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FLUORINATION OF AROMATIC RING 
SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

2 
whereinArl is an electron rich aryl or heteroaryl ring system; 

Y is a leaving group; and 

This application is a National Stage application under 35 
U.S.c. §371 and claims the benefit under 35 U.S.c. §119(a) 
ofIntemational Application No. PCT/US20091061308, hav­
ing an International Filing Date of Oct. 20, 2009, which 10 

claims priority to U.S. Provisional Applications Ser. Nos. 
611107,156, filed on Oct. 21, 2008, and 611236,037, filed on 
Aug. 21,2009, both of which are incorporated by reference in 

M and X are as defined above. Following reaction, the polar 
solvent can be removed from the reaction mixture and the 
remaining mixture can be combined with a nonpolar sol­
vent and heated. In another embodiment, a solution com­
prising a nonpolar solvent, a compound MX, and a com­
pound of Formula (2) can be heated to provide a compound 
of Formula (1). 
In some embodiments, the nonpolar solution of the reac-

tion mixture of MX and a compound of Formula (2) can be 
filtered prior to heating. The filtration step can remove any 
insoluble material (e.g., insoluble salts) that remain in the 
reaction mixture. In some embodiments, the solvent can be 

their entirety herein 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

The U.S. Government has certain rights in this invention 
pursuant to Grant No. CHE-0717562 awarded by the 
National Science Foundation. 

TECHNICAL FIELD 

This disclosure relates to reagents and methods useful in 
the synthesis of aryl fluorides, for example, in the preparation 
of l8F labeled radiotracers. The reagents and methods pro­
vided herein may be used to access a broad range of com­
pounds, including aromatic compounds, heteroaromatic 
compounds, amino acids, nucleotides, and synthetic com­
pounds. 

BACKGROUND 

Aryl fluorides are structural moieties in natural products as 
well as a number of therapeutically important compounds, 
including positron emission tomography (PET) tracers and 
pharmaceuticals. Therefore methods and reagents for pro­
ducing such aryl fluorides, for example efficient methods for 
producing aryl fluorides, are desirable. 

SUMMARY 

15 removed from the filtrate prior to heating (i.e., the residue can 
be heated neat). 

In further embodiments, the nonpolar solution of the reac­
tion mixture of MX and a compound of Formula (2) can be 
filtered prior to heating, the nonpolar solvent can be removed 

20 (e.g., by evaporation), and the heating of the sample can be 
performed in a different solvent. 

In some embodiments, X can be chosen from halide, aryl 
carboxylate, alkyl carboxylate, phosphate, phosphonate, 
phosphonite, azide, thiocyanate, cyanate, phenoxide, triflate, 

25 trifluoroethoxide, thiolates, and stabilized enolates. For 
example, X can be chosen from fluoride, chloride, bromide, 
iodide, triflate, trifluoroacetate, benzoate, acetate, phenoxide, 
trifluoroethoxide, cyanate, azide, thiocyanate, thiolates, 
phosphates, and stabilized enolates. In some embodiments, X 

30 is fluoride. In some embodiments, X is a radioactive isotope, 
for example, X can be a radioactive isotope of fluoride (e.g., 
l8F). 

The methods described herein can be used to prepare flu­
orinated aryl or heteroaryl ring systems (e.g., a radiolabeled 

35 fluorinated aryl or heteroaryl ring system). For example, pro­
vided herein is a method of preparing a compound of Formula 
(3): 

M-F 

40 wherein M is an aryl or heteroaryl ring system. In one 
embodiment, the method includes reacting in a polar sol­
vent a compound MF, wherein M is a counter ion, and a 
compound of Formula (2), as described above. Following 

Provided herein are methods of preparing substituted aryl 45 

and heteroaryl ring systems using diaryliodonium com­
pounds and intermediates. For example, diaryliodonium salts 
and diaryliodonium fluorides, as provided herein, can 
undergo decomposition to prepare an aryl fluoride. 

For example, provided herein is a method for making a 50 

compound of Formula (1): 

reaction, the polar solvent can be removed from the reac­
tion mixture and the remaining mixture can be combined 
with a nonpolar solvent and heated. In another embodi-
ment, a solution comprising a nonpolar solvent, a com­
pound MF, and a compound of Formula (2) can be heated 
to provide a compound of Formula (3). 
In some embodiments, the nonpolar solution of the reac-

M-X 

wherein Ar2 is an aryl or heteroaryl ring system; and X is a 
moiety wherein the pKa of the acid H-X is less than 12. In 
one embodiment, the method includes reacting in a polar 
solvent a compound MX, wherein M is a counter ion and X is 
as defined in Formula (1), and a compound of Formula (2): 

2 

tion mixture of MF and a compound of Formula (2) can be 
filtered prior to heating. The filtration step can remove any 
insoluble material (e.g., insoluble salts) that remain in the 
reaction mixture. In some embodiments, the solvent can be 

55 removed from the filtrate prior to heating (i.e., the residue can 
be heated neat). 

In further embodiments, the nonpolar solution of the reac­
tion mixture of MF and a compound of Formula (2) can be 
filtered prior to heating, the nonpolar solvent can be removed 

60 (e.g., by evaporation), and the heating of the sample can be 
performed in a different solvent. 

Arl is an electron rich aryl or heteroaryl ring system. For 
example, Arl-H can be more easily oxidized than benzene. 
In some embodiments, the moiety Arl can be substituted with 

65 at least one substituent having a Harnmett op value ofless than 
zero. For example, the substituent can be chosen from: -(Cl-
ClO)alkyl, -(Cl -ClO)haloalkyl, (C2-ClO)alkenyl, (C2-ClO) 
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alkynyl, -O-(CI -ClO)alkyl, ---C(O)-O-(CI -ClO)alkyl, 
aryl, and heteroaryl. In some embodiments, Arl can be: 

10 

wherein R\ R2, R3
, R4

, and R5 are independently chosen 
from: H, -(CI -ClO)alkyl, -(CI-ClO)haloalkyl, (C2-ClO) 15 

alkenyl, (C2-ClO)alkynyl, -O-(CI -ClO)alkyl, ---C(O)­
O-(CI-ClO)alkyl, aryl, andheteroaryl, or two ormoreofRI, 
R2, R3

, R4
, and R5 come together to form a fused aryl or 

heteroaryl ring system. 

M is an aryl or heteroaryl ring system. In some embodi- 20 

ments, Ar2 is chosen from a phenylalanine derivative, tyrosine 
derivative, typtophan derivative, histidine derivative, and 
estradiol derivative. In some embodiments, Ar2 is chosen 
from: 

25 

OMe 

35 

40 

45 

50 

OP4 55 

pI p2 
'N/ 

0 
'-p5 

60 

65 
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40 wherein each of pI, p2 and p6 are independently a nitrogen 
protecting group, or pI and p2 come together to form a single 
nitrogen protecting group; each ofp3, p4, and p7 are indepen­
dently an alcohol protecting group, or p3 and p4 come 
together to form a single oxygen protecting group; and p5 is a 

45 carboxylic acid protecting group. 

50 

55 

60 

Also provided herein is a method of making a compound of 
Formula (6): 

F 

wherein each of pI and p2 are independently a nitrogen pro­
tecting group, or pI and p2 come together to form a single 

65 nitrogen protecting group; each of p3, and p4 are indepen­
dently an alcohol protecting group, or p3 and p4 come 
together to form a single oxygen protecting group; and p5 is a 
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carboxylic acid protecting group. In one embodiment, the 
method includes reacting in a polar solvent a compound MF, 
wherein M is a counter ion, and a compound of Formula (7): 

7 

whereinArI is an electron rich aryl or heteroaryl ring system; 

10 

15 

Y is a leaving group; and 20 

pI, p2, p3, p4 and p5 are as defined above. Following reaction, 
the polar solvent can be removed from the reaction mixture 
and the remaining mixture can be combined with a nonpo-
lar solvent and heated. In another embodiment, a solution 
comprising a nonpolar solvent, a compound MF, and a 25 

compound of Formula (7) can be heated to provide a com­
pound of Formula (6). 
In some embodiments, the nonpolar solution of the reac­

tion mixture of MF and a compound of Formula (7) can be 
filtered prior to heating. The filtration step can remove any 30 

insoluble material (e.g., insoluble salts) that remain in the 
reaction mixture. In some embodiments, the solvent can be 
removed from the filtrate prior to heating (i.e., the residue can 
be heated neat). 

