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Trifluoromethylation of alkyl
electrophiles with "'C- or

Bp Jabeled fluoroform for
PET applications
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Continued development of positron emission tomography
(PET) tracers is essential for advancing molecular imaging in
biomedical research and clinical diagnostics. A long-standing
limitation in radiochemistry for PET imaging has been the lack
of general methods for radiolabeling trifluoromethyl (CF3)
groups at C(sp°) sites, despite their growing prevalence in
bioactive molecules and radiopharmaceuticals. Here, we
present a general approach for late-stage installation of either a
[8F]1CF3 or [!C]CF3 group at a C(sp®) site. This method
leverages unusual copper-mediated radiotrifluoromethylation
of alkyl halides and alkyl carboxylic acids by halogen atom
transfer and photoredox catalysis, respectively. More than

50 complex molecules and pharmaceutical agents were
efficiently labeled with fluorine-18 (*8F) or carbon-11 (*'C). Two
long-sought-after radioligands, [*®F]SL25.1188 and [*#F]PS13,
were synthesized, providing longer-lived *®F analogs of their *C
counterparts with great promise for human PET imaging.

Positron emission tomography (PET) with a broad range of tracers has
become an indispensable tool in modern medical diagnosis and re-
search (7-4). This molecular imaging technique has burgeoning im-
portance for biomedical research, drug development, disease diagnosis,
and therapy monitoring. The development of PET imaging relies heavily
on the continuous innovation of new tracers to expand the range of
biochemical measurements. These tracers are typically organic mol-
ecules labeled with positron-emitting radionuclides (5, 6). Among these,
carbon-11 (!!C) and fluorine-18 ('®F) are the most widely used owing to
their ease of cyclotron production, suitable half-lives ('C ty/2 = 20.4 min;
18F 11/ = 109.8 min), and capacity for covalent incorporation into tracer
molecules. Despite advances in carbon-11 chemistry (5-9) and fluorine-
18 chemistry (10-20), PET tracer development and regular production
(21) are mainly confined to two labeling strategies: 11C—methyla.tion of
O- or N-based nucleophiles (22) and nucleophilic '*F-fluorination of
alkyl and aryl electrophiles. Consequently, many molecular structures
have remained challenging to radiolabel and transform into PET tracers,
hindering the full potential of this technology.

A critical challenge in PET tracer development is the lack of a uni-
versally applicable method for introducing radiolabeled trifluoromethyl
(CF3) groups at unactivated C(sp"’) sites (Fig. 1A). The desire to install
CF; groups in radiopharmaceuticals stems from the growing prevalence
of alkyl-CF3; moieties in bioactive molecules (23) and their impact on
drug metabolism, stability, and lipophilicity (24-26). Moreover, owing to
the higher bond dissociation energy (BDE) of C-F bonds in CF3 groups
(BDE = ~128 kcal/mol) than in CHyF groups (BDE = ~110 kcal/mol),
alkyl-[**F]CF; molecules could potentially serve as superior analogs of
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the corresponding alkyl-'®F PET probes, many of which suffer from
metabolic defluorination (27, 28). Finally, the ability to install either a
carbon-11 or fluorine-18 label in the same compound offers an expanded
opportunity for investigating new PET tracers: The short half-life of
carbon-11 enables multiple tracer scans on the same subject in a single
day and thus rapid local clinical studies, whereas the longer half-life
of fluorine-18 allows the distribution of tracers from a central cyclotron
facility. Thus, accessing both "C- and '®F-labeled molecules with com-
plementary imaging utilities from a single precursor through a unified
strategy represents a useful avenue for PET tracer development.

