lost in the process. Should one want to
syntesis these molecules again, it is worth looking into alternative columns that would suit the
molecules better. The same goes @) @nd (3) which had somefdhe same difficulty as thedx

prodrugs.

Looking beyond the synthesis and with the products in harghould 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 tinelease rate of therodrug from the CD complexThisis an aspect

this study did not touch cand it would give an indicatioas 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
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11.1.2 From oxalyl chloride
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11.2 1-chlorobenzotriazole (9)
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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
'H NMR fraction &
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1H NMR fraction-47
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IH NMR fraction 223
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IH NMR fraction 285
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IH NMR fraction 439
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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
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11.3.4 Second attempt i after purification

IH NMR Fraction-20
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1H NMR Fraction 183
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IH NMR Fraction 296
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IHNMR(CDCk) : G 2. 71 (2H, 8, m), 2018H m)(13341.94 @M, m), 2921 0
(1H, m), 1.69 (4H, m)
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IH NMR Fraction 496
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7.65 Hz), 2.55 (t)=7.22 Hz), 2.16 (s), 2.06 (m)

- 7.98 (M), 7.47 (m), 2.75 (8

H NMR (CDCh)

1.85 1.67 (m), 1.24 (m).
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1H NMR Fraction 691
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IH NMR (CD:0OD) : 2.08, 1.89 (m), 1.74 (m).
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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 (CD:OD): 1i8.04 (LH, d, J=8.42 Hz), 7.881H, t, J=8.73 Hz), 7.621H, d, J=7.61 Hz), 5.44
(1H, m), 5.18 (H, m), 4.04 (2H, s), 3.64 (3H, s) 3.45 (1H, m), 3.17 (3H, 24J0 @H, t, J=7.05 Hz),
2.44 QH,t, J=7.47 Hz),1.97-1.86 6H, m), 1.831.69 (L1H,m), 1.341.27 6H, 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 1 after purification
'H NMR fraction-29
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'H NMR (CDsOD): i4.59(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 338
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IH NMR (CDsOD): 14.60 (1H, s)4.07 (1H, m), 3.66 (1H, gl=4.98 Hz), 3.48 (1H, 1J=4.93 Hz),

3.44 (1H, pJ=4.98 Hz),1.92(1H, s), 1.331.29 (1H, m).
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IH NMR fraction 392
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IH NMR (CD:OD): &1 7.71-7.67 (1H, m)7.30-7.25 (1H, m), 4.60 (1H, s), 3.44 (0.3H,J51.68 Hz),
3.21 (0.4H, pJ=1.68 Hz), 1.93 (1H, s), 1.4B28 (2H, m), 1.24 (0.3H, s), 1.17 (0.3H,Jd6.32 Hz),
0.92 (1H, tJ=7.10 Hz)
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11.4.4 First attempt 7 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"
w AB
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 )
(JCCICICC I )
(JCCCICCC )
(JCCCICC I )
0000000
CCCICICICIC )
0000000
000000600
0000000
0000000
0000000

Page 1
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11.4.5 First attempt 1 after flush trough
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'H NMR (CD:;OD): i 7.94(1H, d, J=7.66 Hz), 7.841H, dt J=2.59, 7.66 Hz), 7.56LH, dd, J=7.87,
3.15 Hz), 5.4Q2H, 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), 2.353H, m), 2.14 (2H, m)1.93 (2H, m), 178 (4H, m), 1.8 (9H, m) 1.12
(2H, m).
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11.4.6 Second attempt i 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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0000000 : oo | ds | 0
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11.4.7 Second attempt 1 after purification

IH NMR fraction 229
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!H NMR (CDsOD) : 8.01i (1H, d,J=7.46 Hz), 7.86 (1H, }=9.09 Hz), 7.60 (1H, dI=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 (2854145 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 335
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7.00 Hz), 3.36 (1H, s), 1.19 (0.5H,)£7.06

. 4.58 (1H, s), 3.61 (0.25H, g

IH NMR (CD:OD)