In further embodiments, the nonpolar solution of the reac- 35 

tion mixture of MF and a compound of Formula (7) can be 
filtered prior to heating, the nonpolar solvent can be removed 
(e.g., by evaporation), and the heating of the sample can be 
performed in a different solvent. 

In the methods described above, Y can be any leaving 40 

group, for example, Y can be, for example, triflate, mesylate, 
nonaflate, hexaflate, tosylate, nosylate, brosylate, perfluoro­
alkyl sulfonate, tetraphenylborate, hexafluorophosphate, tri­
fluoroacetate, tetrafluoroborate, perchlorate, perfluoroalkyl-
carboxylate, chloride, bromide, or iodide. 45 

M can vary depending on the nature of the X moiety. In 
some embodiments, M can be potassium, sodium, cesium, 
complexes of lithium, sodium, potassium, or cesium with 
cryptands or crown ethers, tetra substituted ammonium cat-
ions, or phosphonium cations. 50 

The nonpolar solvent used in the methods described herein 
can be, for example, benzene, toluene, o-xylene, m-xylene, 
p-xylene, ethyl benzene, carbon tetrachloride, hexane, cyclo­
hexane, fluorobenzene, chlorobenzene, nitrobenzene, or mix­
tures thereof. In some embodiments, the nonpolar solvent 55 

comprises benzene. In some embodiments, the nonpolar sol­
vent comprises toluene. 

The polar solvent used in the methods described herein can 
be, for example, acetonitrile, acetone, dichloromethane, ethyl 
acetate, tetrahydrofuran, dimethylformamide, 1,2-difluo- 60 

robenzene, benzotrifluoride or mixtures thereof. 
Heating of the reaction mixture can include heating at a 

temperature ranging from about 25° C. to about 250° C. In 
some embodiments, the heating can occur for from about 1 
second to about 25 minutes. In some embodiments, the heat- 65 

ing is accomplished by a flash pyrolysis method, a conven­
tional heating method, or by a microwave method. 

10 
In some embodiments, the compound of Formula (2) is 

chosen from: 

wherein each of pI and p2 are independently a nitrogen pro­
tecting group, or pI and p2 come together to form a single 
nitrogen protecting group; each of p3, and p4 are indepen­
dently an alcohol protecting group, or p3 and p4 come 
together to form a single oxygen protecting group; and p5 is a 
carboxylic acid protecting group. For example, the com­
pound of Formula (2) can be: 
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wherein each of pI and p2 are independently a nitrogen pro­
tecting group, or pI and p2 come together to form a single 
nitrogen protecting group; each of p3, and p4 are indepen­
dently an alcohol protecting group, or p3 and p4 come 
together to form a single oxygen protecting group; and p5 is a 
carboxylic acid protecting group. In some embodiments, the 
compound of Formula (2) can be: 

In some embodiments, the compound of Formula (2) can be: 

MeO 

In some embodiments, the compound of Formula (2) is 
chosen from: 

eN 
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In some embodiments, the compound of Formula (2) is 
chosen from: 
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y 

I 
Arl/' 

I 

p4-0 

wherein each of p3 and p4 are independently an alcohol pro-
tecting group. 

In some embodiments, the compound of Formula (1) or 
Formula (3) is chosen from: 

pI p2 
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F F 
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OP3 
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wherein each of pI and p2 are independently a nitrogen pro-
tecting group, or pI and p2 come together to fonn a single 
nitrogen protecting group; each of p3, and p4 are indepen-
dently an alcohol protecting group, or p3 and p4 come 
together to fonn a single oxygen protecting group; and p5 is a 
carboxylic acid protecting group. 

10 
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65 

14 
In some embodiments, the compound of Formula (1) or 

Fonnula (3) is chosen from: 
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In some embodiments, the compound of Formula (1) or 
Formula (3) is chosen from: 

F 

10 

15 

20 

wherein each of p3 and p4 are independently an alcohol pro-
tecting group. 25 

In some embodiments, the compound of Formula (1) or 
Formula (3) can be: 

30 

35 

40 

wherein each of pI and p2 are independently a nitrogen pro- 45 

tecting group, or pI and p2 come together to fonn a single 
nitrogen protecting group; each of p3, and p4 are indepen­
dently an alcohol protecting group, or p3 and p4 come 
together to fonn a single oxygen protecting group; and p5 is a 
carboxylic acid protecting group. For example, the com- 50 

pound of Formula (1) or Fonnula (3) can be: 

55 

60 

65 

16 
In some embodiments, the compound of Fonnula (1) or For­
mula (3) can be: 

OR. 

F 

RO 

In some embodiments, the compound of Fonnula (7) can 
be: 

For example, the compound of Fonnula (7) can be: 

o 0 

t-Bu ........ A )l /t-Bu. 
o ~ 0 

M",~, '0" 
/ 

TID 

MeO 

In some embodiments, the compound of Fonnula (6) can 
be: 
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Also provided herein is a method for making a compound 
of Formula (1) that can include heating a mixture comprising 
a nonpolar solvent and a compound of Formula (5): 

whereinArI is an electron rich aryl or heteroaryl ring system; 
andY and X are as defined for Formula (1). In some embodi­
ments' the reaction mixture is filtered (i.e., to remove 
insoluble material) prior to heating. In some embodiments, 
the reaction mixture is filtered and the nonpoloar solvent is 
removed and the resulting residue is dissolved in a polar 
solvent prior to heating. In some embodiments, X is F (e.g., 
18F). 

Also provided herein is a method for making a compound 
of Formula (3) that can include heating a mixture comprising 
a nonpolar solvent and a compound of Formula (4): 

4 

10 

15 

20 

25 

30 

18 

In some embodiments, the compound of Formula (8) is: 

o 0 

I-Bu, )l )l /I-Bu. 
o N 0 

M~'C, 
/ 

F 

MeO 

whereinArI is an electron rich aryl or heteroaryl ring system; 
andAr2 is as defined for Formula (3). In some embodiments, 35 

the reaction mixture is filtered (i.e., to remove insoluble mate­
rial) prior to heating. In some embodiments, the reaction 
mixture is filtered and the nonpoloar solvent is removed and 
the resulting residue is dissolved in a polar solvent prior to 

A compound of Formula (6) is also provided. The com­
pound can be prepared using any of the methods described 
herein. 

The details of one or more embodiments of the invention 
are set forth in the accompanying drawings and the descrip­
tion below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, 
and from the claims. 

heating. 40 

Further provided herein is a compound of Formula (8): 

whereinArI is an electron rich aryl or heteroaryl ring system; 
each of pI and p2 are independently a nitrogen protecting 
group, or pI and p2 come together to form a single nitrogen 
protecting group; each of p3, and p4 are independently an 
alcohol protecting group, or p3 and p4 come together to form 
a single oxygen protecting group; and 

p5 is a carboxylic acid protecting group. In some embodi­
ments, the compound of Formula (8) is: 

DESCRIPTION OF DRAWINGS 

FIG. 1 shows the decomposition ofMTEB-I-F in acetoni­
trile at 90° C. 

45 FIG. 2 shows the decomposition ofMTEB-I-F in benzene 
at 90° C. 

FIG. 3 details the IH NMR of 6-Fluoro-L-DOPA 
FIG. 4 details the 19F NMR of 6-Fluoro-L-DOPA. 

50 DETAILED DESCRIPTION 

Definitions 
Unless defined otherwise, all technical and scientific terms 

used herein have the same meaning as is commonly under-
55 stood by one of ordinary skill in the art to which this disclo­

sure belongs. All patents, applications, published applica­
tions, and other publications are incorporated by reference in 
their entirety. In the event that there is a plurality of definitions 
for a term herein, those in this section prevail unless stated 

60 otherwise. 
As used herein, the singular forms "a," "an," and "the" 

include plural referents unless the context clearly dictates 
otherwise. 