The integration of radiolabeled C(sps)—CFg groups into organic
structures remains a synthetic hurdle. Although aromatic radiotrifluo-
romethylation reactions have been reported (29), methods for incor-
porating radiolabeled CF; groups at C(sp®) centers are rare and largely
limited to specific chemical structures (30-32). Existing strategies, such
as nucleophilic substitution of difluoromethylene precursors (RCF,X)
with [®®F1fluoride or the nucleophilic addition to geminal difluorovinyl
complexes (RCH=CF,) (33-39), suffer from limited scope, suboptimal
radiochemical yields, and difficulties in precursor synthesis (40).
Additionally, the fluoride-rebound approach developed by Toste et al.
for C(sp®)-[**F]CF; bond formation, although mechanistically intrigu-
ing, is hindered by low molar activity (4,,) and the intricate nature of
multistep organometallic synthesis, restricting its broader applicabil-
ity in PET tracer development (4I). Consequently, the absence of an
efficient and versatile method for radiolabeling C(sp*)-CF3 groups
restricts the scope for developing new PET tracers (Fig. 1B). For ex-
ample, two CF3-containing radioligands, ['C1SL25.1188 (42) and
['C]PS13 (43), have shown high performance as PET imaging agents
targeting monoamine oxidase and cyclooxygenase-1, respectively. How-
ever, the inability to efficiently radiolabel their CF3 groups has im-
peded the synthesis of their highly desirable 18F—a.nalogs, which would
offer much broader clinical applications because of the longer half-life
of fluorine-18 than that of carbon-11.

Our group (44) and others (45, 46) have recently shown that transi-
tion metals can catalyze the efficient transfer of fluoroalkyl groups to
C(sp®) sites via alkyl radical intermediates. We recently questioned
whether this strategy could be translated to radiolabeling reactions,
thereby enabling the coupling of alkyl electrophiles with radiolabeled
CF3 nucleophiles to establish a general approach for synthesizing CFs-
based radiopharmaceuticals (Fig. 1C). However, we realized that several
key challenges could accompany this strategy. First, trifluoromethyl-
ation of alkyl electrophiles with nucleophilic CF5; sources remains
underdeveloped (47), necessitating the discovery of new pathways for
CF; transfer. Second, given the short half-lives of fluorine-18 and car-
bon-11, the coupling reactions must proceed rapidly and be compatible
with CF3 sources that can be efficiently radiolabeled. Finally, because
radiolabeling is typically performed in the final stage of synthesis, the
coupling reactions must tolerate a broad range of sensitive functional
groups. Here, we addressed all these challenges by developing two
copper-mediated CF; transfer pathways: trifluoromethylation of alkyl
iodides via halogen atom abstraction and photoredox-enabled decar-
boxylative trifluoromethylation of carboxylic acids. Both transforma-
tions have been successfully translated into radiotrifluoromethylation
reactions using readily radiolabeled fluoroform as CF5 sources, en-
abling the synthesis of a broad range of aliphatic [HC]CFg and [®F]
CF3 products. Moreover, this strategy has facilitated the efficient syn-
thesis of a group of hitherto inaccessible PET tracer molecules target-
ing important biological markers (Fig. 1D).

Trifluoromethylation of alkyl iodides via aryl-radical-enabled
iodine atom abstraction

We first aimed to develop a late-stage 'C- and ®F-trifluoromethylation
of easily accessible alkyl halides. Although a few methods have been re-
ported for converting alkyl halides into their alkyl-CF5; counterparts, these
methods require either the use of electrophilic trifluoromethylation
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Fig. 1. Development of general approaches to :C- and 18F-trifluoromethylation of alkyl electrophiles. (A) PET tracer development has been constrained by limited sets of
labeling methods. (B) Advancement of PET imaging has been impacted by the lack of aliphatic radiotrifluoromethylation strategies. (C) Proposed general approach for transition
metal-mediated 1C- and *®F-trifluoromethylation of alkyl electrophiles. (D) A generally applicable Cu-mediated *F- and "'C-trifluoromethylation of alkyl iodide and alkyl
carboxylic acid for the efficient synthesis of PET tracers. Ar, aryl; Et, ethyl; Me, methyl; R, substituent group.

