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2 Introduction

2.1 Integrins

The integrins are a family af, 5 heterodimeric receptors and are expressed by
all multicellular animals, but their diversity vas widely among species; for example,
in mammals, 19 and 84 subunit genes encode polypeptides that combinerto 25
different receptors, whereas theosophila andCaenorhabditis genomes encode only
five and two integrira subunits respectively.

Molecular mass is usually between 90 kDa and 168 lkidd both subunits
penetrate the plasma membrane. @ladp subunits have distinct domain structures,
with extracellular domains from each subunit cdmiting to the ligand-binding site of
the heterodimer. The cytoplasmic tails of humaagnt subunits are less than 75
amino acids long.The technology progress allowed us to specify #amino acids
sequence and steric arrangement of some importegyrin, for examplevp3.>
According to binding specifity of extracelular sulitwe can divide integrins in main
groups, laminin-binding integrins, collagen-bindingegrins, leukocyte integrins and
RGD-recognizing integrins.

Integrin receptors provide communication betweencll and other cells or
extracelular matrix. They participate on informatexchange about outside
environment and at the same time regulate resgordenges inside the cells. Among
other functions there are regulation of cellulaaysty cell adhesion and a very important

role in cell migrations.



2.2 Integrins in relation to cancer

On the beginning carcinoma genesis is malfunctfacoatrol mechanism cells.
Consequently, an uncontrolled cell proliferatitarts and expresses many different
proteins and receptors specific for this procagggrins play a key role in cell survival,
proliferation, migration, expression of genes, antivation of growth factor receptors.
Their functions and expressions are deregulateéweral types of cancer including
prostate cancér breast canc@rgastric cancér colorectal cancéand melanoma.

Next research was focused on involvment of integinncell movement and
adhesion by tumor methastasis. In this processnécessary for the cell to survive, to
save the adhesive interaction between tumor cetissarrounding, which are host cells
or extracelular matrix. As a result there was diset the presence of integrins with
affinity to vitronectin. The extracellular matrixqiein vitronectin is recognized as an
adhesive substrate for four known integrins: alpjista(l), alpha(v)beta(3),
alpha(v)beta(5) or alpha(llb)beta(®$)By studying the mechanism of interaction
between vitronectin and receptors was find out tir@a@bility of fibronectin to bind
cells can be accounted for by the tetrapeptidegingl-glycyl-L-aspartyl-L-serine
sequence which is part of the cell attachment doro&fibronectift’. The tripeptide
Arg-Gly-Asp (RGD) appears to be irreplaceable famtenance of the activity of this
peptide, whereas the serine residue can be replatedome, but apparently not all,
possible residue.

Occupation of these receptors, from which the rnrosstigated is
alpha(v)beta(3), with RGD derivates significantifibited the experimental lung and
liver cancer metastasis.The regulation of adhasiesaction of tumor cells with
extracelular matrix or host cells may provide ampiging approach for the prevention of
tumor metastasi¥ It is also possible to use this RGD sequence prarated in suitable
radioactive marked molecules for imaging early istaddof cancer metastases by
positron emission tomography.



2.3 RGD sequence in tumor imaging

From the first structure models of the extracetigkegment of the
alpha(v)beta(3) integrin receptor with a RGD ligdomaind to the active place, structural
models for the interactions of known ligands whk alpha(v)beta(3) integrin receptor
were generated by automated computing docking.obteined complexes were
classified for their consistency with structureraty relationships and site-directed
mutagenesis dat4.

Following these models, there were synthetiseedfit peptide with RGD
triplet in ground to advance binding capacity afiohily. On both ends the attachment
with another peptides different size and sequeraattempted. For affinity is better
the cyclization of pentapeptides and hexapeptities: keeping the linear structure.

To potentionally use these peptides for tumor img@gin PET scanners it is
necessary to incorporate or bind radioactivellylbd element. For keeping good
affinity is always used suitable linker which holdtswvn steric obstruction. As a linker it
is possible to put in reasonably large moleculeef@mple glycosid8 or another

organic molecule. On the other side of the linkeraidioactive labelled eleméntl, *F,

lllln, gngC, 64CU.17



2.4 Peptidomimetics

Potential improvement of RGD peptide and other@mags in clinical practice
reduce many inconvenient attributes typical fortg@irtss. Resulted compounds are
relatively large and lowly absorbable into circidat They are very sensitive to pH

changes in surroundings and quickly decomposedprdteolytic enzymes.

Secondary structure peptidomimetic approach enablpsepare non-peptidic
antagonists which to a certain extent remove thegative properties. Non-peptidic
molecules are usually smaller and better peneimtdecirculation. They are not
frequently decomposed with proteolytic enzymesalsd better pH stability improves

the possibilities of their use.

According to computing accounted models are syrbetpotentional high
affinity compounds library. These substances” fypeae screened in vitro to identify

the best ones and to detect exact integrin receptuype.