In general, the term "aryl" includes groups having 5 to 14 
65 carbon atoms which form a ring structure and have an aro­

matic character, including 5- and 6-membered single-ring 
aromatic groups, such as benzene and phenyl. Furthermore, 
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the tenn "aryl" includes polycyclic aryl groups, e.g., tricyclic, 
bicyclic, such as naphthalene and anthracene. 

The tenn "heteroaryl" includes groups having 5 to 14 
atoms which fonn a ring structure and have an aromatic 
character, including 5- and 6-membered single-ring aromatic 
groups, that have from one to four heteroatoms, for example, 
pyrrole, furan, thiophene, thiazole, isothiaozole, imidazole, 
triazole, tetrazole, pyrazole, oxazole isooxazole, pyridine, 
pyrazine, pyridazine, and pyrimidine, and the like. Further­
more, the term "heteroaryl" includes polycyclic heteroaryl 10 

groups, e.g., tricyclic, bicyclic, such as benzoxazole, benzo­
dioxazole, benzothiazole, benzoimidazole, benzothiophene, 
methylenedioxyphenyl, quinoline, isoquinoline, napthridine, 
indole, benzofuran, purine, benzofuran, deazapurine, inda- 15 

zole, or indolizine. 
The tenn "substituted" means that an atom or group of 

atoms fonnally replaces hydrogen as a "substituent" attached 
to another group. For aryl and heteroaryl groups, the tenn 
"substituted", unless otherwise indicated, refers to any level 20 

of substitution, namely mono, di, tri, tetra, or penta substitu­
tion, where such substitution is pennitted. The substituents 
are independently selected, and substitution may be at any 
chemically accessible position. 

The compounds provided herein may encompass various 25 

stereochemical fonns and tautomers. The compounds also 
encompasses diastereomers as well as optical isomers, e.g. 
mixtures of enantiomers including racemic mixtures, as well 
as individual enantiomers and diastereomers, which arise as a 
consequence of structural asymmetry in certain compounds. 30 

Separation of the individual isomers or selective synthesis of 
the individual isomers is accomplished by application of vari-
0us methods which are well known to practitioners in the art. 

The term "electron rich", as used herein, refers to an aryl or 35 

heteroaryl ring system which is more easily oxidized than 
benzene. For example the aryl or heteroaryl ring system may 
be substituted with one or more substituents having a Ham­
mett op value ofless than zero. 

The term "fluorine" unless explicitly stated otherwise 40 

includes all fluorine isotopes. Multiple fluorine isotopes are 
known, however, only 19F is stable. The radioisotope 18F has 
a half-life of 109.8 minutes and emits positrons during radio­
active decay. The relative amount of 18F present at a desig­
nated site in a compound of this disclosure will depend upon 45 

a number of factors including the isotopic purity of 18F 
labeled reagents used to make the compound, the efficiency of 
incorporation of 18F in the various synthesis steps used to 
prepare the compound, and the length of time since the 18F 
has been produced. When a position is designated specifically 50 

as 18F in the methods and compounds of the present disclo­
sure, the position is understood to have at least about 0.01 %, 

20 
For example, provided herein is a method for making a 

compound of Fonnula (1): 

AT"-x 

wherein M is an aryl or heteroaryl ring system; and X is a 
moiety wherein the pKa of the acid H-X is less than 12. In 
some embodiments, a compound of Fonnula (1) can be pre­
pared as shown in Scheme 1. 

Scheme 1. 

Y X 

I I 
Arl-I-AT" MX. Arl-I-AT" - x-AT" 

2 

In some embodiments, the method can include reacting in 
a polar solvent a compound MX, wherein M is a counter ion 
and X is as defined in Fonnula (1), and a compound of 
Fonnula (2): 

2 

whereinArI is an electron rich aryl or heteroaryl ring system; 
Y is a leaving group; and Ar2 and X are as defined above in 
Fonnula (1). The polar solvent can then be removed from the 
reaction mixture. The remaining mixture can then be com­
bined with a nonpolar solvent and heated to produce a com-
pound of Formula (1). 

In some embodiments, the method can include heating a 
mixture comprising a nonpolar solvent, a compound MX, and 
a compound of Fonnula (2). 

In some embodiments, the nonpolar solution of the reac­
tion mixture of MX and a compound of Formula (2) can be 
filtered prior to heating. The filtration step can remove any 
insoluble material (e.g., insoluble salts) that remain in the 
reaction mixture. In some embodiments, the solvent can be 
removed from the filtrate prior to heating (i.e., the residue can 
be heated neat). 

In further embodiments, the nonpolar solution of the reac­
tion mixture of MX and a compound of Formula (2) can be 
filtered prior to heating, the nonpolar solvent can be removed 
(e.g., by evaporation), and the heating of the sample can be 
perfonned in a different solvent. 

Substituted aryls and heteroaryls which are prepared using 
the methods described herein can have an X moiety which 
includes any moiety in which the pKa of H-X (i.e., the 
conjugate acid of X) is less than about 12. In some cases, X is 
a radioactive isotope (e.g., 18F, 1231, 1311, and compounds 
having 32p and 33p). In some embodiments, X can be chosen 
from halide, aryl carboxylate, alkyl carboxylate, phosphate, 
phosphonate, phosphonite, azide, thiocyanate, cyanate, phe­
noxide, triflate, trifluoroethoxide, thiolates, and stabilized 

at least about 0.1 %, at least about 1 %, at least about 2%, at 
least about 3%, at least about 4%, at least about 5%, at least 
about 10%, at least about 15%, at least about 20%, at least 55 

about 25%, at least about 30%, at least about 35%, at least 
about 45%, at least about 50%, at least about 55%, at least 
about 60%, at least about 65%, at least about 70%, at least 
about 75%, at least about 80%, or at least about 85% 18F 
incorporation at that site. 60 enolates. For example, X can be fluoride, chloride, bromide, 

iodide, trifluoroacetate, benzoate, and acetate. In some 
embodiments, X is fluoride. In some embodiments, is a radio­
active isotope of fluoride (e.g., 18F). 

Methods of Preparing Substituted Aryl and Heteroaryl Ring 
Systems 

Provided herein are methods of preparing substituted aryl 
and heteroaryl ring systems using diaryliodonium com­
pounds and intennediates. For example, diaryliodonium salts 65 

and diaryliodonium fluorides, as provided herein, can 
undergo decomposition to prepare an aryl fluoride. 

Y can be any suitable leaving group. In some embodi­
ments, Y is a weakly coordinating anion (i.e., an anion that 
coordinates only weakly with iodine). For example, Y can be 
the conjugate base of a strong acid, for example, any anion for 
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which the pKa of the conjugate acid (H-Y) is less than about 
1. For example, Y can be triflate, mesylate, nonaflate, 
hexaflate, toluene sulfonate (tosylate), nitrophenyl sulfonate 
(nosylate), bromophenyl sulfonate (brosylate), perfluoro­
alkyl sulfonate (e.g., perfluoro C2 _10 alkyl sulfonate), tet­
raphenylborate, hexafluorophosphate, trifluoroacetate, per­
fluoroalkylcarboxylate, tetrafluoroborate, perchlorate, 
hexafluorostibate, hexachlorostibate, chloride, bromide, or 
iodide. In some embodiments, a slightly more basic leaving 
group such as acetate or benzoate may be used. 10 

The counter ion M can be any suitable cation for the desired 
X. The choice of the source of X, and accordingly M, is 
readily within the knowledge of one of ordinary skill in the 
art. For example, M can be chosen from an alkali metal, 15 

alkaline earth metal and transition metal salts such as, for 

22 
In some embodiments, the compound of Formula (3) can 

be a compound of Formula (6): 

Op4 

wherein each of pI and p2 are independently a nitrogen pro­
tecting group, or pI and p2 come together to form a single 
nitrogen protecting group; each of p3, and p4 are indepen­
dently an alcohol protecting group, or p3 and p4 come 

example, calcium, magnesium, potassium, sodium and zinc 
salts. Metal cations may also be complexed to cryptands or 
crown ethers to enhance their solubility and to labilize the X 
moiety. M can also include organic salts made from quater­
nized amines derived from, for example, N,N' dibenzylethyl­
enediamine, chloroprocaine, choline, diethanolamine, ethyl­
enediamine, meglumine (N-methylglucamine) and procaine. 