reagents or high-valent copper reagents, which are not amenable to
radiotrifluoromethylation (45, 47, 48). Recent endeavors, both from
our research group (49, 50) and others (51, 52), have demonstrated
aryl-radical-enabled iodine abstraction as a powerful platform to
engage unactivated alkyl iodides in Cu-catalyzed cross-coupling reac-
tions. These established protocols harness the marked reactivity ex-
hibited by arenediazonium salts toward copper(I) species, coupled
with swift iodine abstraction from alkyl iodides by aryl radicals. Given
that these transformations take place under mild conditions and can
be accomplished within 20 min, we aimed to establish a general meth-
odology for the Cu-mediated radiotrifluoromethylation of alkyl iodides
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via aryl-radical-enabled iodine abstraction. It is worth noting that the
hazards associated with diazonium salts are mitigated in radiochem-
istry because of the very small quantities required.

The feasibility of this CF; transfer protocol was first demonstrated
through the development of a Cu-catalyzed, aryl-radical-enabled, trifluoro-
methylation of alkyl iodides (Fig. 2A). Thus, the use of a zinc-based
CF3 reagent, (Phen)Zn(CF3),, where Phen is 1,10-phenanthroline,
allowed for catalytic conversion of alkyl iodide 1 into the desired
product 2 in 71% yield. A sterically hindered diazonium salt
(MesN,BF,, where Mes is mesityl) was used to minimize the side reac-
tions on the aryl radical. Control experiments confirmed that no desired
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A Aryl-radical-enabled catalytic trifluoromethylation of alkyl iodides
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Fig. 2. C-Trifluoromethylation of alkyl iodides. (A) Development of a catalytic alkyl iodide trifluoromethylation reaction (see fig. S171 for additional substrates). Isolated yields are
reported. (B) Stoichiometric experiments with fluoroform-derived CuCFs. Yield was determined by BF nuclear magnetic resonance. (C) Proposed mechanism for the trifluoromethylation
reaction. (D) Scope of 1C-trifluoromethylation of alky! iodides. Radiochemical yields are based on the collection of the corresponding product radiochromatogram peaks from the
analytical HPLC and are reported as decay-corrected isolated yields from starting activity at the end of ['C]fluoroform production. DMSO, dimethyl sulfoxide; Ph, phenyl.

products were formed in the absence of either the copper(I) catalyst
or diazonium salt. Notably, the reaction was complete within 20 min upon
the addition of the diazonium salt, meeting the requirement for the
translation to radiolabeling. The generality of this aryl-radical-enabled
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catalytic approach was demonstrated by the late-stage trifluorometh-
ylation of an array of pharmacologically relevant molecules, including
derivatives of ospemifene (3) and indomethacin (4:) (see fig. S171 for
additional substrates).
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More importantly, fluoroform, which can be labeled with either
carbon-11 (53) or fluorine-18 (54, 55), can also serve as the CF3 source
for this trifluoromethylation pathway (Fig. 2B). Stoichiometric experi-
ments using one equivalent of fluoroform-derived CUI—CFg with an
alkyl iodide 5 revealed that the CF3 groups could be efficiently trans-
ferred to aliphatic sites via the diazonium-promoted pathway. These
results are consistent with the single-electron transfer from CuI—CFg
species to the diazonium salt, resulting in the formation of a [CuH—CFg]
intermediate and an aryl radical (Fig. 2C). The latter expeditiously
abstracts an iodine atom from an alkyl iodide substrate, generating
an open-shell alkyl radical intermediate. This transient species then
readily engages with the [CuH—CFg] species, forming trifluoromethyl-
ated product, likely through the reductive elimination from a Ccu™
intermediate (50, 56).