For diagnostic use on PET scanners it is necess@st radioactive form of
these chosen molecules. Unlike to RGD peptide tisemet used a linker for binding
radioactive element, but the straight incorporatido main structure. In the first step of
this reaction, radioactive element is substituted r@ceptor affinity is checked again,
because this new element in molecule can changjf@r&s-dimensional orientation and
be the cause of affinity decrease. Just becauaHinity decrease after substitution it is
not possible to use some otherwise very good midsdar tumor imaging. If the high
affinity is saved, this compound is radioactivedpelled and serves as the contrasting

substance by investigation.
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3 Methodics

The Mitsunobu reaction was discovered in 1§6nd gained countenance for
possibility of wide using in organic synthesisislta reaction of alcohol with different
nucleophilic groups in presence of phosphine adiaarboxyl compound. Mechanism
was always studied by esterification with RBhd DEAD, which is often used through

stereochemistry conversion (Schemé®f¥.

At first the triphenyl phosphinelY and DEAD @) create an intermediat8)(
which attacks the carboxyl acid and deprotonatbg forming ion pair4). The
generated carboxylate anion takes away proton &lowhol and establish alcoxide. In
the next step thanks this alcoxide originate fatfecent intermediatesS@-d) from
which just oxyphosphonium iol§) provides the final product, est&) {n opposite
stereomerical configuration. The amount of formixgphosphonium ion is highly
depending on solvation and basicity of nucleopfYle.
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The Mitsunobu reaction is also used in anothecifipesynthesis with different
nucleofilic groups. Change of stereochemic confitjon hydroxyl group is the key in
the synthesis of the new antibiotic thienamydip(Scheme 2). Reaction kinetics study
showed that only under strictly controlled condisacould a good yield of inverted

product @) be obtained?
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Very well applicable is the Mitsunobu reaction preparation alky-aryl ethers.
But by syntheses of pyridine ethers yields sigaifiity lowered and another by-product
was observed. Through the research in literatle@ky was recogonized as reason of
this trouble. As a resolution was used the replaceraf DEAD by ADDP® which
provided higher basic anidfiNext options for replacement of DEAD are another
compounds dp-chlorobenzyl azodicarboxylate (DCAfand N,N,N',N'-
tetramethylazodicarboxamide (TMAB) These were developed for Mitsunobu reaction

to optimize its yields.
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4  Aim of the work

The main objective of my work was implementationasfine in nonpeptidic
high affinity compounds to alpha(v)beta(3) integeeptors. After preparation this
compounds | will check by the cell test the effefcthis substitution on affinity to the
receptors. In case of retention of good affinitigipossible to radioactively label these

molecules and to use them for tumor imaging on B&&hners.
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5 Experimental section

All chemicals used in this work were purchased fifelomka, Aldrich, Afa Aesar,
Merck, ABCR and AppliChem. Solvents weren’t destilbefore use.

Thin layer chromatography was performedRafygram SilG/UV254 (Macherey-

Nagel, Diren, Germany) with UV detection.

HPLC was performed on an Agilent 1100 Series systsimg water with 0.1%
TFA as solvent A and acetonitrile with 0.1% TFAsadvent B. The elution profile was
monitored by UV absorbance at 214 and 254 nm. falyais was used Chromolfth
Performance RP-18e 100 x 4.6 column (Merck, Dardts@ermany); gradient elution
protocol: 100% solvent A to 100% solvent B in 5 nflaw rate: 4.0 mL/min. For
purification was used ChromolfttSemiPrep RP-18e (100 x 10) column (Merck,

Darmstadt, Germany); flow rate: 8.0 mL/min.

Mass spectra were recorded on a Bruker Daltonicsafiex® benchtop
MALDI-TOF MS (Bruker Daltonics, Bremen, Germany).

-14 -
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5.1 Preparation of 3-(pyridin-2-ylamino)propan-1-ol (JF 1-1)

A X
| N Br ToHNTon ENJ\N/\/\OH
Reagents
2-bromopyridine 3-aminopropan-1-ol JF1-1
Chemical formula 6HsBrN C3sHoNO GsH12N20
Mw 158,00 75,11 152,19
m[g] 2,00 1,90 1,15
n[mmol] 12,7 25,4
d[g/ml] 0,9880
V[ml] 1,92
Procedure

2-Brompyridine (2,0g; 12,7mmol) was heated withn3iraopropanol (1,92ml) at
150 °C for 7h. The resulting mixture was purifigddolumn chromatography on silica
gel (DCM/methanol, 90:10) to give 1,15g (59,6 %)igf yellow oil 2’

MS (ESI): m/z= 153,1 [M+H]

-17 -



5.2 Preparation of 2-(tert-butoxycarbonylamino)-3-(4-(3-
(pyridin-2-ylamino)propoxy)phenyl)propanoate (JF 1-2)

0 o)
= OCHg = OCHs
| Pz AN - NH O ~ | HN 0
NN OH HO \( N ONT"N0 \f
H 0 H o

ES ES

Reagents
gFra | POOVOSel e | bey | ADDP | JF 12
methyl ester

Chemical formula | €H12N,O CisH21NOs Ca3H31N305
Mw 152,19 295,34 202,3p 252,32 429,53
m[g] 1,15 2,00 1,79 2,23 1,58
n[mmol] 7,5 6,8 8,84 8,84 3,7
d[g/ml] 0,820
V[ml] 120 | 2,20

Procedure

N-Boc-tyrosine methyl ester(2,0g; 6,8mmol), 3-(pyni2-ylamino)propan-1-ol
(1,15g; 7,5mmol) and tributylphosphine (1,79g; 8@dol) were dissolved in dry THF
(120ml) in flask and stirred at 0°C under argonaphere. Azodicarboxydipiperidid
(2,239; 8,84mmol) was dissolved in dry THF (35mmiYladded dropwise to the reaction
mixture in 4 h time. The resulting yellow suspensieas allowed to warm to room
temperature and stirred for 20 h. After additiorsitita gel and evaporation of THF the
mixture was purified by column chromatography dicaigel (DCM/ethylacetate, 2:1)
to give 1,58g (54,5 %) of colorless 6il.