20 together to form a single oxygen protecting group; and p5 is a 
carboxylic acid protecting group. In some embodiments, the 
method can include reacting in a polar solvent a compound 
MF and a compound of Formula (7): 

In some embodiments, M can be a lithium, sodium, potas­
sium, or cesium with cryptands or crown ethers, a tetrasub- 25 

stituted anm10nium cation, or phosphonium cation. When X 
is fluoride, the choice of fluoride source is also readily within 
the knowledge of one of ordinary skill in the art. A variety of 
fluoride sources can be used in the preparation of the fluori- 30 

nated aryl and heteroaryl compounds as provided herein, 
including but not limited to NaF, KF, CsF, tetrabutylammo­
nium fluoride, and tetramethylammonium fluoride. In certain 
instances the choice of fluoride source will depend on the 
functionality present on the compound of Formula (2). 35 

7 

whereinArI is an electron rich aryl or heteroaryl ring system; 

The methods described above can be useful in the prepa­
ration of fluorinated aryl and heteroaryl ring systems. For 
example, the methods can be used to prepare a compound of 
Formula (3): 

Ar'-F 

whereinAr2 is an aryl or heteroaryl ring system. In particular, 
the methods can be used to prepare radio labeled fluorinated 
aryl and heteroaryl ring systems (e.g., PET radiotracers). In 
some embodiments, the method can include reacting in a 
polar solvent a compound MF and a compound of Formula 
(2). The polar solvent can then be removed from the reaction 
mixture. The remaining mixture can then be combined with a 
nonpolar solvent and heated to produce a compound of For­
mula (3). 

40 Y is a leaving group; and pI, p2, p3, p4 and p5 are as defined 
in Formula (6). The polar solvent can then be removed from 
the reaction mixture. The remaining mixture can then be 
combined with a nonpolar solvent and heated to produce a 
compound of Formula (6). 

45 In some embodiments, the method can include heating a 
mixture comprising a nonpolar solvent, a compound MF, and 
a compound of Formula (7). 

In some embodiments, the nonpolar solution of the reac­
tion mixture of MF and a compound of Formula (7) can be 
filtered prior to heating. The filtration step can remove any 

In some embodiments, the method can include heating a 
mixture comprising a nonpolar solvent, a compound MF, and 
a compound of Formula (2). 

50 insoluble material (e.g., insoluble salts) that remain in the 
reaction mixture. In some embodiments, the solvent can be 
removed from the filtrate prior to heating (i.e., the residue can 
be heated neat). 

55 
In some embodiments, the nonpolar solution of the reac­

tion mixture of MF and a compound of Formula (2) can be 
filtered prior to heating. The filtration step can remove any 
insoluble material (e.g., insoluble salts) that remain in the 
reaction mixture. In some embodiments, the solvent can be 60 

removed from the filtrate prior to heating (i.e., the residue can 
be heated neat). 

In some embodiments, the nonpolar solution of the reac­
tion mixture of MF and a compound of Formula (2) can be 
filtered prior to heating, the nonpolar solvent can be removed 65 

(e.g., by evaporation), and the heating of the sample can be 
performed in a different solvent. 

The compound of Formula (6) can be, for example, 
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In some embodiments, the compound of Formula (6) is: 

Accordingly, the compound of Fonnula (7) can be, for 
example: 

In some embodiments, the compound of Fonnula (7) can be: 

24 
more easily oxidized than benzene. In some embodiments, 
Arl can be substituted with at least one substituent having a 
Hammett op value of less than zero (see, for example, "A 
survey of Hammett substituent constants and resonance and 

5 field parameters", Corwin. Hansch, A. Leo, R. W. Taft Chern. 
Rev., 1991, 91 (2), pp 165-195). For example, Arl can be 
substituted with at least one of -(Cl-ClO)alkyl, -(Cl-ClO) 
haloalkyl, (C2-ClO)alkenyl, (C2-ClO)alkynyl, -O-(Cl-
ClO)alkyl, ---C(O)-O-(Cl -ClO)alkyl, aryl, and heteroaryl. 

10 In some embodiments, Arl is: 

15 

20 

wherein Ri, R2, R3
, R4

, and R5 are independently chosen 
from: H, -(Cl -ClO)alkyl, -(Cl-ClO)haloalkyl, (C2-ClO) 
alkenyl, (C2-ClO)alkynyl, -O-(Cl -ClO)alkyl, -C(O)-

25 O-(Cl-ClO)alkyl, aryl, andheteroaryl, or two ormoreofRl , 
R2, R3

, R4
, and R5 come together to form a fused aryl or 

heteroaryl ring system. 

30 

In some embodiments, Arl is the same as Ar2. In some 
embodiments, Arl is more easily oxidized than Ar. 

In some embodiments, Arl can be substituted with a solid 
support. A "solid support" may be any suitable solid-phase 
support which is insoluble in any solvents to be used in the 
process but which can be covalently bound (e.g., to Arl or to 

35 an optional linker). Examples of suitable solid supports 

include polymers such as polystyrene (which may be block 
grafted, for example with polyethylene glycol), polyacryla­
mide, or polypropylene or glass or silicon coated with such a 

40 polymer. The solid support may be in the form of small 
discrete particles such as beads or pins, or as a coating on the 
inner surface of a reaction vessel, for example a cartridge or a 
microfabricated vessel. See, for example, U.S. Patent Appli­
cation No. 2007/0092441. 

45 

In some embodiments, the compound of Fonnula (7) can be: 50 

In some embodiments, the solid support is covalently 
bound to Arl through the use of a linker. A "linker" can be any 
suitable organic group which serves to space the Arl from the 
solid support structure so as to maximize reactivity. For 
example, a linker can include a Cl_20 alkyl or a Cl_20 alkoxy, 
attached to the solid support, for example, a resin by an amide 

MeO 

The moiety Arl can be an electron-rich aryl or heteroaryl 
ring system. For example, in some embodiments, Arl-H is 

ether or a sulphonamide bond for ease of synthesis. The linker 
may also be a polyethylene glycol (PEG) linker. Examples of 
such linkers are well known to those skilled in the art of 

55 solid-phase chemistry. 

The methods described herein can be used with a variety of 
aryl and heteroaryl ring systems. As is well understood by one 
of skill in the art, to carry out efficient nucleophilic substitu-

60 tion of the aryl and heteroaryl ring systems described herein, 
it is necessary that Arl be more easily oxidized (i.e., more 
electron rich) than Ar2. Within that boundary, however, the 
Ar moiety can be any aryl or heteroaryl ring system in which 
substitution by X (e.g., F such as l8F) is desired. For example, 

65 Ar can be a phenylalanine, tyrosine, typtophan, or histidine 
derivative, and an estradiol derivative. In some embodiments, 
Ar can be chosen from: 
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15 
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Op3 

wherein each of pI, p2 and p6 are independently a nitrogen 
protecting group, or pI and p2 come together to form a single 
nitrogen protecting group; and each ofp3, p4, p5 and p7 are 
independently an oxygen protecting group, or p3 and p4 come 
together to form a single oxygen protecting group. In some 

20 embodiments, Ar2 is an electron rich aryl or heteroaryl ring 
system. 

Protecting groups can be a temporary substituent which 

protects a potentially reactive functional group from undes-

25 ired chemical transformations. The choice of the particular 

protecting group employed is well within the skill of one of 

ordinary skill in the art. A number of considerations can 

determine the choice of protecting group including, but not 

30 limited to, the functional group being protected, other func­

tionality present in the molecule, reaction conditions at each 

step of the synthetic sequence, other protecting groups 

present in the molecule, functional group tolerance to condi-

35 tions required to remove the protecting group, and reaction 

conditions for the thermal decomposition of the compounds 

provided herein. The field of protecting group chemistry has 

been reviewed (Greene, T. W.; Wuts, P. G. M. Protective 

40 Groups in Organic Synthesis, 2.sup.nd ed.; Wiley: New York, 

1991). 

