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synthesis

Typical workflow of radiopharmaceuticals production
il - Radiochemical .

Radionuclide
production
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Time Required?
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Equipment for the Production of PET radionuclide

Targets for production of F-18, C-11 and N-13
(with possibility of additional embedding of solid targets)

Isotope Half-life Production® Mode of decay Common source
18F 109.8 min  "®O(p,n)"F B (97%), EC (3%) Cyclotron
"C 20.4min  “N(p,a)"C B* (100%) Cyclotron
BN 10 min "0(p,a)"”N B* (100%) Cyclotron
o) 2 min BN(p,n)*O B (100%) Cyclotron
124 42 d “Te(p,n)* B (23%), EC (77%) Cyclotron
Hgp 4.0h MTif*“s5e B' (94%), EC (6%) Generator”
840y 12.7h &Ni(p,n)f4Cu  B* (17%), EC (44%), Cyclotron®
B (39%)

5EGa 67.7min  "¥Ge/**Ga B (89%), EC (11%) Generator?
ERb 1.3 min 251 /2Rb B* (95%), EC (5%) Generator
By 14.7h Sr(p,n)*Y B’ (32%), EC (68%) Cyclotron
Loy 78.4h Y(p,n)**Zr B’ (23%), EC (77%) Cyclotron
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F-18: physical and nuclear characteristics
Low positron energy and short range in tissue (high
resolution)
97% B+ decay
high specific activity
can be produced in large amount in a cyclotron (>10 Ci)
can be labeled in high radiochemical yields
allow transportation from production site to PET centers
(T1,=109.7 min)

Cyclotron - 16,5 MeV GE PET Trace




Radiochemistry Requirements
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Radiochemistry Requirements
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Fluorine-18 chemistry

’ONe(d,a)18F _ | _ | 80(p,n)18F
A solid target is bombarded and fluorine-18 srogﬁsﬁgﬁ.’én:gsgion Non- Stg.?sﬁ:gxgmg?émﬂon A liquid target is bombarded - enriched water with 180,
is obtained in the form of molecular fluorine gas and fluorine-18 is obtained in the form of fluoride anion
s <
[FIF, [19F]F-
Electrophilic substitution Nucleophilic substitution
(Electrophilic radiofluorination) ([18F|fluoride] ~ M. [procursor] ~ MM (Nucleophilic radiofluorination - Sy 2 or SyAr)

The utilization of nucleophilic [18F]F~ions in the F-18 radiopharmaceutical synthesis process has many

advantages over fluorine gas [*®F]F,

[*8F]F, in gas form - possibility of contamination [18F]F~ in liquid form - less chance of contamination
Molar activity typically in the range of High molar activity in the range of
100-500 MBg/umol 500-5000 GBg/umol
Radiochemical yield (RCY) up to 50% due to the Radiochemical yield (RCY) up to 90% as a result of
presence of a non-radioactive atom [1°F] direct binding to precursor molecules
Highly reactive fluorine-18 gas Less reactive nature of fluorine-18

Several automated synthesis modules (GMP) Numerous automated synthesis modules (GMP)




[18F]-radiopharmaceuticals synthesis
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Typical processing for
preparation on [8F]F~ ions

Role of K,CO,?

| Base NN PKb | \\\QX —>R-F

Elution

Waste H,80 water
ciollectlonj vial

A

K,COs S 3.8
KHCO, Fg 7.6
K* oxalate Q 10
H,O © 14
o
=
Q
Q
©
e
[T
= Azeotropic
Kz22 5 KyCO3; ACN distillation
H,O; AcN

Phase Transfer Catalysis
(K2,2,2 or tetrabutylammonium carbonate)
and azeotropic distillation in
Radiochemistry?
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g t]E\\ Organic phase ﬂ LL

°F K+[18F]F'
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4  Fluorination