MS (ESI): m/z= 430,3 [M+H]

-18 -




5.3 Preparation of methyl 2-amino-3-(4-(3-(pyridin-2-
ylamino)propoxy)phenyl)propanoate (JF 1-3)

0 o)
4 w octt g octs
SN0 HNYO — SN0 NHa
H H
A
Reagents
JF1-2 Dioxane HCI JF 1-3
Chemical formula &H31N30s CigH23N303
Mw 429,53 329,53
m[mg] 800 680
n[mmol] 1,86
d[g/ml]
V[ml] 16 5
Procedure

The starting material (800mg; 1,86 mmol) was digsdlin 16 ml of dioxane.
Then 5ml of HCI was added and the mixture wasestiat room temperature and
monitored by thin-layer chromatography. After e solvent was evaporated and the
resulting amine hydrochloride (680 mg; 94%) wagduee next reaction without

purification?’

MS (ESI): m/z= 219,1; 330,2 [M+H] 437,4

-19 -



5.4 Preparation of methyl 2-(4-iodophenylsulfonamido)-3-(4-

(3-(pyridin-2-ylamino)propoxy)phenyl)propanoate

(JF 1-4)
e) Os.-0
cl” Q
SN N0 NF, i SN0 HN. -0
H o)
|
Reagents
4-1-benzen-
JF 1-3 DMF ) DIPEA JF 1-4
sulfonyl chloride
Chemical formula GsH23N303 CosH26N305SI
Mw 329,53 302,3 129,25 595,43
m[mg] 200 550 390 127
n[mmol] 0,6 1,8 3
d[g/ml] 0,755
V[ml] 8 0,52
Procedure

The amine hydrochloride (200 mg; 0,6 mmol; 1 eg$ @&solved in 8 ml of
THF, 4-1-benzen-sulfonyl chloride (550 mg;1,8 mni@dq) and DIPEA (0,52 ml; 3

mmol; 5 eq) were added and the resulting mixture stered for 26 h. Then the solvent

was evaporated and a part (27 mg) was separetepuaified for analyses. Second part

(100 mg) was used for next step without purificafib

MS (ESI): m/z= 462,1 [M+H]*; 596,2 [Mb+H]*

HPLC (0-100%; 4min):g#=2,997

-20 -




5.5 Preparation of 2-(4-iodophenylsulfonamido)-3-(4-(3-
(pyridin-2-ylamino)propoxy)phenyl)propanoic acid

(JF 1-5)
0 0
] w ocH, @ MOH
N H/\/\O H'C\'); 20 - Sy H/\/\O HIC\I);S//O
| |
Reagents
JF 1-4 LiOH MeOH/R.0 JF 1-5
3/1
Chemical formula Cy4H26N30sSI Co3H24N305SI
Mw 595,43 23,95 581,43
m[mg] 100 20+10 15
n[mmol] 0,17 0,85
d[g/ml]
V[ml] 16
Procedure

The methyl ester was dissolved in 16 ml of methavaikr 3:1 and LiOH was
added (20mg; 0,85 mmol; 5eq). After 48 h next Li(lld mg) was added and the
reaction was always monitored with HPLC. After 78 reaction was terminated and
the solvent was evaporated. The crude product wafigal by preparative HPLC to
give a final product as TFA salt (15 mg; 15 %).

MS (ESI): m/z=582,2 [M+H]

HPLC (0-100%; 4min):¢=2,787 min

-21 -



IH-NMR (300 MHz, DMSO)3= 8,32 (bs, 1H), 7,90 (d, 1H), 7,74 (t, 1H), 7,28
(d, 2H), 7,13 (d, 2H), 7,01 (d,2H), 6,93 (d, 2HJ B(d, 2H), 4,01 (t, 2H), 3,77 (dt, 1H),
3,44 (m, 2H), 2,88(d, 1H), 2,60 (d, 1H), 2,03(m)2H

Elementary analysis:

Found: C 43,20; H 3,92; N 6,05

Counted: C 43,18; H 3,62; N 6,04; S 4,61;118Q4:6,10; F 8,20

-22 -



5.6 Preparation of methyl 4-(4-(benzyloxy)phenyl)-3-(tert-

butoxycarbonylamino)butanoate (JF 2-1)

Reagents
Boc-O-benzyl
homotyrosine MeOH | DMAP | EDC DCM JF 2-1
Chemical formula @&H27NOs GagH29NOs
Mw 385,45 32,04 122,14 191, 399,46
m[mg] 500 83,5 160 | 498,75 440
n[mmol] 1,3 2,6 0,13 2,6
d[g/ml] 0,792
V[ml] 0,11 10
Procedure

