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PET Radioisotopes C

Radiotracer - chemical compound consists of:

Radioisotope: a radionuclide with physical data suvitable for
external measurement
Bioconjugate : a molecule with suitable pharmacokinetics, and high

concentrations in the farget organ or process



PET Radioisotopes
Useful radionuclides
I18F — half-life 110 min.
e half-life 20 min.
150 - half-life 2 min.
13N - half-life 10 min.

Radionuclide scissors

* Shorter halflife — radiation exposure

* Longer halflife — clinical availability



PET Radioisotopes
Useful radionuclides
I8F - half-life 110 min.
e half-life 20 min.
T e amn
13N - half-life 10 min

Radionuclide scissors

* Shorter halflife — radiation exposure

* Longer halflife — clinical availability
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Isotopes production ..

Cyclotron

Siemens RDS




Isotopes production
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Target for liquids

Production'SF :
Reaction: '80(p,n)'®F
Target: H,'80 ¢, 95%'%0

Product: '8F~



Application in medicine C

Oncology

Principle:

* increased glycolysis in tumor cells — Warburg phenomenon— 20-

30-times higher glucose metabolism
OH
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'8E-FDG (2-Deoxy-2-fluoro-D-glucose )

Standard radiopharamceutic in clinical practice: diagnosis of most cancers
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Isotope production '*O(. n''F

(1h, 20pA)
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Sterile filtration )
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Fiichtner et al. App. Radiat. Iso. 47, §1-64, 109§




I8EDG limitations

* FDG: normal increased uptake
— brain gray matter
— myocardium
— active muscle
— urine tract (bladder)
* FDG: abnormal increased uptake
- infection
- inflammation
- post-treatment areas

* FDG: low uptake : low grade tumors

Problem: When sugar is used by others, or not at all...
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Nucleophilic fluorination ..

Isotope production '*O(. n''F
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Fiichtner et al. App. Radiat. Iso. 47, §1-64, 109§



Nucleophilic fluorination C

e Aliphatic nucleophylic fluorination ['8F]F- with protection of other
groups

AcO CL)AC OTf AcO OAc HO OH
N0 ®BF k222Kt L Deprotection | lx_,_,,.o
. 3= ~-\V,./O 5s- \A \
: ”‘~‘~\\4 \ NaOH HO - -\
AcON———\ A
OAc F “0dAc OH

* Most popular '8F labeling method:

* precursor with active group (Br, I, sulphonates, triflates) and
protective groups

* aprotic solvent: acetonitrile, DMF (dimethylfomamide), DMSO,
temp.80-180°C, 5-30 min.



Application in medicine

Oncology

Principles:

* increased permeability of biological membranes of tumor cells
* increased protein synthesis

* specific reactions

C
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Beyond FDG — FDM... ..
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ISEET C

'8F Fluoroethylotyrosine ['®F] FET

0

o Butvl 1. Bu,N* 15F OH
-tert-Buty — 18 NH

] 2. H+ N 2
X0 NH-Trityl °

Uptake and metabolism is similar to amino acids and signal is proportional
to amino acid uptake and protein synthesis. Mainly used for brain tumor
imaging.



F-MISO C
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Demonstrates hypoxia in tumorand distinguishes hypoxic tissues



18F-MISO Analogs
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'8F-Miso Analogs
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SELT

'8F Fluorothymidine ['SF]FLT

i A
RN 0o
0=\~ 18F /K.222/K* 0P N
DMTIO— {10 MeCN, 80 °c M9\ _o-

Marker of cell proliferation (thymidine pathway in 52 phase cellular
mitosis)

Distinguishes decreased cellular uptake secondary to treatment.



SELT
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SELT |
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Sodium fluoride C

18F Sodium fluoride

'8F NaF is chemisorbed onto bone surface by exchanging with OH-
groups in hydroxapatite crystal of bone to form fluoroapatite.
Mechanism of uptake similar to other bone imaging agents

(Tc - 99m MDP/HDP)




'SE Summary

* Well-established use of '8F compounds

* Efficient fluorination scheme

* FDG as a work-horse

* High yields and activities

* Other fluorinated compounds are available

* Regulatory problems
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Change of biochemical properties



Target for gases

"€ Production

Production ''( :

Reaction : "N(p,)''(

~ Target: 99,6%N (0,1-5%H
Product : HCN, CH,

or

Target : N (0,)

Product : (0, O,

C

15

)



¥
% e
.

"'C Production cycle C
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& "C Synthons C
''C0, Synthons
H1CN 11c:ljtl 11CCl, E=5) 11c0Cl,
11CH 11 ﬁ
11CH,0 -0

ICH,0H ¢ - =) RiCOC

1 aiiCH Li

11CH,I R11CH,OH
1 ) s1cH.No, @
R11CH,I

11C-Methyltriflate

4



"**f Methyl iodide synthesis C

Wet method
UN@po)lc =2~ 11co, BAH 1eg of
l HI
UCH,]

lodination in THF or diethyl ether, high yield,
contaminiation with '2C0, Hl is corosive



%3% Methyl iodide synthesis C

Dry method 14

(p.o)tC —2 . Heo,

H, I N1 @ 410 °C

1 ICH4
J L, @ 720 °C

Reduction of ''CO, on Ni catalyst in 410 °C than 11O
iodination 1,in 720 °C. High yield CH,| formation. 3

No corrosive HI.



& Triflate synthesis C

RN X RE —2 . 1o,

HCHAI + CF380,0A¢ 22 ¢F,50,0!!CH,

Methyl triflate
Advantages:
* 10*-10° times more reactive than CH,|

* For unstable or unreactive substances
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" C-methionine
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C-methionine ..