Hz).
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IH NMR fraction 346

o o o o o o o o o o o =]
B B 8 v . F & & o & 7 8 o 7
i,
8 -2
T~ o %
___\__EHH ﬂ-. ‘ﬁ :[—CH'D[
§ |
N o
e L|_ q L=
— | o
= >
iy
— I
o
—_ I =wilo
s ™
ﬁ'i—’r?:\:g____i et
-~ J97 o B |
(V5] - m
=4 R I 1
p I
0
ﬁl\-m_“““ | —J I—lra?_:lf'
/ _
-
N\ - Hes
7] a j B F =
vf = -
\ 5 K
IL#ZD# g W = I—E.E.'IJ_
5% 5:1: Eu‘: T ury
o i - :E—il:l"[_u_.l
\ \_ /
/ /" \_Z
O'r'{,':ﬁ ITe] "!N— =]
o
59&’?—%’: \w—o-
Ef \.‘-'—DH un
[
\_/
of: Nf"?’ “‘\2 S -
o
./
=5 e
O 5= \lEZDE |
; =
\N:HI D iﬁ-s_
(N e 3 ool
- - =
o/ N
H—® QA I
- L

IH NMR (CDsOD) : 8.0di (1H, d,)=7.43 Hz), 7.89 (1H, t=7.83 Hz), 7.62 (1H, dI=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)}; L MB(14H, m).
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IH NMR fraction 462
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'H NMR (CD;OD) : 8.06 (1H, dJ=7.49 Hz), 7.86 (1H, 11=8.22 Hz), 7.60 (1H, dI=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 (28717 Hz) 3.05 (3H,
m), 2.37 (2H, m), 2.17 (2H, dd=10.44, 5.04 Hz), 1.78 (6H, m), 1.28 (5H),rh.18 (7H, m), 0.90
(2H, m).
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11.4.8 LC-MS

834.3659M+Na’], calc. for.
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11.49ITC measurement-nat i B b

At1 mM

DP (ucal/s)

Time (min)
0.02— o
0.01— o
[
g 0— 1 ° [
~ = @
S -0.014 e ®
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 hbinding 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 - Mb CD
At 1l mM

DP (ucal/s)

5.69—
| | | | | | I | | | | | | | | | |
0 5 10 15 20 25 30 35 40
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No binding observed.
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At 0.5 mM

5.68—

5.67—

5.66—

5.65—

DP (ucal/s)
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5.63—

5,62 —

AH (kcal/mol)
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0 2 4 6 8 10 12

Molar Ratio

No hbinding observed.
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11.4.11 ITC measurementi HP b CD
At 1l mM

5.805—

58—

5.l 99—
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Molar Ratio

No hbinding observed.
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At 0.5 mM

DP (ucal/s)

AH (kcal/mol)

5.78—

5. 77—

5.16—

Sy

34—

5.73—

.42

35 40

Molar Ratio

No hbinding observed.
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11.4.12 ITC measurement-SBE Db CD

Atl mM
5.7
5.68
5.66
Q 5.64—_
C_S 5.62—_
= 5.6
A 558
O 556
5.54
5.52—
1 I | I | | | I | | ] I I T I I ] I
0 5 10 15 20 25 30 35 40
Time (min)
-0.31 °
-0.35—
O  -04-
= i M
= 9454 odel: One Set of Sites
@ = [Cell] (M) = 16.0e-6
iV 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
1 | | | | | I | I | | | |
0 2 4 6 8 10 12
Molar Ratio

Values reported:

Kp= 17x10° +506x10° M
Ka=5882 M1

Re d u é¢=e4@X16* Kcal/moP
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Signature

-2.54

(kcal/mol)

1
w
|

Reported values:
gH=-1.05t 2.35Kcal/mol
qG=-4.97 Kcal/mol
-TgH=-5.14 Kcal/mol
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At 1 mMwith n=1

e
568
5661
5,64
5167

i
558
5,56
5.54 ]
550

DP (ucal/s)

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°+41510° M

Ka= 1422M1

Re d u é¢=22@10¢ Kcal/moP

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

Molar Ratio
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Signature

(kcal/mol)
LIIJ1 |

-10-

-15-

50—

=25

Reported values
gH=-24.3t 17.9Kcal/mol
gG=-4.43Kcal/mol
-Tg=20Kcal/mol
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At 0.5 mM

No hbinding observed.
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