Boc-0O-benzyl homotyrosine (500 mg; 1,3 mmol; 10eegthanol (0,11 ml; 2,6
mmol; 20 eq) and DMAP (160 mg; 0,13 mmol; 1 eq)ewdissolved in 10 ml of
dichloromethane. To this solution was added ED@&%g; 2,6 mmol; 20eq) and the

resulting mixture was stirred at room temperatfeer 4,25 h was 1N HCI added and

the product was extracted three times with 10ntildiomethane. Extract was dried

over anhydrous MgS{and then was the solvent evaporated. Crude prodast

purified by column chromatography on silica gel (@®eOH, 97:3) to give 440 mg
(84,6 %) of white solid®

MS (ESI): m/z= 400,2 [M+H]

-23 -




5.7 Preparation of methyl 3-(tert-butoxycarbonylamino)-4-(4-
hydroxyphenyl)butanoate (JF 2-2)

/Q/YYO o
(0) HO NH OCH;
j\ 0 o0 o

Reagents

JF 2-1 10% Pd-C  MeOH Ammonium JF 2-2

formate

Chemical formula | &HoNOs CieH23NOs
Mw 399,46 63,03 309,46
m[mg] 440 440 350 330
n[mmol] 11 5,5
d[g/ml]
Viml] 12
Procedure

Boc-O-benzyl homotyrosine methyl ester (440 mg;rardol; 1 eq) was
suspended with an equal weight of 10% Pd-C in dethanol (12 ml) under argon
atmosphere. Anhydrous ammonium formate (350 mgnBrl; 5 eq) was added in a
single portion and the mixture was stirred at reflemperature (70-80°C) for 0,5 h.
After it was the catalyst filtered through a cefied, washed with methanol and the

solvent evaporated to give final product (330 n§/69>°

MS (ESI): m/z= 332,2 [M+N4] 641,4 [2M+Na]
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5.8 Preparation of methyl 3-(tert-butoxycarbonylamino)-4-(4-

(3-(pyridin-2-ylamino)propoxy)phenyl)butanoate

(JF 2-3)
O
O I & 4
N H OH HO 5 /go SN0 /ﬁ OCHj,
H
N 27
Reagents
N-Boc-
JF1-1 homotyrosine | THF | PBy | ADDP JF 2-3
methyl ester
Chemical formula @‘|12N20 C16H23NO5 C24H33N305
Mw 152,19 309,46 202,3P 252,32 443,65
m[mg] 293 540 574 120
n[mmol] 1,92 1,75 2,275 2,275
d[g/ml] 0,820
V[ml] 40 0,56
Procedure

N-Boc-homotyrosine methyl ester(540 mg; 1,75 mm@®ljpyridin-2-
ylamino)propan-1-ol (293 mg; 1,92 mmol) and tridphosphine (0,56 ml; 2,275

mmol) were dissolved in dry THF (40 ml) in flaskdestirred at 0°C under argon

atmosphere. Azodicarboxydipiperidid (574 mg; 2,81h0ol) was dissolved in dry THF

(20 ml) and added dropwise to the reaction mixiar@ h time. The resulting yellow

suspension was allowed to warm to room temperatogestirred for 22 h. After

addition of silica gel and evaporation of THF was mixture purified by column

chromatography on silica gel (DCM/ethylacetate) #olgive 120 mg (15 %) of

colorless oif’

MS (ESI): m/z= 444,3 [M+H],
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5.9 Preparation of methyl 3-amino-4-(4-(3-(pyridin-2-
ylamino)propoxy)phenyl)butanoate (JF 2-4)

~ NH OCH | /Q/W
SN 3 X NH, OCH
N N O /& N N/\/\O 2 3

—_—
H o Yo H

A

Reagents

JF 2-3 Dioxane HCI JF 2-4
Chemical formula @H33N30s5 CioH2sN30s5
Mw 443,65 343,65
m[mg] 100 80
n[mmol] 0,225
dlg/ml]
V[ml] 5 2
Procedure

The starting material (100mg; 0,225 mmol) was dissbin 5 ml of dioxane.
Then was added 2ml of HCI and the mixture wasestiat room temperature and
monitored by thin-layer chromatography. After 1i#he solvent was evaporated and
the resulting amine hydrochloride (80 mg; 93,46%¥wsed for the next reaction

without purification®’

MS (ESI): m/z= 344,3 [M+H]*; 330,2 [Mb+H]*
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5.10 Preparation of methyl 3-(4-iodobenzamido)-4-(4-(3-

(pyridin-2-ylamino)propoxy)phenyl)butanoate (JF 2-5)

Cl~__0O
fj\ O
SN0 NH, OCH; % .
H

Reagents

CL ,
\N | N/\/\O NH OCH;3
H

e}

4-iodobenzoyl

Dioxane/Water

JF 2-4 chloride " NaHCG JF 2-5

Chemical formula] @&H25N303 GoeH28N3041
Mw 343,65 266,46 84,01 573,55
m[mg] 80 60 50 40
n[mmol] 0,2 0,23 0,6
dlg/ml]
V[mlI] 6

Procedure

The amine hydrochloride (80 mg; 0,2 mmol; 1eq ) digsolved in 6 ml of

dioxane/water (1:1) then 4-iodobenzoyl chloride (6§ 0,23 mmol; 1,1eq) and

NaHCG; (50 mg; 0,6 mmol; 3 eq) were added and the resuitiixture was stirred at

room temperature. After 4 h the solvent was evdpdrand the crude product purified

by column chromatography on silica gel (DCM/MeOH{)I95:5 ) to give 40mg (33
%) of white solid?*’