¢ Trifluoromethylation of alkyl iodides
Having established the viability of the aryl-radical-enabled CF; trans-
fer, we next sought to translate this approach to "'C-trifluoromethylation.
[“'C]Fluoroform is readily obtainable from cyclotron-produced MClmeth-
ane by passage over heated cobalt(III) fluoride (53). Treatment of ['C]
fluoroform with CuBr and potassium tert-butoxide (KO'Bu) in N,N-dimethyl-
formamide (DMF) generates the reactive [MCICuCF; species (563). The
key challenge associated with the translation is the short half-life of
carbon-11, which necessitates a rapid reaction between the alkyl iodide,
diazonium salt, and [“C]CuCFg. To our satisfaction, under aryl-radical-
enabled conditions, [''C]CF; groups were efficiently transferred from
the copper center into alkyl iodides (Fig. 3A). The labeling was per-
formed by simply adding a solution of diazonium salt and alkyl iodide
to a solution of ["'C]fluoroform-derived ['C]CuCF; in DMF. Conducting
the experiment with 0.2 to 0.4 gigabecquerel (GBq) of ['C]fluoroform
for 10 min at 50°C with precursor alkyl iodide 1 followed by high-
performance liquid chromatography (HPLC) purification afforded the
labeled compound [*'C]2 after 25 min in 47% (n = 3 replicates) yield.
The generality of this 'C-trifluoromethylation reaction was then
investigated. Secondary alkyl iodides at cyclic or acyclic positions,
along with primary alkyl iodides, were efficiently labeled, affording
['C17-[MCI11 in 13 to 46% yields. This method was further applied to
alkyl iodides derived from medicinally relevant molecules. Sensitive
functional groups such as the alkyl chloride in ospemifene [HC]3, the
lactone in mycophenolic acid ['C]12, and tertiary amines in nadifloxa-
cin ['C]13 and chlorambucil ['C]14 did not interfere with labeling.
A variety of heterocycles are compatible with this protocol, including
oxazole in oxaprozin [HC]15, indole in indomethacin [HC]4~, and
tadalafil ["'C]16, as well as pyridine and tetrazole in tedizolid ["'C]17
(44 to 54% yields). Notably, the compatibility with multiple unpro-
tected hydroxyl groups in dapagliflozin (["'C]18, 27% yield), which are
typically problematic for BF_fluorination reactions, further highlights
the mild and versatile nature of this protocol.

1B Trifluoromethylation of alkyl iodides

Next, we aimed to apply this aryl-radical-enabled strategy to the 18R
trifluoromethylation reaction. ['*F]Fluoroform was readily synthesized
from [*®FIfluoromethane with minimal molar activity dilution (54) or from
the reaction of difluoroiodomethane with [**Flfluoride (565). The result-
ing [*®FIfluoroform was then converted into ['*F]CuCF; with CuBr
and KO'Bu. To our satisfaction, under conditions nearly identical to those
for C-trifluoromethylation, alkyl iodide 1 reacted efficiently with ['°F]
fluoroform-derived [18F]CuCF3, affording the 18F-triﬂuoromethylated
product [®F12 in 47% yield (Fig. 3A), a yield almost identical to that for
["'C]2. We then explored the substrate scope of this '®F-trifluoromethylation
reaction. A variety of alkyl iodides that were amenable to the "'C-
trifluoromethylation protocol underwent efficient ISF-triﬂuoromethylation,
yielding labeled products (["®*F13, ['*F14, ['®F]11, and ['*F]12) in com-
parable yields (44 to 50%). Additional heterocycles, including thio-
phene ([**F119) and 4-quinolone ([®F]20), were compatible with this
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protocol (65 and 18% yield). An alkyl iodide bearing an alkyl bromide
group was selectively labeled without affecting the alkyl bromide
group (['®F121, 39%). In addition, an a-iodoester was also converted into
the corresponding radiolabeled product ['*F]22 in useful yield (23%).

Moreover, we applied this protocol to label CF3 analogs of established
pharmaceutical molecules (Fig. 3B). The [ISF]CFS analogs of STS-135
and 0-1269 (["®F]23 and ['®F]24), both of which are established can-
nabinoid receptor (CBR) agonists, were readily synthesized from their
alkyl iodide precursors in moderate yields (17 and 40% yield, respec-
tively). Additionally, the CF5; counterpart of a highly selective CBR ligand
derived from 2-hydroxyquinoline ['®F]25 was successfully synthesized
(57). This strategy was also extended to the radiosynthesis of a CF3
counterpart of a tumor imaging agent, ['®F]26, an analog of the clini-
cally used [18F]2-ﬂuoroethyl-L-tyrosine (FET). Given the expected en-
hancement in metabolic stability conferred by CF; groups, ['°F]26
holds the potential for PET imaging applications.