Protecting
group

Mannose triflate
Precursor for [18F]FDG

N .
/Q \ Leaving group

Anhydrous condition
Aprotic polar solvent

Anhydrous condition

Aprotic polar solvent

1H-imidazole-1-propanol, 2-nitro-B-[(tetrahydro-2H-
pyran-2-yl)oxy]-, 4-methylbenzenesulfonate (ester)

Precursor for [18F]IFMISO

AcO
SN2
nucle(_)phlllc O. OAc
substitution y
> OAc ¥/
3min,85°C =
’ OAc BF -
/\/\/
[18F] fluorinated intermediate
SN2 '}l \
nucleophilic O.N
substitution 2 N My
' A8F <
10 min, 120 ° C lFﬂ

o

[18F] fluorinated intermediate



~ 5 _Removing protective groups

[18F] fluorinated intermediate

)

VA

O :
<:;.:§ Hydrolysis

[18F] fluorinated intermediate

O,N

OAc NaOH
-é Hydrolysis

HO—

OH
HO -,
1 s}:

[18F]Fluorodeoxyglucose
([*°*F]FDG)

NO,
)\ 2
N7 N/\(\l Sp
\—/ OH

[18F]Fluoromisonidazole
([*8F]FMISO)

+

ro Deoxy Mannose
Koo Kret.c

idazole, 1-chloro-3-(2-nitro-

ropan-2-ol, K, ,, ; K" e.t.c



Ay % TP g Purification and final formulation
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[ Normal ] [ Reverse] (Cation ] [ Anion ]
4 Analytes with Y4 Analytes with ) ( Analytes mal\ -(Anahnesthat\
low to high moderate to are charged (+) are charged (-)
polarity/neutral low polarity or ionizable or ionizable
based on based on based on based on
polarity hydrophobicity charge charge
= Non-polar = Agueous * Agqueous » Aqueous
sample matrix sample matrix sample matrix sample matrix
* Leastpolar = Most polar :::r:::‘ N :llr‘:r:o; 1OC;
compounds compounds g
elute first elute first = Weakly ionized || = Weakly ionized
compounds compounds
elute first elute first
- & P & A 7/

Combines the
properties of
adsorption and
hydrogen bonding

or ion-exchange
in one cartridge.
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R & D Spending and New ¥F-radiopharmaceuticals Development

First step

Sequences

IFP valve 1
IFP valve 2
IFP valve 3
IFP valve 4
IFP valve 5
IFP valve 6
qFPvalve 7
IFP valve 8
€valve 13
Valve 15
Valve 16
Valve 17
Valve 18
Valve 19
Valve 20
Pump
Oven
Oven cooling
IFP pressure

Sequence Overview - Synthera_1_140219_F-MISO.sqc [Modified] Event 221 Temperature General information

- - Run
The CapaCIty Of the Cassette (I-e- the 214 -SetIFP pressureto 0 kPa  ## EtOH in WATER 2 ## - Conamng ‘I:'r.lg.g'er
. 215-Tumvalve 15to Offandwait20 s ## EtOH in WATER 2 ## Signal Module Nr 1 (Synthera
number of reagents and consumables it 216-Tum FPvalve 0O # EIOH in WATER 2 4
218-Tumn pu‘ranOfr Time [s] 0 S IFP name __No IFP available v

can hold) is an important consideration 219-TumIFPae 71000 #4 TRANGFER 2% T Crosor A Enghosr Dt

220 - Turn valve 16 to On and wait 180 s ## TRANSFER 2 ##
221-Send a beep system  ## confirm end of F-MISO transfer ## 500 a

Wh en d ecC | d | n g h ow to best automate a 222-Send abeep system  ## confirm end of F-MISO transfer ## Time e} * Do croated 092582014

223 - Wait for green button and wait 1 s ## confirm end of F-MISO transfer ##
radiosynthesis 224 -Tumn IFP valve 810 Off  ## RESET ##

. 225-Tumn IFPvalve 7to Off  ## RESET ##
226-Turn IFP valve 6to Off  ## RESET ##
227-Tum IFPvalve 5to Off  ## RESET ##
228 -Turn IFP valve 4to Off  ## RESET ##
229-Tumn IFPvalve 3to Off  ## RESET ##
230-Tumn IFPvalve 210 Off  ## RESET ## Modify New Modify
231-Tum IFPvalve 110 Off  ## RESET ##
232-Turnvalve 16to Off  ## RESET ##
233-Turnvalve 15t0 Off  ## END OF SYNTHESIS ##

Return

Developing a new and efficient = © 0O 0O 0 0

automated radiosynthesis method takes
time and therefore, planning is key!