MS (ESI): m/z= 574,2 [M+H]
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5.11 Preparation of 3-(4-iodobenzamido)-4-(4-(3-(pyridin-2-
ylamino)propoxy)phenyl)butanoic acid (JF 2-6)

N NH OCH
N N/\/\O 3

H o — /@Ao
| |
Reagents
JF 2-5 LiOH MeOH/R.0 JF 2-6
3/1
Chemical formula |  @H2sN30ul CosH26N304l
Mw 573,55 23,95 559,55
m[mg] 30 6 6
n[mmol] 0,05 0,25
dlg/ml]
Viml] 16
Procedure

The methyl ester was dissolved in 16 ml of methavaikr 3:1 and LIOH (6mg;
0,25 mmol; 5eq) was added. After 25,5 h the reactias terminated and the solvent

was evaporated. The crude product was purifiedrbggrative HPLC to give a final

product as TFA salt (6 mg; 17 %).

MS (ESI): m/z= 560,2 [M+H]

HPLC (0-100%; 4min):¢=2,824 min

'H-NMR (300 MHz, DMSO)3= 8,37 (bs, 1H), 7,87 (d, 1H), 7,84 (t, 1H), 7,79
(d, 2H), 7,57 (t, 2H), 7,11 (t, 2H), 7,08 (d, 118)82 (t, 2H), 6,78 (d, 1H), 4,37 (m, 1H),
3,99 (t, 2H), 3,42 (m, 2H), 2,74 (m, 2H), 1,99 @hi)
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5.12 Preparation of 4-amino-2-(4-iodophenylsulfonamido)-4-

oxobutanoic acid JF (3-1)

H
Ots Cl 2 OH

e R

Reagets
. . 4-iodophenylsulfonyl
L-asparagine| NaOH Dioxane ] NaOH JF 3-1
chloride
Chemical
C4HgN,03 GioH11N20sSI
formula
Mw 132,12 302,52 398,08
m([g] 1,25 0,425 3,17 0,425 1,78
n[mmol] 9,4 10,4
d[g/ml]
V[ml] 6,25 6,25 6,25
(H20) (H20)
Procedure

To a stirred solution of L-asparagine (1,25 g;@ol), NaOH (0,425 g; ), }©
(6,25 ml) and dioxane (6,25 ml) at 0 °C was addastléphenylsulfonyl chloride (3,17
g; 10,4 nmol). After 1 min. NaOH (0,425 g; 6,25mis added and the reaction mixture
stirred for 1,5 h. Dioxane was evaporated and tix¢une washed with EtOAc. The
aqueous phase was then cooled to 0°C and acidifipel 5,0 with concentrated HCI to
effect product precipitation. The resulting salids collected by filtration and dried at
50°C to give 1,78 g (47,3 %) of white sofft.

MS (ESI): m/z= 399,1 [M+HT; 421,0 [M+Na]; 819,0 [2M+Na]
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5.13 Preparation of 3-amino-2-(4-iodophenylsulfonamido)

propanoic acid (JF 3-2)

0 0]
HZNNOH H,N OH
0
o HN. O HN .

Reagents
JF 3-1 NaOH Bromine NaOH JF 3-2

Chemical formula | &H11N20sSI Br, CoH11N204SI
Mw 398,08 159,81 370,08
m[g] 1,78 0,4 1,4 1,12
n[mmol] 5
d[g/ml] 3,1
V[ml] 5 (H,0) 0,26 6,5 (HO)

Procedure

To a stirred solution of NaOH (1,4 g;) in® (6,5 ml) cooled to 0°C was added
bromine (0,26ml) dropwise. After 5 min a cold s@uatof JF 3-1 (1,78 g; 5 mmol) and
NaOH (0,4 g) in HO (5 ml) was added in one portion. The solution stased for 20
min at 0°C and then 30 min at 90°C. The mixture vea®oled to 0°C and acidified to
pH 7,0 with concentrated HCI. The white precipitages collected by filtration and
dried to give 1,129 (67,3%) of white sofft].

MS (ESI): m/z= 370,9 [M+H]
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5.14 Preparation of ethyl 3-amino-2-(4-iodophenylsulfonamido)
propanoate (JF 3-3)

O 0] J
HoN OH HoN [e)

HN. © HN.
N \
/@ O _— g \O
l |

Reagents
JF 3-2 EtOH JF 3-3

Chemical formula | @H11N2O4SI Ci1H15N204SI
Mw 370,08 398,08
m[g] 1,12 0,77
n[mmol]
V[ml] 30

Procedure

NaCl in 30% HCI with HSO, prepared HCI gas which was rapidly bubbled
through a suspension of JF 3-2 (1,12 g; 3mmolPimBEtOH at 5°C. After 15 min the
cooling bath was removed and the reaction mixtuae eated to 55-60°C for 8,5 h.