A nitrogen protecting group can be any temporary substitu­

ent which protects an amine moiety from undesired chemical 

45 transformations. Examples of such protecting groups 

include, but are not limited to allylamine, benzy lamines (e. g., 

bezylamine, p-methoxybenzylamine, 2,4-dimethoxybenzy­

lamine, and tritylamine), acetylamide, trichloroacetammide, 

50 trifluoroacetamide, pent-4-enamide, phthalimides, carbam­

ates (e.g., methyl carbamate, t-butyl carbamate, benzyl car­

bamate, allyl carbamates, 2,2,2-trichloroethyl carbamate, and 

9-fluorenylmethyl carbamate), imines, and sulfonamides 

55 (e.g., benzene sulfonamide, p-toluenesulfonamide, and p-ni­

tro benzene sulfonamide ). 

An oxygen protecting group can be any temporary sub­
stituent which protects a hydroxyl moiety from undesired 

60 chemical transformations. Examples of such protecting 
groups include, but are not limited to esters (e.g., acetyl, 
t-butyl carbonyl, and benzoyl), benzyl (e.g., benzyl, p-meth­
oxybenzyl, and 2,4-dimethoxybenzyl, and trityl), carbonates 

65 (e.g., methyl carbonate, allyl carbonate, 2,2,2-trichloroethyl 
carbonate and benzyl carbonate) ketals, and acetals, and 
ethers. 
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In some embodiments, a compound of Fonnula (2), as 
provided herein, can be chosen from: 

10 

15 

20 

25 

30 

35 

o 
'p5 40 

...... 0 
p5 

wherein: 

each of pI and p2 are independently a nitrogen protecting 
group, or pI and p2 come together to form a single nitrogen 
protecting group; 

each of p3 and p4 are independently an oxygen protecting 
group, or p3 and p4 come together to fonn a single oxygen 
protecting group, and p5 is a carboxylic acid protecting 
group. For example, a compound of Fonnula (2) can be: 

45 

50 

55 

60 

65 

32 

In some embodiments, a compound of Fonnula (2) can be: 

In some embodiments, a compound of Formula (2) can be: 

MeO 

In some embodiments, a compound of Fonnula (2) is cho­
sen from: 

CN 
Y 

I 
I 'Arl 

CN 
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wherein: 
each of p3 and p4 are independently an alcohol protecting 

group. 
In some embodiments, a compound of Formula (1) or 

5 Formula (3) can be chosen from: 

pI p2 
'N/ 

pI p2 
'N/ 

10 0 0 
'p5 'p5 

F F 

15 
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25 
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F 
30 

OP4 

35 

40 
F 

45 
In other embodiments, a compound of Formula (2) is chosen 

F 

from: 
wherein each of pI and p2 are independently a nitrogen pro­
tecting group, or pI and p2 come together to form a single 
nitrogen protecting group; and each ofP3 and p4 are indepen-

50 dently an alcohol protecting group, or p3 and p4 come 
together to form a single oxygen protecting group, and p5 is a 
carboxylic acid protecting group. For examples, a compound 
of Formula (1) or Formula (3) can be: 

55 

60 

65 
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In some embodiments, a compound of Formula (1) or For­
mula (3) can be: 

o 0 

t-Bu, )l )l /t-Bu. 
o N 0 "yo, 
C~ ° 

YOMe 
OMe 

In some embodiments, a compound of Fonnula (1) or 

10 

15 

Formula (3) can be: 20 

OR. 25 

F 

30 

RO 

In some embodiments, a compound of Fonnula (1) or 35 

Formula (3) can be chosen from: 
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In some embodiments, a compound of Fonnula (1) or 
Fonnula (3) is chosen from: 

p4-0 

F 

F 

wherein each ofp3 and p4 are independently an alcohol pro-
tecting group. 

A nonpolar solvent can be any solvent having a dielectric 
constant ofless than about 10. For example, a nonpolar sol-
vent can be chosen from benzene, toluene, o-xylene, m-xy-
lene, p-xylene, ethyl benzene, carbon tetrachloride, hexane, 
cyclohexane, fluorobenzene, chlorobenzene, nitrobenzene, 
and mixtures thereof. In some embodiments, the nonpolar 
solvent comprises benzene. In some embodiments, the non-
polar solvent comprises toluene. In some embodiments, the 
nonpolar solvent comprises cyclohexane. In some embodi-
ments the nonpolar solvent is a mixture, for example a mix-
ture of cyclohexane and toluene. 

A polar solvent is a solvent having a dielectric constant 
greater than about 10. In some embodiments, the polar sol-
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vent is a polar aprotic solvent, such as acetonitrile, acetone, 
dichloromethane, ethyl acetate, tetrahydrofuran, dimethyl­
formamide, 1,2-difluorobenzene, benzotrifluoride, and mix­
tures thereof. In some embodiments, the polar aprotic solvent 
is acetonitrile. 

Heating can be accomplished by conventional means (e.g., 
heating bath, oven, heat gun, hot plate, Bunsen burner, heat­
ing mantle, and the like), by the use of a microwave, or by 
flash pyrolysis. Typically, the reaction mixture is heated at a 
temperature ranging from about 25° C. to about 250° C. (e.g., 10 

between about 80° C. to about 200° c., 100° C. to about 200° 
c., about 120° C. to about 170° c., about 120° C. to about 
160° c., about 120° C. to about 150° c., and about 130° C. to 
about 150° C.). In some embodiments, the reaction mixture is 15 

heated to about 140° C. Heating can occur for any time 
necessary to complete the reaction. For example, heating can 
occur for from about 1 second to about 25 minutes (e.g., about 

38 
In the methods described herein, a pressure tube or other 

reinforced closed system can be used in instances where the 
desired temperature is above the boiling point of the solvent 
utilized. 

The reaction can be conducted in the presence of an inert 
gas such as nitrogen or argon. In some embodiments, steps are 
taken to remove oxygen and/or water from the reaction sol­
vent and starting materials. This can be accomplished by a 
number of methods including distillation of solvents in the 
presence of agents that react with and/or sequester water and 
under an atmosphere of inert gas; and purging the reaction 
vessel with an inert gas. 

The methods described herein can be used when MX (e.g., 
MF) is reacted in an amount ranging from about 1 picomole to 
about 10 millimoles (e.g., about 1 picomole to about 5 milli­
moles; about 1 picomole to about 1 millimole; about 1 pico­
mole to about 500 micromoles; about 1 picomole to about 100 
micromoles; about 1 picomole to about 50 micromoles; about 
1 picomole to about 5 micromoles; about 1 picomole to about 2 seconds, about 5 seconds, about 10 seconds, about 30 sec­

onds, about 1 minute, about 90 seconds, about 2 minutes, 
about 3 minutes, about 5 minutes, about 8 minutes, about 10 
minutes, about 12 minutes, about 15 minutes, about 20 min­
utes, and about 24 minutes). In some embodiments, heating 
can occur for from about 1 second to about 15 minutes. 

20 1 micromole; about 1 picomole to about 500 nanomoles; 
about 1 picomole to about 100 nanomoles; about 1 picomole 
to about 50 nanomoles; about 1 picomole to about 5 nano­
moles; about 1 picomole to about 1 nanomole; about 100 
picomoles to about 10 millimoles; about 500 picomoles to 

Further provided herein is a method of making a compound 
of Formula (1) that includes heating a mixture comprising a 
nonpolar solvent and a compound of Formula (5): 

25 about 10 millimoles; about 1 nanomole to about 10 milli­
moles; about 50 nanomoles to about 10 millimoles; about 100 
nanomoles to about 10 millimoles; about 500 nanomoles to 
about 10 millimoles; about 1 micromole to about 10 milli-

5 30 
moles; about 50 micromoles to about 10 millimoles; about 
100 micromoles to about 10 millimoles; about 500 micro­
moles to about 10 millimoles and about 1 millimole to about 
10 millimoles). In some embodiments, MX is reacted in the 
sample in an amount of less than about 10 millimoles. In 
many cases, the compound of Formula (2) is used in an excess 

whereinArI is an electron rich aryl or heteroaryl ring system; 
andY and X are as defined for Formula (1). In some embodi­
ments' the method can include filtering the mixture prior to 
heating. Filtering, as described above, can remove insoluble 
materials such as insoluble salts. In another embodiment, the 
method can include, prior to heating, filtering the mixture, 
removing the nonpolar solvent, and subsequently heating a 
solution of the remaining reaction mixture and a polar sol­
vent. 