The synthetic utility of this protocol has been further demonstrated
by labeling CF3-containing drug candidates (Fig. 3C). BAY 59-3074, a
CF3-containing CBR partial agonist developed by Bayer AG, was effi-
ciently labeled with fluorine-18 at the CF; group, yielding ['*F]27 in
51% yield. Notably, a previous approach for labeling this molecule with
fluorine-18 involved sophisticated organometallic synthesis and resulted
in considerably lower yield (41I). Furthermore, we sought to radiolabel
TAMA-6, a selective inhibitor of sodium potassium chloride cotrans-
porter 1 (NKCC1) for treating autism and epilepsy (568). Gratifyingly,
TAMA-6 was efficiently radiolabeled with fluorine-18, either as its
methyl ester analog (['*F128, 75% yield) or in its free carboxylic acid
form ([**F129, 32% yield).

Finally, this protocol has been successfully applied to the synthesis
of a long-sought-after monoamine oxidase B (MAO-B) radioligand,
[**F1SL25.1188 (Fig. 3D). Its carbon-11 counterpart, ['C]SL25.1188,
labeled with carbon-11 at the carbonyl position, is known to be an
excellent PET tracer for imaging MAO-B in the human brain (59, 60).
Despite the presence of a CF3 group in this molecule, all previous ef-
forts to label with fluorine-18 have failed owing to the lack of a viable
8p-trifluoromethylation strategy, whereas the simple '®F-labeled
monofluoro analog suffers from undesirable in vivo radiodefluorina-
tion (61, 62). To our satisfaction, the CF; group of SL25.1188 can be
efficiently radiolabeled with fluorine-18 from its alkyl iodide precursor,
affording ['®F130 in 55% yield (115 MBq isolated). These examples
further highlight the potential of this method to overcome long-
standing challenges in PET tracer development.

Decarboxylative '1C- and *®F-trifluoromethylation of alkyl
carboxylic acids

Having demonstrated that copper could mediate radiotrifluorometh-
ylation of alkyl radicals generated in situ, we sought to extend this
radiotrifluoromethylation pathway to other alkyl radical precursors
beyond alkyl iodides. Early studies from our group revealed that N-
hydroxyphthalimide (NHP) esters, derived from alkyl carboxylic acids,
could undergo efficient decarboxylative difluoromethylation reactions
(44). These prior results prompted us to explore a decarboxylative
radiotrifluoromethylation strategy under Cu-mediated conditions.
Initially, treating NHP esters with fluoroform-derived Cu-CF; did not
yield desired products. Interestingly, the decarboxylative trifluoro-
methylation reactions proceeded smoothly under blue-light irradiation
using a ruthenium photocatalyst, Ru(bpy)s;Cly-6H,0, where bpy is
2,2'-bipyridine (Fig. 4A). NHP esters derived from both primary and
secondary carboxylic acids could be converted into the desired prod-
ucts (31 and 32; see fig. S142 for additional substrates). Mechanistically,
we reason that the oxidation of CuI—CF3 by the excited state of the
photocatalyst generates a [Cu-CF;] intermediate. Concurrently, the
NHP ester undergoes single-electron reduction by the reduced state
of the photocatalyst, forming an alkyl radical intermediate, which
couples with [CuH—CFg] to deliver the trifluoromethylated product.
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18F.Trifluoromethylation of alkyl iodides
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Fig. 3. Scope of mF-trifluoromethylation of alkyl iodides. (A) Development of [18F]—trifluoromethylation of alkyl iodides. (B) Synthesis of [18F]CF3 analogs of bioactive molecules.
(C) Radiolabeling of CF3-containing pharmaceuticals. (D) Radiosynthesis of an MAO-B radioligand. Radiochemical yields are based on the collection of the corresponding product
radiochromatogram peaks from the analytical HPLC and are reported as decay-corrected isolated yields from starting activity at the end of [®F]fluoroform production. Individual results
are reported for n = 2 replicates, and means + SD are reported for n > 3 replicates. Molar activity corrected at the end of radionuclide production is shown. Boc, tert-butyloxycarbonyl.