Then the reaction was concentrated to give 0,B5@%) of ester as white sofid.
MS (ESI): m/z= 398,9[M+H]

HPLC (0-100%; 4min):¢=2,346 min
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5.15 Preparation of ethyl 4-((trimethylsilyl)ethynyl)benzoate

’
o / * TMS—

(JF 3-4)

0
. TMS%@—/{
o/

Reagents
Ethyl 4- TMS-
_ EtsN | CHsCN | (PhsP)RPdCb Cul JF 3-4
iodobenzoate actylene
Chemical C14H188iO
CgHoO0l
formula 2
Mw 276,08 98,22 | 101,19 701,89 190,4 246,08
m[g] 1,9 0,69 0,039 0,01¢ 1,55
n[mmol] 7 7 28 0,055 0,1
d[g/ml] 1,63 0,69 0,726
V[ml] 1,18 1 3,9 10
Procedure

TMS-acetylene (1 ml; 7 mmol), ethyl-4iodobenzodtd 8 ml; 7 mmol) and

EtN (3,9 ml; 28 mmol) were combined in 10 ml ¢EN in a glass pressure tube.
(PhsP)PdC} (0,039 g; 0,055 mmol) and Cul (0,019 g; 0,2mmatyevadded and the
reaction was sealed and heated at 100°C for A@&dr. dilution with EtOAc the
mixture was washed three times with 100 ml watentthree times with 150 ml brine
and concentrated to provide 1,55 g (92,3%) of broikrf
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5.16 Preparation of ethyl 4-ethynylbenzoate (JF 3-5)

oL =4

Reagents
JF 3-4 EtOH KCOs JF 3-5

Chemical formulg Ci4H15SiO, C11H100;
Mw 246,08 138,21 174
m[g] 4,62 0,15 3,7
n[mmol] 18,7 1,1
dlg/ml]
V[ml] 60

Procedure

JF 3-4 (4,62 g; 18,7 mmol) was dissolved in 60 @H K,CO;(0,15 g;
1,1mmol) was added and the mixture was stirredan temperature. After 23,5 h the
solvent was evaporated and the crude product pdrify column chromatography (10
% EtOAc/n-hexane) to give 3,7 g (76%) of JF %5,

MS (ESI): m/z= 175,0[M+H]; 300,2; 328,2
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5.17 Preparation of ethyl 4-((6-aminopyridin-2-yl)ethynyl)
benzoate (JF 3-6)

Br
o) N — 0
=04, G — =04
0 ZSNH N 0
2
H,N

Reagents
2-Amino-6-
JF 3-5 o EtzN | CHCN | (PsPRLPdCL | Cul JF 3-6
bromopyridine
Chemical
C11H1002 GieH1aN20,
formula
Mw 174,0 173,01 101,19 701,89 190,4 266,01
m[g] 1,392 1,66 0,308 0,106 1,13
n[mmol] 8 2,6 0,44 0,55
d[g/ml] 0,726
V[ml] 4 15
Procedure

JF 3-5 (1,392 g; 8 mmol), 2-Amino-6-bromopyridiried6 g; 2,6 mmol), BN
(15 ml), (PRP),PdC} (0,308 g; 0,44 mmol) and Cul (0,106 g; 0,55 mmad)e
combined in 15 ml CECN sealed in a glass pressure tube and heatedt€ I6r 3,5
h. Then the mixture was diluted with EtOAc, waskie@e times with water and three
times with brine, dried with MgS{and concentrated under reduced pressure. The crude
product was purified by column chromatography (28&étone/n-Hexane) to give 1,13
g (53%) of JF 3-8

MS (ESI): m/z= 267,1[M+H]
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5.18 Preparation of 4-(2-(6-aminopyridin-2-yl)ethyl)benzoic acid

(JF 3-7)
0
= O OH
\ ,\1 — \ /T H).N_N
H,N _
Reagents
JF 3-6 Pd-C| EtOH HCI 10N JF 3-7

Chemical formula |  @H14N20; Ci4H14N20;
Mw 266,01 242,01
m[g] 1,17 0,585 0,99
n[mmol] 4.4
d[g/ml]
V[ml] 50 20
Procedure

Mixture of JF 3-6 (1,17 g; 4,4 mmol), 10% Pd-C g55) in 50 ml EtOH was
stirred under 1 atm HAfter 23 h the mixture was filtered through aiteepad and
concentrated under reduced pressure. A suspernfsaoade ester in 10N HCI (20 ml)
was heated to 65°C for 2 h. After evaporation d¥esat was obtained 0,99 g (93,4%) of
JF 3-7 as a tan solfd.

MS (ESI): m/z= 243,1[M+H]
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5.19 Preparation of ethyl 3-(4-(2-(6-aminopyridin-2-yl)
ethyl)benzamido)-2-(4-iodophenylsulfonamido)
propanoate (JF 3-8)

o]

o)
HzN/\)J\OJ o o J
H,N_ _N o HN\S/io Nﬁ)ko
Mt . /@ e HoN N H HN. ©
= | | /@ %
|
Reagents
JF 3-7 JF 3-3 EDCHOBT | NMM DMF JF 3-8
Chemical
C14H14N2Os | Ci1H15N204SI GsH27N4OsS|
formula
Mw 242,01 398,08 153,1 622,09
m[mg] 200 340 180 125 221
n[mmol] 0,8 0,85 0,82
dlg/mi]
V[mi] 0315 | 6
Procedure

The solution of JF 3-7 (200 mg; 0,8 mmol), JF 380 mg; 0,85 mmol), EDC
(180 mg), HOBT (125 mg; 0,82 mmol), NMM (0,315 rm)DMF (6 ml) was stirred for
30 h. Then the reaction was diluted with EtOAc arghed twice with 80 ml saturated
NaHQ;, twice with 80 ml brine, dried with MgSnd concentrated under reduced
pressure. The crude product was purified with colwmromatography (10% 2-
propanol/EtOAC) to give 221 mg (43,1 %) of JF ¥8.

