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Nucleophilic Fluorination Reactions in Novel Reaction Media for
®F-Fluorine Labeling Method
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and Myung-Hee Sohn, MD., Ph.D.
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Noninvasive imaging of molecular and biological processes in living subjects with positron emission tomography
(PET) provides exciting opportunities to monitor metabolism and detect diseases in humans. Measuring these
processes with PET requires the preparation of specific molecular imaging probes labeled with 18F-fluorine. [n this
review we describe recent methods and novel trends for the introduction of ™F-fluorine into molecules which in
turn are intended to serve as imaging agents for PET study. Nucleophilic "F-fluorination of some halo- and
mesyloxyalkanes to the corresponding ®fluoroalkanes with “F-fluoride obtained from an 18O(p,n)mF reaction, using
novel reaction media system such as an ionic liquidor tert-alcohol, has been studied as a new method for
®E-fluorine fabeling. lonic liquid method is rapid and particularly convenient because ®-fluoride in H,0 can be
added directly to the reaction media, obviating the careful drying that is typically required for currently used
radiofluorination methods. The nonpolar protic tert-alcohol enhances the nucleophilicity of the fluoride ion
dramatically in the absence of any kind of catalyst, greatly increasing the rate of the nucleophilic fluorination and
reducing formation of byproducts compared with conventional methods using dipolar aprotic solvents. The great
efficacy of this method is a particular advantage in labeling radiopharmaceuticals with BF-fluorine for PETimaging,
and it is illustrated by the synthesis of ®F-fluoride radiolabeled molecular imaging probes, such as 18F-FDG, 18F-FLT,
18F-FP-CIT, and 18F-FMISO, in high yield and purity and in shorter times compared to conventional syntheses (Nucl
Med Mol Imaging 2009:43(2:91-99)
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Figure 1. These shows various fluoride sources stich as (A) phase-transfer-type protocols: “naked” (free) fluoride from TBAF
or MF/crown ethers and (B) hydrated fluoride in water: "inert" (isolated).

(A) Preparation of fluorination reagents for '8F labeling

TBAOH or TBAHCO; + '8F

K,CO5 / Kryptofix[2.2.2] + '8F-

—_—

—_—T

TBA'8F

K'8F/Kryptofix[2.2.2]

(B) General method of 18F labeling via nucleophilic fluorination

TBA1 BF or K18F/Krypt0f|X[222]

R._X

X = OMs, OTs, OTf, Cl, Br, |

in aprotic solvent such as CH;CN, DMF or DMSO
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Figure 2. (A) This shows The preparation of TBAYF as well as K'®F/kryptofix(2.2.2) and (B) conventional

method of nucleophlllc BF-fluorination.
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Figure 3. Nucleophilic "|F-flucrination using conventional method
affords a desirablefluoro-product with forming byproducts such
as alcohols and alkenes.
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Figure 4. This shows (A) nucleophilc "*F-flucrination in ionic liquid (omim)(OTf), (B) the structure of ionic liquids and (C)
the schematic comparison of the process generally used for "®F-flucrine labeling by nucleophilic substitution (present
route) and the new liquid-based process proposed in this report.
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Figure 5. There are four proposed reactivity- enhancing effects of a fert-alcohol medium on
nucleophilic aliphatic fluorination reactions.

Table 1. Automatic Synthesis of "*F-Fiuorine Labeled PET Radiopharmaceuticals Using tert-Alcohol Solvent System
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BuyN'F xH,0

recrystallization

{BuOH/hexane

»  Bu;N'F ({BuOH),

90 °C, 30 min

25°C

Figure 6. This shows the preparation of TBAF(BUOH)a.

Figure 7. These are x-ray crystal structure and 3D structure calculated by MM2

method of TBAF(+BUOH)s.

RO™TTF

o MF = TBAF(t-BuOH),
4 MF = TBAF

Yield (%)
Z
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Ld ¥ L L
0 20 40 60 80 100 120
time(min)
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Temp.: 2
Hamidity: 56%
2 Amount; 230 my
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Figure 8. This shows the reactivity of TBAF(+BuOH)s and TBAF in a nucleophilic fluorination
reqaction and the hygroscopicity of TBAF(#-BUCH)s and commercially available TBAF.
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Table 2. Nucleophilic Fluorinations Using TBAF( -BuOH ).
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PMethod A: reactions were carried out on a 1.0 mmol scale of substrate with 2.0 equiv of TBAF(#BUOH), at 70T for 1 hin 40 mL
of CHiCN, B: the reactions was carried out using 0.2 mmol scale of the substrate with 2.0 equiv of TBAFqn generated in situ in CDCN
at 25, C: TBAF was used.; D: TBAF(#BuCH)4 in #-BUOH.
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