Notably, this transformation was complete within a short time (< 2 hours),
making it suitable for translation to radiolabeling reactions.
Encouraged by this photoredox-catalyzed decarboxylative trifluoro-
methylation, we turned our attention to radiolabeling with carbon-11 and
fluorine-18. Gratifyingly, using either [*:C]fluoroform or [**Flfluoroform
as the CF3 source, the NHP ester 33 underwent efficient decarboxylative
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1¢- and ®F-trifluoromethylation under Cu-mediated photoredox con-
ditions, affording [''C]131 and [*®F131 in 39 and 67% yield, respec-
tively, within 10 min (Fig. 4B). We then explored the substrate scope
of this decarboxylative radiotrifluoromethylation reaction. A group
of NHP esters derived from primary and secondary carboxylic acids
underwent efficient decarboxylative 'C- and ®F-trifluoromethylation:

1282

920z ‘80 Afenuer uo A1sieAIUN BTRIS PUe 81N11ISU | 21UYdeIA|od eiulbii A Te 610°90us 15" MmMy/:SANY WOJ) pepeojumoq



Photoredox-catalyzed decarboxylative trifluoromethylation

RESEARCH ARTICLES

~ Ru'l(bpy)s?*
A CF, > ofe v\
J O
o) HCF, N_ _N . .- ~_. _COOA* -

~ Ru(bpy)aclg 6H,0 | Y 31 from 2° acid . Pl
2 (o) (2 mol%) _N 37% yield L .
' Cu'-CF,4 - & “v

~e- DMF, r.t., 120 min CFs
7 ) Ru'(bpy)s* *Ru(bpy)s*

NHP esters (X =H, or Cl)  fluoroform-derived ’ 32 from 1° acid

from carboxylic acid Cu—CF3 H 62% yield
Decarboxylative 1'C— and '8F—trifluoromethylation
B N o o CuBr (2 pumol)
W J \>_”C>_< KOy (6 ymol ) C(
<_N SN o~ Et;N-3HF (2 umol) NYN
or H—CF,'"F /\Cu Ru(bpy)sCly-6H,0 (0.5 ymol) &N

DMF, r.t., 10 min, N
["c]fluoroform 2

or ['®F]fluoroform

11CF,
A
N
H

[''C]32 64 + 4% (n=3)

NHP ester 33 (25 pymol)
from carboxylic acid

Boc—N<><>—"CF3

[''C]34 44 + 6% (n=3)

Boc—N<><>—CF2“‘F

['8F]34 65%, 72% [''C)35 53 + 8%

with [C]fluoroform
: [1'CI31 39 +3%

o
BzHN 11CF,
T1CF,
Ph

Cu-CFs EypM=+0.77V
XCu"-CF5

CF, CF,'®F

™

with ['8FIfluoroform
['8F131 56%, 77%

(n=3) [''C]36 67 = 10% (n=3)

Ph
11 cl N o_ CR,'®F
NHBoc NHBoc /Z\T al N O~ CFs | XN 2
1CF, CF,'°F Ph )\/\“CF3 | 7
0 al ) c cl
['C]37 64 = 4% (n = 3) ['8F137 69%, 73% ['C]38 59 = 6% (n = 3) [''C]39 65 = 8% (n = 3) ['8F]39 33%, 45%
CF,'8F

[18F]4o 71%, 83%

[1C]40 88 + 4% (n = 3)

L TICF,

[''C]43 from indomethacin
17 +3% (n=23)

saeh

[18F141 43 £ 4% (n=3)

OMe

1CF, CF,'8F

OH OH

O
O
['C]44 from mycophenolic acid
84 +5% (n=23)