MS (ESI): m/z= 623,2 [M+H]

HPLC (0-100%; 4min):¢=2,902 min
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5.20 Preparation of 3-(4-(2-(6-aminopyridin-2-yl)ethyl)
benzamido)-2-(4-iodophenylsulfonamido)propanoic acid

(JF 3-9)
o} o} J o] o}
N o N OH
H,N__N HN. P HaN_N H hn. 0
| = S\\ —_— > | N S\\
g e - ok
[ [
Reagents
JF 3-8 30% HCI JF 3-9
Chemical formula esH-7N4OsSI Go3H23N4OsS
Mw 622,09 594,09
m[mg] 221
n[mmol] 0,36
V[ml] 30
Procedure

The solution of JF 3-8 (221 mg; 0,36 mmol) and 38& (30 ml) was heated to
65°C . After 20,5 h was the mixture concentratedeumeduced pressure and purified
on HPLC to give JF 3-9 as TFA siit.

MS (ESI): m/z=595,1 [M+H]
HPLC (0-100%; 4min):¢=2,616 min

'H-NMR (300 MHz, DMSO)3= 8,34 (t, 1H), 8,27 (s, 1H), 7,79 (d, 2H), 7,74
(d, 2H), 7,64 (d, 2H), 7,45(d, 2H), 7,31 (d, 2H){B(d, 1H), 4,15 (s, 2H), 3,48 (M, 2H),
3,32 (m, 2H)

Elementary analysis:

Found (with 1,1 TFA): C 42,05; H 3,37, N 7,78

Counted: C42,38; H3,41; N7,91; S4,53;1170115,81; F 8,05
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6 Discussion

At first the aminopyridinyl alcohol JF1-1 was syasived from 2-bromopyridine
and aninopropanol at 150°C in around 60% yield clvhwvas little bit lower than
expected on based literature. While N-Boc-tyrosathyl ester was good comercionally
accessible N-Boc-homotyrosin methyl ester (JF B&) to be prepared with two-step
reaction from O-benzoyl-N-boc-homotyrosin. First thydroxyl group was protected
with methylation by using methanol, DMAP and EDMiGM and then the benzoyl
group was removed using ammonium formate and Pslaialyst in methanol. Both
reaction passed with good yields around 85-95%h Bogse compounds were coupled
with aminopyridinyl alcohol through Mitsunobu reiact by addition PBgiand ADDP
in THF to give heterogeneous yields. We obtaineabat 55% yield of JF 1-2 but just
15% yield of JF 2-3. By repetition of this couplifagg obtaininig a bigger amount of
product the reaction didn’t pass in agreement With scheme and we didn’t get any
required product. In regard to uncertainity of tlgaction as option for this coupling is
possible to use reaction of 1,3-dibrompropan witmaatic hydroxyl from N-Boc-
homotyrosin methyl ester and subsequently havedatt the formed product with
aminopyridin. Based on published literature promiges method better yields.

Before next reactions both precursors were Bocatepted with HCI in dioxane by
indoor temperature to get high yields above 90%l-3Fcompound based on tyrosin
structure was acylated with 4-iodine-sulfonyl cidorvith DIPEA in DMF. In contrast
to literature we tried purification of resultinggoluct on column chromatography, but
the same mobile phase used by thin layer chromappbgrdidn’t separated obtained
product enough. In case of use with bigger amotiatasting substance we recommend
to pay attention to specification of mobile phasefécilitation of the last step of
synthesis. JF 2-4 compound based on homotyrosiotste was acetylated with 4-
iodobenzoyl chloride with NaHC£ n mixture of dioxane/water. Resulting crude
product was successfully purified by column chrargetphy. Both compounds, JF1-4
and JF 2-5, were in the last step demethylated kidd in methanol. While the
reaction with purified JF 2-5 passed relativelyoyly to the reaction with JF 1-4 was
necessary to add next LiOH and also the reactina was three-times longer. At the

same time purification facilitated a lot preparatiPLC with final product.
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Preparation of final structure JF 3-9 was dividetiwo parts. At first was
synthetized 3-amino-2-arylsulfonylaminopropanoiaterivat which was coupled

with aminopyridilethylbenzoic acid.

At first L-asparagine was acetylated on amino greitp 4-iodophenylsulfonyl
chloride in aquesous NaOH and dioxane to get JivaHlyield 47%. Resulting
product was shorted on carbon skelet through @aetith bromine to give JF 3-2 in
yield 67%. At the end was the hydroxyl group pctee to obtain ethyl ester JF 3-3.
From all these three reactions were obtained ptsdiearly enough which weren’t
necessary to purify before next use. Except ofgmagmn of JF 3-2, it failed to get so
high yields as was presented in literattire.