35 when compared to the amount ofMX present in the sample. 
In some embodiments, the reaction mixture having MX fur­
ther contains additional compounds which may be present in 
an excess compared to MX. For example, the additional com­
pounds may be present in more than one million fold excess 

40 compared to MX. 

As described above, the methods described herein can be 
45 

used to prepare fluorinated (e.g., I8F) aryl and heteroaryl ring 
systems. Accordingly, further provided herein is a method for 
making a compound of Formula (3) that includes heating a 
mixture comprising a nonpolar solvent and a compound of 50 

Formula (4): 

4 

55 

whereinArI is an electron rich aryl or heteroaryl ring system; 60 

andAr2 is as defined for Formula (3). In some embodiments, 
the method can include filtering the mixture prior to heating. 
Filtering, as described above, can remove insoluble materials 
such as insoluble salts. In another embodiment, the method 
can include, prior to heating, filtering the mixture, removing 65 

the nonpolar solvent, and subsequently heating a solution of 
the remaining reaction mixture and a polar solvent. 

Compounds 
Diaryliodonium compounds, for example, compound of 

Formula (2), (4), (7) and (8), are further provided herein. For 
example, a compound of Formula (8) is provided, 

whereinArI is an electron rich aryl or heteroaryl ring system; 
each of pI and p2 are independently a nitrogen protecting 
group, or pI and p2 come together to form a single nitrogen 
protecting group; each of p3, and p4 are independently an 
alcohol protecting group, or p3 and p4 come together to form 
a single oxygen protecting group; and p5 is a carboxylic acid 
protecting group. In some embodiments, the compound of 
Formula (8) can be: 
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In some embodiments, a compound of Formula (8) can be: 

MeO 

The diaryliodonium compounds ofFonnula (2), (4) and (7) 
can be prepared from commercially available starting mate­
rials using various methods known to those of ordinary skill in 
the art. The method used for synthesizing the compounds will 
depend on the electronics and functionality present in of M. 
Potentially reactive functional groups present in M can be 
masked using a protecting group prior to the synthesis of the 
diaryliodonium compound. The particular method employed 
for preparing the diaryliodonium compounds will be readily 
apparent to a person of ordinary skill in the art. For example, 
the compounds can be made using the following generic 
reactions as shown in Scheme 2. 

Scheme 2. 

Y Y 

I I 
Arl-I + A?-H • Arl-I-A? + HY 

I conditions 

Y 
Y Y 

I I 
Arl-H + A?-I • Arl-I-A? + HY 

I conditions 

Y 
Y Y 

I I 
Arl-I + A?-M • Arl-I-A? + MY 

I conditions 

Y 
Y Y 

I I 
Arl-M + A?-I • Arl-I-A? + MY 

I conditions 

Y 

40 
organometallic compounds including tin, boron, and zinc. If 
there is no functional group incompatibility, more basic orga­
nometallic reagents (organolithium, Grignard, etc.) can be 
used to prepare the diaryliodonium salts. 

Persons skilled in the art will be aware of variations of, and 
alternatives to, the processes described which allow the com­
pounds defined herein to be obtained. 

It will also be appreciated by persons skilled in the art that, 
within certain of the processes described, the order of the 

10 synthetic steps employed may be varied and will depend inter 
alia on factors such as the nature of other functional groups 
present in a particular substrate, the availability of key inter­
mediates, and the protecting group strategy (if any) to be 

15 adopted. Clearly, such factors will also influence the choice of 
reagent for use in the said synthetic steps. 

The skilled person will appreciate that the diaryliodonium 
compounds described could be made by methods other than 
those herein described, by adaptation of the methods herein 

20 described and/or adaptation of methods known in the art, for 
example US 2007/0092441, or using standard textbooks such 
as "Comprehensive Organic Transformations-A Guide to 
Functional Group Transformations", R C Larock, Wiley­
VCH (1999 or later editions) and Science of Synthesis, Vol-

25 ume 31a, 2007 (Houben-Weyl, Thieme) 
It is to be understood that the synthetic transfonnation 

methods mentioned herein are exemplary only and they may 
be carried out in various different sequences in order that the 
desired compounds can be efficiently assembled. The skilled 

30 chemist will exercise his judgment and skill as to the most 
efficient sequence of reactions for synthesis of a given target 
compound. 

As exemplified in the examples below, certain diaryliodo-
35 nium fluorides can be prepared by H2S04 catalyzed electro­

philic aromatic substitution of the aromatic fluorine precursor 
withArI(OAc)2' followed by ion exchange. The desired dia­
ryliodonium fluoride is formed by reacting the resulting dia­
ryliodonium salt with a fluoride source, such as tetrabutylam-

40 monium fluoride, as illustrated in Scheme 3 shown below. 

45 

50 

55 

60 

Scheme 3. 

1. ArI(OAch 

Catalytic H2S04 

2. Ion Exchange 

For compounds that bear sensitive functionality on the 65 

accepting group, organometallic reagents that feature more 
covalent (more stable) C-M bonds can be used. For example, 

Diaryliodonium fluorides can also be prepared by the reac­
tion of the corresponding tributylstannanyl derivative of the 
aromatic fluorine precursor with p-MeOPhI(OH)(OTs), fol­
lowed by ion exchange, and reaction of the resulting diaryli­
odonium salt with a fluoride source, such as tetrabutylammo­
nium fluoride, as illustrated in Scheme 4. 
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Scheme 4. 

1. p-MeOPhI(OH)(OAc) 
2. Ion Exchange 

10 

42 
nyliodonium diacetate (65%), m-cyanohenyliodonium diac­
etate (70%), m-trifluoromethyliodnium diacetate (SO%), and 
2,6-dimethoxyphenyliodoniu diacetate (S3%) were synthe­
sized using a similar procedure from corresponding iodoare­
nes. 

Example 2 

Preparation ofbis(p-methoxyphenyl)iodonium 
trifluoroacetate 

Bis(p-methoxyphenyl)iodonium trifluoroacetate: Under 
N2 protection, 1.41 g (4 mmol) p-methoxyphenyliodonium 

15 diacetate was dissolved in 30 mL of dry dichloromethane and 
the solution was cooled to _30° C. 0.61 mL (S mmol) of 
trifluoroacetic acid was added and the solution was slowly 
brought back to room temperature and stirred for 30 minutes. 
The solution was, again, cooled to _30° C. and 0.44 mL (4 

20 mmol) anisole was added slowly and the mixture was warmed 
back up to room temperature and stirred for 1 hour. The 
solvent was evaporated and the residual solid was recrystal­
lized from diethyletherldichloromethane to give 1.53 g bis(p-

The choice of fluoride source is readily within the knowl­
edge of one of ordinary skill in the art. A variety of fluoride 
sources can be used in the preparation of the diaryliodonium 
fluorides as provided herein, including but not limited to NaF, 
KF, CsF, tetrabutylammonium fluoride, and tetramethylam- 25 

monium fluoride. In certain instances the choice of fluoride 
source will depend on the functionality present on the aro­
matic fluoride precursor. 

Further provided are compounds of Formula (1) and For­
mula (3) which are prepared by the methods described herein. 30 

For example, a compound of Formula (6) is provided, 
wherein the compound is prepared as described above. 

EXAMPLES 

methoxypheny I)iodonium trifluoroacetate (71 % ). 