Radiochemical purity

Chanhnel Mame Ret. Time | Height | Abs. Area Rel. Area
HPLC E a.07 253.88 1064.04 100.00

Reconstruction CASpnthraviewisDatah_Methionine Synthesiz 11h37min 25.04.2014_0001.rfp

285 335 Cis
Chromatogram: C:A\SynthraviewtDatah_Methionine Sunthesis_ 11h37min_25.04.2014_0001.fp



" C-methionine C

Enantiomeric purity
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"1CH,| -methylation C

* Methyl iodide or methyl triflate metylation - most popular ''C
lubeling method:

* precursor with heteroatom active group (N, 0, S) and protective
groups

* Basic, organic solvent: NaOH, EtOH.



Practical applications C

Receptor imaging (agonist/antagonist/modulator)

O 0
\N'“‘J\‘\'\ [HC]CHSOTI— ":.N ,,~'~-“~,\
) - P4 ‘.'"-"
fy \ Base |
0 F I Mey.
o cH,

[11CJWAY100635 — behavioral disorders

Cl ”CHS
[""C]CH;l or
(::,__.-— .-.‘“‘v’/ OH s
J ‘ ; .' > [''CICH,OTf _
T o N - L“"-» - St
Cl ” Y N Base
T f

OH O ~—

"Craclopride — neurodegradation, schizofrenia



Practical applications
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Receptor imaging (agonist/antagonist/modulator)

Neurotransmitter system Radioligand

Dopamine D, ["'C|SCH 23390
["'CINNC 112

Dopamine Dy ["C]ranlupri de
[""CINMSP
["'C|FLE 457

Dopamine transporter

Serotonin 5-HT 44
serotonin 5-HT a4

serotonin transporter (5-HTT)

Opiate

Meurokinin-1
GABA-benzodiazepine
Peripheral benzodiazepine

"SFfallypride
["'CImethyl-phenidate
["'CIPE2I
[M'CIWAY-100635
[M"CINMSP
["'CIMDL 100907
[M'CIMeN
"'CIDASE
[MCIMADAM
["C]l:liprenurphine
[''C carfentanil
''CIsPA-RQ
["'C)flumazenil

"'CIPK 11195




2 omv |
1.83 ml/min

C-11C02/N2= e
N

M omv v

4.08 mU/min

H2=

Reaction with Grignard compounds:

10O, + CH;MgBr —=— CH;''COOH

"C acetate- prostate cancer diagnostics



"C Flexibility — labeling position C

S COOH 11

NH, NH,
L-[S-methyl 11(]-methionine L-[11C]methionine
"C-methionine imaging:
* aminoacids transport - (L-[S-methyl 11(]-methionine)
* protein synthesis — (L-[11(Jmethionine)

* transmethylation— (L-[11(Jmethionine)
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Reaction of CO catalyzed with Pd and Se:

""C — modern organic chemistry C

11 O
RX + Y - > R Z’R
Pd(0)
"co O
RXH + R XH ——» R~X%J;\X«R'
Se

H r‘“\

. N "'CO, Pd(PPh,),. JYI\\/
@B( + U ‘ _ ;4 - @ n
THFE. 100°C. 5 min O

1-(2-phenylo-[carbonyl-11C]propanoyl)pirolidine — histamine receptors modulator



"'C — modern organic chemistry C

Stille reaction

SnBujs . "'CH;
O;N U f""/ti:';-f//‘:':7?.‘::\‘ i L((():]é f'lﬂj(li ljﬁf b[;iffﬂ F O;N “J =
NN N ZaN N AN 2 TFA - N N \ :
“__-NBoc N

[''C] MNQP - [11C]5-methyl-6-nitroquipaizine - serotonine transport

Sonogashira reaction

[MCICH;l, Pdx(dba)s,
AsPh,, TBAF,
THF, 60 °C, 3 min

£ = 11(3
MeO

17a-(3"-[11C]prop-1-yn-1-yl)-3-methoxy-3,17 #estradiol — estrogene receptors — breast cancer imaging



"'C — modern organic chemistry

Suzuki reaction

"eH,1L Pd(dppf)Cly, K4PO,,
0 DMEF, 60-120 °C, MW (50 W), .
CH;

B(OH), /@ Bey 49-92 % (d.c.) /©/
I or =
R R R

\\ Hen,l, Pd(dpph)Cly, K3PO,, \
DMF, MW, 28.5+2 % (n.d.c.)

CN CN

(HO),B "'CH;

["'CIM-MTEB

['1C] M-MTEB — glutamate receptors



"¢ Summary

* Short ''C half-life requires on-site imaging
* Well-recognized synthons - CH|
* Wide range of compounds with poorly understood function

* Clinical and preclinical trials



In place of conclusions C

Tracers of membrane proliferation - increased permeability of
biological membranes of tumor cells.

Hjs (,‘\ + “"[;___\5/
S \/\()“ NN 0n
" -choline 18F_choline

The most used compounds for prostate cancer



In place of conclusions C

Control

“ TOH

[11C]PIB (Pittshurgh Compound B) —Alzheimer
disease imaging

'8F Florbetapir '8F Florbetaben 'F Flutemetamol
Amyvid ® Neuraceq ® Vizamyl®

9 H

H H 3C”N “F-flutemetamol 18
0 G o HO s FHs
AN O o”’”‘w-’ox/"‘*o’“\j/aF \Q:N/: < 5 NH

Di000z
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Thank you for attention