['8F]44 from mycophenolic acid
79%, 83%

Ph—NH

O
F>< CF,"®F
3 [¢]

['8F142 65 + 4% (n = 3)
Me  Me

(¢) o

/\)\)\/CF21BF
/ N

/ [

['8F145 from lipitor 39%, 56%

F

Synthesis of COX-1 radioligands via decarboxylative radiotrifluoromethylation
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Fig. 4. Decarboxylative *'C- and 18F-trifluoromethylation of alkyl carboxylic acids. (A) Development of a photoredox-catalyzed decarboxylative trifluoromethylation

reaction. (B) Scope of 1C- and '®F-decarboxylative trifluoromethylation. (C) Radiosynthesis of COX-1 radioligands, ['C]PS13 and

[*®F]PS13. Radiochemical yields are based on

the collection of the corresponding product radiochromatogram peaks from the analytical HPLC and are reported as decay-corrected isolated yields from starting activity at the
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end of [HC]ﬂuoroform or [IBF]quoroform production. Individual results are reported for n = 2 replicates, and means + SD are reported for n > 3 replicates. Molar activity (Am)
corrected at end of radionuclide production. Bz, benzoyl; E1/», reduction potential versus saturated calomel electrode; Phth, phthaloyl; r.t., room temperature.
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["'c132, ["C1/[**F134, ['C135, ['C136, ["'CI/[°F137, and ["'C]38 (44 to
71% yields). Notably, NHP esters derived from an aryloxy acetic acid
(["'C1/[*®F139), as well as from primary ([''C]/['®F]140), secondary
(['®F141), and tertiary (['®F]42) benzylic carboxylic acids, underwent
efficient decarboxylation reactions, delivering radiolabeled products in
39 to 88% yield. These results highlight the utility of this approach as
a complementary method to the aryl-radical-enabled protocol, particu-
larly for cases where corresponding alkyl iodides are often unstable.
Pharmaceutical compounds, such as indomethacin, mycophenolic
acid, and lipitor, were successfully converted into their radiolabeled
products—["'C]43, ["'C]/['®F144, and ['®F]4:5, respectively—in moder-
ate to good yields (17 to 84%).

Finally, we applied this decarboxylative radiotrifluoromethylation
reaction to the synthesis of PET radioligands for imaging cyclooxygenase
subtype 1 (COX-1) (Fig. 4C). [HC]PSIS, developed by one of our groups,
is a highly effective COX-1 radioligand used for PET imaging in the
human brain (43). However, previous attempts to label the CF3 group
of PS13 with fluorine-18 resulted in poor radiochemical yield (35). To
our satisfaction, under our standard decarboxylative radiotrifluoro-
methylation conditions, NHP ester 46 was efficiently converted into
[''C1477 and [*®F14%7 in high yield (83 and 82%, respectively, with up to
337 MBq isolated, at the end of synthesis). Measuring the molar activity
of the labeled products revealed that [''C]47 was formed with a high
molar activity (4p, = 269 GBq/umol), whereas ['®F]4%7 exhibited a molar
activity comparable to that of ["®*F]fluoroform (4, = 14.5 GBq/pmol).
Because the synthesis of [*®*F]fluoroform with higher molar activity
(>30 GBg/pmol) has been reported (55, 63), we anticipate that [ISF]CFg-
labeled products with higher molar activity can be readily accessed when
high-A4,, imaging studies are required. Finally, an automated apparatus
was developed for this photochemical radiolabeling reaction, enabling
the radiosynthesis of ['C]PS13 in 65% yield. Overall, these results fur-
ther underscore the potential of our methods for synthesizing hitherto
challenging PET radioligands.

Given the broad scope and operational simplicity of these radio-
labeling reactions, we anticipate their wide range of applications in
the field of PET imaging. Moreover, the demonstration that radiola-
beled CF; groups can be readily transferred to alkyl radical intermedi-
ates opens an avenue for developing previously inaccessible 'C- and
8F.labeled compounds.
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