Example 3 

Preparation of Bis(p-methoxyphenyl)iodonium 
tosylate 

Bis(p-methoxyphenyl)iodonium tosylate: Under N2 pro­
tection, 352 mg (1 mmol) p-methoxyphenyliodonium diac­
etate was dissolved in 1.5 mL of dry acetonitrile. The solution 
was combined with a solution of 190 mg (1 mmol) tosylic 

General Methods 
35 acid monohydrate in 1.5 mL of dry acetonitrile. After addition 

of 0.11 mL (1 mmol) p-iodoanisole, the mixture was allowed 
to react at room temperature for 2 hours. The solvent was then 
removed and the remaining solid was recrystallized from 
diethyletherldichloromethane to give 422 mg bis(p-methox-

Tetramethylammonium fluoride (TMAF, Aldrich) and 
diphenyliodonium nitrate were dried at 60-S0° C. in a drying 
pistol (charged with P20 S ) under dynamic vacuum for one 
week. Hexabutylditin and tributyltin chloride (Aldrich) were 
distilled into flame-dried storage tubes under dry nitrogen. 
Acetonitrile and acetonitrile-d3 were refluxed with P20 S ' 

benzene and benzene-d6 were refluxed with CaH2, overnight 
and distilled directly into flame-dried storage tubes under dry 
nitrogen. All glassware, syringes, and NMR tubes were oven 45 

dried (140° C.) for more than 24 hours before they were 
transferred into the glove box for use. All other reagents were 
purchased from commercial sources and were used as 
received. All NMR experiments were performed using a 
Bruker Avance 400 MHz NMR spectrometer. 

40 yphenyl)iodonium tosylate (S2%). 

Example 4 

Preparation of Bis(p-methoxyphenyl)iodonium 
hexafluorophosphate 

Bis(p-methoxyphenyl)iodonium hexafluorophosphate: 
Under N2 protection, 352 mg (1 mmol) p-methoxyphenyli­
odonium diacetate was dissolved in 1.5 mL of dry acetoni-

Example 1 

Preparation of p-methoxyphenyliodonium diacetate 

50 trile. The solution was combined with a solution of 190 mg (1 
mmol) tosylic acid monohydrate in 1.5 mL of dry acetonitrile. 
After addition of 0.11 mL (1 mmol) p-iodoanisole, the mix­
ture was allowed to react at room temperature for 2 hours. 10 
mL of water was added to the reaction mixture followed by 

55 extraction with 3x5 mL hexanes. The water layer was treated 
with 502 mg (3 mmol) NaPF 6. The white precipitation was 
taken up in dichloromethane and recrystallization with dieth­
yletherldichloromethane provided 391 mg bis(p-methox­
yphenyl)iodonium hexafluorophosphate (SO.5%). 

p-methoxyphenyliodonium diacetate: 2.34 g (10 mmol) 
p-iodoanisole was dissolved in 90 mL of glacial acetic acid. 
The solution was stirred, heated to 40° C. and 13.6 g (110 
mmol) sodium perborate tetrahydrate was added gradually 
over an hour. The reaction mixture was kept at 40° C. for S 60 

hours before being cooled to room temperature. Half of the 
acetic acid (-45 mL) was removed and 100 mL ofD.I. water 
was added. 3x40 mL dichloromethane was used to extract the 
aqueous solution. The combined organic layers were dried 
over sodium sulfate and solvent was evaporated to give 2.25 65 

g (64%) of p-methoxyiodonium diacetate, which was dried in 
vacuo and used without further purification. o-methoxyphe-

Example 5 

Preparation of Phenyl-4-methoxyphenyliodonium 
hexafluorophosphate 

Phenyl-4-methoxyphenyliodonium hexafluorophosphate 
was synthesized according to the procedure described for the 
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synthesis of bis(p-methoxyphenyl)iodonium hexafluoro­
phosphate from the corresponding aryliodonium diacetate 
and anisole. (77 .9%) 

Example 6 

Preparation of 

44 
5-dimethoxylbenzeneethanamine. The crude product was 
dried under dynamic vacuum overnight and used without 
further purification. 

Example 11 

Preparation of 
2-Bromo-4,5-dimethoxyl-(2-phthalimidoethyl)benzene 

2-methoxyphenyl-4' -methoxypheny liodonium 
hexafluorophosphate 10 2-Bromo-4,5-dimethoxyl-(2-phthalimidoethyl)benzene: 

2-Bromo-4,5-dimethoxylbenzeneethanamine (3.5 g 13.2 
mmol) was dissolved and stirred in 50 mL dry acetonitrile. 
2.14 mL (1.1 equiv) phthaloyl dichloride and 7 mL (3 equiv) 
Hunig's base were added. The mixture was stirred at room 
temperature overnight. Acetonitrile was then removed, and 

2-methoxypheny 1-4' -methoxypheny liodonium hexafluo­
rophosphate was synthesized according to the procedure 
described for the synthesis of bis(p-methoxyphenyl)iodo­
nium hexafluorophosphate from the corresponding aryliodo­
nium diacetate and anisole. (83.3%) 

Example 7 

Preparation of 

15 the remaining product was taken up in dichloromethane and 
washed with basic water (PH=II). The aqueous wash was 
extracted with dichloromethane 3x15 mL. The organic frac­
tions were combined and dried over sodium sulfate. Solvent 
was removed to give the crude product, which was then puri-

3 -cyanophenyl-4' -methoxypheny liodonium 
hexafluorophosphate 

20 fied by colunm chromatography. Calculated yield: 1.8 g 
(34%). 

3-cyanophenyl-4'-methoxyphenyliodonium hexafluoro­
phosphate was synthesized according to the procedure 
described for the synthesis of bis(p-methoxyphenyl)iodo- 25 

nium hexafluorophosphate from the corresponding aryliodo­
nium diacetate and anisole. (73.7%) 

Example 8 

Example 12 

Preparation of 3 ,4-dimethoxypheny Itributy Itin 

Preparation of 3 -( trifluoromethy l)phenyl-4' -methox­
yphenyliodonium hexafluorophosphate 

3-( trifluoromethy I )pheny 1-4' -methoxypheny liodonium 
hexafluorophosphate was synthesized according to the pro­
cedure described for the synthesis ofbis(p-methoxyphenyl) 
iodonium hexafluorophosphate from the corresponding aryli­
odonium diacetate and anisole. (96.1 %) 

3,4-dimethoxyphenyltributyltin: Under N2 protection, 
1.085 g (5 mmol) 4-bromoveratrole and 289 mg (5 mol %) 
Pd(0)(PPh3)4 was dissolved in 15 mL of dry toluene, the 
solution was transferred into a storage tube equipped with a 

30 Teflon Chemcap Seal, and 3.19 g (5 mmol) hexabutylditin 
was added. The tube was sealed, heated to, and kept at 1200 C. 
for 48 hours. The reaction mixture was allowed to cool to 
room temperature, and diluted with 15 mL hexane. 15 mL of 
saturated aqueous KF solution was added and the mixture was 

35 stirred for 30 minutes followed by filtration through celite. 
The organic layer was separated; solvent was removed to 
provide the crude product as a yellow oil. The crude was 
purified by colunm chromatography (hexane/dichlo­
romethane 98/2, basic aluminum) to give 1.69 g (79.1 %) pure 

Example 9 40 3,4-dimethoxyphenyltributyltin. 

Preparation of 
2,6-dimethoxypheny 1-4' -methoxypheny liodonium 

hexafluorophosphate 

2, 6-dimethoxypheny 1-4' -methoxyphenyliodonium 
hexafluorophosphate was synthesized according to the pro­
cedure described for the synthesis ofbis(p-methoxyphenyl) 
iodonium hexafluorophosphate from the corresponding aryli-

45 

odonium diacetate and anisole. (86%) 50 

Example 10 

Preparation of 
2-Bromo-4,5-dimethoxylbenzeneethanamine 55 

2-Bromo-4,5 -dimethoxylbenzeneethanamine: Bromine 
(1.1 mL, 22 mmol) in acetic acid (10 mL) was slowly added 
into a vigorously stirred solution of2-(3,4-dimethoxyphenyl) 
ethyl amine (3.4 mL, 20 mmol) in 50 mL acetic acid. 60 

2-bromo-4,5-dimethoxylbenzeneethanamine precipitated 
out after 15 minutes. The mixture was stirred for another two 
hours, filtered, and washed with dichloromethane 10 mLx3 
and petroleum ether 10 mLx3. The resulting solid was taken 
up in water and the pH was brought to 10 with aqueous KOH 65 

solution. Extraction with dichloromethane followed by 
evaporation of the solvent yielded 4.12 g (78%) 2-Bromo-4, 

Example 13 

Preparation of 
3,4-dimethoxy-2-methylphenyltributyltin 

3,4-dimethoxy-2-methylphenyltributyltin was synthesized 
in a similar fashion as described in the procedure for the 
synthesis of 3,4-dimethoxyphenyltributyltin from the corre­
sponding bromo precursor. (76.2%) 