Load

Molecule F-MISO

Description confirm end of F-MISO Date modified  4/5/2021

Comment Updated for SP2.1 a

« [m

Delete Insert New sequence Save




R & D Spending and New 18F-radiopharmaceuticals Development

[1°F]F- chemistry practices — for analysis of the reaction mixture at different steps of synthesis (before/after fluorination
reaction, unhydrolyzed/hydrolyzed intermediate mixture, unpurified product mixture)

mAL *1000 E VIWD: Signal B, 320 n
1
2,001
G-GD I I_-I I ) ] I L] L) I ) I I I L) I I
00°00 0500 1000 1500 20'00 25100 i
Before fluorination, after transferring the precursor (at first min)
mAU *1000 VWD Signal B, 320 nm
1.001 _§___
0.501

At the end of fluorination (after 10 min, post labeled unhydrolyzed
intermediate reaction mixture)

00'00 0500

miin

2000

" 1000 " 1500 " 2500

maU *1000 s VWD Signal B, 320 nm
! B
1.004 2 =
i ﬁ
G-m I 1 1 L] ] ] 1 [ 1 I ] | 1 1 L] 1 1
g (1500 10'00 1500 2000 2500 min
Five min after starting the fluorination
5007 mau ¥ VWD Signal A, 320 nm
400 . “
300 =
2001 ‘
v
1001 Z g
F
o —_ A
00'00 | 0500 " 10'00 " 1500 " 20000 | 25%00 ‘nhiin

After drying of the acetonitrile (before hydrolysis)



R & D Spending and New 18F- radiopharmaceuticals Development

VWD: Signal B, 320 nm
100
&5
50 t~
x® -
4 "
_/""-\-_.L
0. I I ] ] 1 I ] -l ] I 1 ] ¥ 1 || ] L] I ] 1 1 ] | | | | ¥ 1 ] 1
0000 0500 1000 1500 20'00 25'00 min
At the end of hydrolysis (hydrolyzed and unpurified mixture) 200dmau VWD: Signal A, 320 nm
6
=
100-
3 |8
g
i
. . . ﬂ. 1 1 I ] | *-r 1 1 1 1 I I I I 1 1 1 I I | | 1 I 1 I I | |
Final purified product solution 00700 05'00 10°00 15900 20000 2500 min

20]mau % VWO: Signal B, 320 nm
?

10

0000 L2500 min

Waste wash out elution sample



+ SYNTHESES CELL '

Strong cation exchange

'~ (SCX) SPE cartridge

| S Reversed phase SPE

: _@_ _ @_ . i . cartridge

Sy fi = QMA Carbonate Plus

: ‘ -k Light Cartridge

: . +— Reaction vial

£l 1ElE. T e 3

: Lre T ® ' DISPENSING |

: Collection ' CELL :

@ vial ¥ '

; ' ALUB

: Syntheses ‘o v 5

: | module . | ¥ W :
: WASTE CELL L final :
: A | ; : 0.22 pm filter:
: * 0.22 pm filter / ; : ;
Waste ‘ | ; ;
: "@‘@” vial A . Recovery ! : :
: water : ;
: & % vial : ; [‘8F]FMISO :
; —— Gas Waste Bag :
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Multidisciplinary teams of cyclotron engineers, chemists - radiochemists, quality control specialist,
guality assurance specialists, pharmacists, PET technologists, medical physicists, nuclear medicine
specialist and radiology specialist