Second part of resulting structure was prepareld eatpling TMS-acetylene
and Ethyl 4-iodobenzoate with ($#),PdCbLand Cul in CHCN in a glass pressure tube
to give JF 3-4 with yield 92%. From resulting protlwas TMS group broken away
with K,CO;s in ethanol. The resulted free acetylen was coupidd 2-Amino-6-
bromopyridine with the help of (BR),PdCLand Cul in CHCN to give JF 3-6. The
mobile phase for column chromatography for bettedpct separation was found out to
improve fraction of aceton in hexane to 20% frddflas featured in instruction.
Reduction of double bond with Pd/C under hydrogenosphere by normal
atmospheric pressure and consequentive eliminatgthylester group via acid
hydrolysis passed with high yield of 93% JF 3-7 poomd. To released hydroxyl group
was coupled the free amino group from JF 3-3 @s@nce of EDC, HOBT and NMM
in DMF. After purification by column chromatograptwas resulting compound JF 3-8
diluted in concentrated HCI and by elimination éd#isyer group the final product JF 3-9
was obtained. All steps in this synthesis excepsdmne lower yields corresponded with

literature.
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7 Conclusions

Within my work | prepared two new iodized compounds

2-(4-iodophenylsulfonamido)-3-(4-(3-(pyridin-2-ylamoe)propoxy)phenyl) propanoic
acid (JF 1-5)

3-(4-iodobenzamido)-4-(4-(3-(pyridin-2-ylamino)pfy)phenyl) butanoic acid

(JF 2-6)

and one earlier known compound which was usedsis &s reference
3-(4-(2-(6-aminopyridin-2-yl)ethyl) benzamido)-2-{@dophenylsulfonamido)
propanoic acid (JF 3-9)

All these substances were described with Mass speetry,'H-NMR

spectroscopy and HPLC.

By in vitro cell-binding assay we establishe@d@alues® For JF 1-5
IC50=195,6 (before substitution 3,4), for JF 2-63€9924,8 (before substitution 1,2)
and for JF 3-9. 16;=2,4. Because the affinity of new substituted coumuts was clearly

lower radioactive labelling wasn’'t made.

-40 -



8 Abstract

The integrins are family o, 5 heterodimeric receptors with high importance in
many cell processes. They are expressed by allaelldiar animals. Mainly
alpha(v)beta(3) subset plays important role inscatihesion with surroundings.
Adhesion decrease by occupation of these receigtased as restriction for tumor
metastasis or for early tumor imaging. Descriptbstructure and three-dimensional
orientation of binding place of this subset wereREED (Arg-Gly-Asp) peptide as high
affinite ligands. According to computing accountaddels of interaction between RGD

peptide and binding place were also nonpeptidetiggprepared.

In this publication we tried to prepare potentityalsable molecules for tumor
imaging on PET scanners. For the base we chossadglkenown molecules with high
affinity to alpha(v)beta(3) integrins and with iadisubstitution we got possibility for
radioactive labelling. Unfortunately, this incorption of iodine into the molecule

decreased I§gto value preclusive practical using.
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9 Abstrakt

Integriny jsoua, S heterodimerni skupinou recepia velkym vyznamem
v mnoha bu&nych procesech. Vyskytuji se ve vSech mnohé&ych organismech.
PredevSim podskupina alpha(v)beta(3) hraje vyznamolou adhezi butk s okolim.
Snizeni adheze obsazenifohto receptar se vyuziva k omezeni metastazovani
rakovinych bugk nebo k jejich ¥asné diagnostice. Popsanim struktury a prostorového
uspdadani vazebného mista této podskupiny byly jakoegsfinitni ligandy ueny
peptidy obsahujici RGD (Arg-Gly-Asp) triplet. Pogiecitatovych modael interakce
RGD peptidi a vazebného mista receptoru byly postygiipravovany i nepeptidové
ligandy.

V této préci jsme se pokusiltipravit molekuly potencionathvyuzitelé
k diagnostice rakoviny pomoci pozitronové emismiagrafie. Jakoigdlohu jsme
zvolili jiz dtive gipravené molekuly s vysokou afinitou k alpha(v)i§gjantegrinovym
receptoim a g@ipravou jejich jodovanych analégsme ziskali moznost jejich
radioaktivniho zn&ni. Bohuzel zavedeni jédu do molekuly sniZilggl@a hodnoty

znemoAuijici jejich realné vyuZiti.
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10 Shrnuti

V rdmci mé prace jsentipravil dvé nové jodované molekuly

kyselinu 2-(4-iodophenylsulfonamido)-3-(4-(3-(pyineR-ylamino)propoxy)phenyl)
propanovou (JF 1-5)

kyselinu 3-(4-iodobenzamido)-4-(4-(3-(pyridin-2-giano)propoxy)phenyl) butanovou
(JF 2-6)

a jednu dive popsanou molekulu, ktera slouzila jako sroviméirtiestech in vitro

kyselinu 3-(4-(2-(6-aminopyridin-2-yl)ethyl) benzata)-2-(4-iodophenylsulfonamido)
propanovou (JF 3-9)

V&echny tyto latky byly charakterizovany hmotnostné *H-NMR spektry a

retertnimi casy HPLC.

In vitro testovanim afinity jsme &t hodoty ICso. Pro JF 1-5 16=195,6 (ped
substituci 3,4), pro JF 2-6 469924,8 (ped substituci 1,2) a pro JF 3-954€2,4.
Protoze afinita substituovanych moleku byla vyraaiiSi nez u fivodnich,

radioaktivni zn&eni latek nebylo provedeno.
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