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« Radioactivity

* Radiochemistry

« Radiopharmaceuticals
Specific activity
Radioactive decay (t,,,)
Pharmakokinetics
Metabolism
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EBERHARD KARLS

F-18 Chemistry I R URNOE

A 60 min of bombardment of a water target with protons produces around 40-80
GBq of aquaeous [18F]-HF. Depending on the target, the volume is around 1-5 ml.

Rule of thumb: The maximum activity within the target is reached after 5-6 half-
lives of the radioisotope during an irridation on the target. But an irridation of one
half-life time gives 50% of the maximum activity.

lon Stripper

source Acceleration foil target nuclear
» » - > + B ——— .

N
=

H, gas

Magnetic field bends
path of charged particle.

Square wave
electric field
accelerates
charge at
each gap
crossing.
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F-18 Nucleophilic Sources g oL

['®F]fluoride ion/["*O]H,O

Kz22/ KoCO;

: : or
Common alkali metal fluorides TBAOH/TBAHCO,
Increasing ionic strength
KF/Cryptand
. N
LiF < NQF < KF < CsF ISy
EEE—— () 135
0 Op
Increasing nucleophilicity '\,N-\/)

Increasing solubility
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['8F]flucride ion/['®O]H,O

Kryptofix (K55 5)
KoCOs4

Cesium carbonate
or bicarbonate

Tetrabutylammonium
icarbonate

or bicarbonate 18+~

R os CsF
\ﬁ/R S
7

R \R

Tetraalkylammonium fluoride
F- R = methyl, ethyl, butyl

"jBF- " """:(/-\\
\ ( 13,:)

T 2 25

Thermal decomposition of TBAF
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Nucleophilic Substition (most commonly applied method)

[*8F]-HF aquired from a water
target is unreactive and
requires a laborious drying
process, to gain ,water-free’
[*8F]-KF. Potassium fluoride is
the reactive species for most
nucleophilic substitution

reactions in radiochemistry.
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T vacuum
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silicon septum

- LG
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stirer

Equipment:

- reaction vial 5 mL + silicon septum lid

- vacuum tubing

- gas tubing for He or N,

- syringe 1 mL

- gas cylinder (He or N,)

- oil bath or heating block

- heater with thermometer

- magnetic stirring bar

- QMA light cartridge

Chemicals:

- Kryptofix 2.2.2 or Cs,CO5 or NBu,"HCOO"

- K,CO5 or potassium oxalate (only when
Kryptofix 2.2.2 is used)

- acetonitrile
Rl LG: leaving group
-Cl, -Br, -I
18F/K’R3 -OMs, -OTs, -ONs
R? ~+*NMe3
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F-18 Chemistry IV
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60-90 mins

15 mins

5-15 mins
(+10-15 mins if
Deprotection)

10-15 mins

10-15 mins

|

180(p n)18F

Azeotropic drylng of
aquaeous 18F-fluorid

|

Radlolabellng of
Precursor
(+ Deprotectlon)

[p

urification via HPLC
(or SPE cartrldge)

|

Concentration
and formulation

|
1
|
|
|

Nuclear reaction under proton
bombardment in the cyclotron target

Preliminary drying process to
aquire the reactive ,naked” fluoride species

Actual radiolabeling procedure
(and possibly other chemical reaction steps)

Removal of impurities, side products and
unreacted starting material

Removal of organic solvents and
formulation of product with injectable buffers
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F-18 Chemistry VIII TURINGER

Svynthesis of FDG

(1) Precursor synthesis

AcO OA
HO—_ OH Ac,0, H* AcO— OAc HBr, Ac,0 ACO OC
HO @) »  AcO @) > C
OH AcO OAC HOAc, 0°C AcO

HO
D-M Br
TVAnnose Pg_nntqa;?rclzgst}/el- 1-Bromo-tetra-acetyl-
D-mannopyranose
AN
| EtOH, rt
“ 14 h
N
Y
AcO oTf T1,0, EtzN AcO OH HCI (1 M) ACO O%
AcO @] - AcO @] -
OAc  CHyCIy, 0°C OAcC Aceton, rt  AcO o 0O
AcO AcO AcO
c

"Mannose-triflate"
=> FDG-Precursor
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FDG cont..
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AcO OTf
AcO OAc

"Mannose-triflate"
=> FDG-Precursor

HO
HO o)
HO OH

K222, '8F-, acetonitrile

80 °C

formulated in buffer

r

1. QMA clean up
02 on -
AcO ¢ 2 NaOH

o
18F
FDG
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F-18 Chemistry VI TURINGER

0
OH Q Fﬁ\)j/
HO 0 HN Ny OoH o N
HO OH P L > 18 HO
18F HN™ N N\\;\/F 0
FDG o
(2-Fluor-desoxy-glucose) FHBG FLT
N 18
[N\>_N02 \ S ] o
X\OH 18F/\/5\/\OH o
8 OH 17/ 2
18
EMISO FEC FAZA
0
// 07\

18F

pd
o
z
/

N
O O //\
Fallypride .
yp -0 N/\LN) Flumazenil
18F H
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Flowchart GE Tracerlab Fx N Pro
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an POWYER. o -
YACILILIM
[ of pime V35
STIRRERS > ACTIVITY DISPLAT WASTE - WASTE
EXHALIST = tor 1 tor 2 | = .
[ B A IR o & Lamnp and valve W30 are always switched together,
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F-18 Chemistry X TURINGER

HPLC
180H,
separation
reactor formulation
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F-18 Chemistry XI UNIVERSITAT
Synthesis of FDG: GE Tracerlab Mx (cartridge system)
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F-18 Prosthetic Groups
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18
F
\/\OTS

fluoroethyl tosylate

N\

18 Nu
e W

fluoroethyl tosylate

18F
S ¢

N
18 NN ‘
18F/\/\N3
O.__R N
@) ONHS
\4‘( N
2N S . O N
18
F
18F
R: -H, -OH, -ONHS
18F
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11C-Chemistry | UNIVERSITAT

Carbon-11 is a synthetic isotope which does typically not occur in
nature.

Several nuclear reactions can be used to produce C, but the most
commonly used and convenient method is the application of a nitrogen
gas target “N(p,a)*'C.

Half-life: 20.3 mins
Decay mode: 99.8% by positron emission
Maximum range (in water): 4.1 mm
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Organic Chemistry with *1C

In principle, 11C is a candidate for the isotopic or non-isotopic labeling
of any organic compounds and is thus of major importance to PET.

Isotopic labeling: 1C replaces stable 12C/:3C in the molecule. The
biological fate of the molecule is virtually unchanged.

Non-isotopic labeling: a group containing *C is added o the molecule
of interest, producing a new compound with different properties to the

original.

OH
O
Ho/&\
HO 11C/OH
OH

|
H

Isotopically-labeled
"C-glucose
(substrate glucose-metabolism)

OH

O
HO

HO O—,,
OH CHs

Non-isotopically-labeled
1C-methyl-glucose
(tracer for SGLT1)
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11C-Chemistry Il UNIVERSITAT

Sequence of a 'C-radiosynthesis

Production of 1CO, Production of 11C- Radiolabeling
in the cyclotron |~ building block ~| of precursor
=>EOB
40 mins 13-15 min 5-10 min
Transfer of product Formulation Purification of
out of the hot cell |~ of product : product via HPLC
=> EQOS
2-5 min 10-15 min 10-15 min

Minimum time for 1C-radiosynthesis: ~30 min (without irradiation time)
Typical time for 1C-radiosynthesis: ~60 min (without irradiation time)

Typical 1CO, activity after irradiation: ~ 200 GBq (EOB)
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11C-Chemistry IV UNIVERSITAT

Source of isotopes for PET radiochemistry is mostly a cyclotron. A
cyclotron is a proton / deuteron accelerator, which accelerates protons
/ deuterons on a spiral trajectory.

lon Stripper

source Acceleration foil target
H, gas > H- > H- acc. > H*beam — 1“N(p,o0)C

14N2 + 02 — 11C02

Magnetic field bends [4]
path of charged particle.

Square wave
electric field
accelerates
charge at
each gap
crossing. <
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1C-Chemistry VI — Building Blocks  YRiRER"

11CH,N,
1 Ag HI CTTTITTRRY . AgOTf LLTTTTTPPPPTry ]
CHLO - HCH,OH i CH,l : ——— 1 1ICH,OTf !
350°C Sesssssssus 1 190°C  meeeeessiaeseees
LAH l,
THF 720°C
I AITTTITTY - Pt 1 o
R— 11CO, ~» { UCH, i 20, Hucn
O-MgX <RMgX 360°C e 2. H*
Zn 1. Cl, 500°C
390°C 2. FelO,, 300°C
11CO 11COCl,
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11C-Chemistry VII UNIVERSITAT

Based on the building blocks and the physical half-life time of carbon-11 the
following reaction types are available:

- N-, O- and S-Methylation reactions (either with **C-CHj,l or 1!C-CH,OTf)

OH O Hg'C.

o O
cl N 1CH4-I, NaOH, acetone Cl <, .
N > N O [O-Methyl-11C]-raclopride
OH N 5 mins, 80°C Ho N
< OH <
Cl cl

- Preparation of carboxylic acids or synthesis of acylating agents (typically 11C-
acetylchloride) with Grignard Reagents

H
o Ny N~_R
MgBr 1lco, SocCl, U
— OMgBr —> cl - NN O~
K j N” |
Y N

[11C]way-100635
5-HT,, receptor ligand

15 min
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Synthesis of 11C-CH;l

Hydrogen Flow Rate

© power
P[r_escsol:::’O;y = enane 2 amnaa \.‘\ ‘
= Helium —>< ——
e Exhaust yg - —'-".“.7
=i on/off | on/off _onfoff | _on/off |
L Mel Mel Trap Me-TF
I>in optional:
Ni/C/H, gas phase AgOTf
"co, ————> "'CH, . MCHgl —— = > ''CHa-OTf
360°C 720°C 190°C
12-13 mins
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1C-Chemistry X R

Flowchart of a 11C-radiosynthesis

TRACERIlab FX M

|
-
switches output valve “.\ == il
""""""""" i Air Press! ——
on Mel synthesizer _—
°
Methyl Todid Deliver |
Synthesizer Activity | =®
Helium Pressure
o
><
Y18
Yacuum Pu
e V19
© power =
Exhaust
Reactor ¢
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