Example 14 

Preparation of 
3 ,4-dimethoxy-2-(2-phthalimido )pheny Itributyltin 

3,4-dimethoxy-2-(2-phthalimido )phenyltributyltin was 
synthesized in a similar fashion as described in the procedure 
for the synthesis of 3,4-dimethoxyphenyltributyltin from the 
corresponding bromo precursor. (20%) 

Example 15 

3,4-dimethoxypheny 1-4' -methoxypheny liodonium 
hexafluorophosphate 

3 ,4-dimethoxypheny 1-4' -methoxypheny liodonium 
hexafluorophosphate: Under N2 protection, 352 mg (1 mmol) 
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p-methoxyphenyliodonium diacetate was dissolved in 1.5 

mL of dry acetonitrile. The solution was combined with a 

solution of 190 mg (1 mmol) tosylic acid monohydrate in 1.5 

mL of dry acetonitrile. After addition of 427 mg (1 mmol) 5 

3,4-dimethoxyphenyltributyltin, the mixture was allowed to 

react at room temperature for 2 hours. 10 mL of water was 

added to the reaction mixture followed by extraction with 3x5 10 

mL hexanes. The water layer was treated with 502 mg (3 

mmol) NaPF6 . The white precipitation was taken up in 

dichloromethane and recrystallization with diethyletherl 
15 

dichloromethane provided 370 mg (71.7%) 3,4-dimethox-

46 
Example 19 

Preparation of Phenyl-4-methoxyphenyliodonium 
fluoride 

Phenyl-4-methoxyphenyliodonium fluoride was synthe­
sized in a similar fashion as the procedure described for 
2-methoxypheny 1-4' -methoxypheny liodonium fluoride from 
corresponding hexafluorophosphate. (96%) 

Example 20 

Preparation of 
3 -cyanophenyl-4' -methoxypheny liodonium fluoride 

yphenyl-4'-methoxyphenyliodonium hexafluorophosphate. 

Example 16 

3-cyanophenyl-4'-methoxyphenyliodonium fluoride was 
synthesized in a similar fashion as the procedure described for 
2-methoxypheny 1-4' -methoxypheny liodonium fluoride from 

20 corresponding hexafluorophosphate. (25%) 

Preparation of 3 ,4-dimethoxy -2-methy Ipheny 1-4'­
methoxyphenyliodonium hexafluorophosphate 

Example 21 

25 Preparation of 3 -( trifluoromethyl )phenyl-4' -methox-
yphenyliodonium fluoride 3,4-dimethoxy -2-methy Ipheny 1-4' -methoxypheny liodo­

nium hexafluorophosphate was synthesized in a similar fash­
ion as 3,4-dimethoxyphenyl-4'-methoxyphenyliodonium 
hexafluorophosphate from p-methoxyphenyliodonium diac­
etate and the corresponding aryl tin precursor. (75%) 

3 -( trifluoromethy I)pheny 1-4' -methoxyphenyliodonium 
fluoride was synthesized in a similar fashion as the procedure 

30 described for 2-methoxyphenyl-4'-methoxyphenyliodonium 
fluoride from corresponding hexafluorophosphate. (56%) 

Example 17 

Preparation of 3,4-dimethoxy-2-(2-phthalimidoethyl) 
phenyl-4'-methoxyphenyliodonium hexafluorophos­

phate 

35 

3,4-dimethoxy-2-(2-phthalimidoethyl)phenyl-4'-methox- 40 

yphenyliodonium hexafluorophosphate hexafluorophosphate 
was synthesized in a similar fashion as 3,4-dimethoxyphenyl-
4'-methoxyphenyliodonium hexafluorophosphate from 
p-methoxyphenyliodonium diacetate and the corresponding 
aryl tin precursor. (55%) 45 

Example 18 

Example 22 

Preparation of 
2, 6-dimethoxypheny 1-4' -methoxypheny liodonium 

fluoride 

2,6-dimethoxyphenyl-4'-methoxyphenyliodonium fluo­
ride was synthesized in a similar fashion as the procedure 
described for 2-methoxypheny 1-4' -methoxyphenyliodonium 
fluoride from corresponding hexafluorophosphate. (15%) 

Example 23 

Preparation of 
3,4-dimethoxypheny 1-4' -methoxypheny liodonium 

Preparation of 50 fluoride 
2-methoxyphenyl-4' -methoxypheny liodonium 

fluoride 

2-methoxypheny 1-4' -methoxypheny liodonium fluoride: 

3 ,4-dimethoxypheny 1-4' -methoxypheny liodonium fluo­
ride was synthesized in a similar fashion as the procedure 
described for 2-methoxypheny 1-4' -methoxyphenyliodonium 

55 fluoride from corresponding hexafluorophosphate. (90%) 
Under N2 protection, 97.2 mg (0.2 mmol) 2-methoxyphenyl-

4'-methoxyphenyliodonium hexafluorophosphate and 17.7 

mg (0.95 equiv) anhydrous tetramethylammonium fluoride 

(TMAF) were dissolved in 1 mL dry acetonitrile. The solvent 60 

was removed in vacuo followed by addition of 5 mL of dry 

benzene. The insoluble TMAPF 6 was removed by filtration; 

the solvent was again removed in vacuo to give 30.3 mg 
65 

(42%) 2-methoxyphenyl-4'-methoxyphenyliodonium fluo-

ride. 

Example 24 

Preparation of 3,4-dimethoxy-2-methylphenyl-4'­
methoxypheny liodonium fluoride 

3 ,4-dimethoxy -2-methy Ipheny 1-4' -methoxypheny liodo­
nium fluoride was synthesized in a similar fashion as the 
procedure described for 2-methoxyphenyl-4'-methoxyphe­
nyliodonium fluoride from corresponding hexafluorophos­
phate. (80%) 
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Example 25 

Preparation of 3,4-dimethoxy-2-(2-phthalimidoethyl) 
phenyl-4' -methoxypheny liodonium fluoride 

3,4-dimethoxy-2-(2-phthalimidoethyl)phenyl-4'-methox­
yphenyliodonium fluoride was synthesized in a similar fash­
ion as the procedure described for 2-methoxyphenyl-4'-meth-

48 
mL of dry tetrahydrofuran (THF). The solution was allowed 
to stand for 1 hour, the white precipitate was collected and 
washed with 3xO.5 mL THF. 

Calculated yield: 288.7 mg (80.2%) 

Example 27 

oxyphenyliodonium fluoride from corresponding 10 
Diaryliodonium fluoride Decomposition 

hexafluorophosphate. (45%) 

Example 26 

Preparation of Bis(p-methoxyphenyl)iodonium 
fluoride 

In a glove box, 0.5 mL dry d6-benzene was added to 0.02 

mmol of the diaryliodonium fluoride, the solution/mixture 

15 was transferred to a J-Young NMR tube. The tube was heated 

to and kept at 1400 C. for 5-15 minutes. The resulting solution 

was analyzed by NMR and GC for product determination. 

Bis(p-methoxyphenyl)iodonium fluoride: To a mixture of 20 

454 mg (1 mmol) Bis(p-methoxyphenyl)iodonium trifluoro­
acetate and 262 mg (1 mmol) anhydrous TBAF was added 1 

Observed yields of thermal decompositions of the diaryli­
odonium fluorides prepared above are described in Table 1. 

TABLE 1 

Entry Diaryliodoniurn fluoride 

2 

-0 

\-0-L-{ ) 
4 -0 

\-0-1~ ) 
-0 

F 

\-0-L-Q-\ 
0 

/ 

\-0-LQ\ 
0 

/ 

Yield of total 
fluoro 

aromatics Yield of ArF Conditions 

77% (94%) 57% (80%) benzene, 
140 0 c., 15 min 

65% (77%) 40% (70%) acetonitrile 
140 0 c., 15 min 

99% (94%) 86%* (80%) benzene, 
140 0 c., 18 min 

43% (38%) 43% (38%) acetonitrile 
140 0 c., 18 min 

82% (80%) 49% (48%) benzene, 
140 0 c., 15 min 

60% (58%) 40% (38%) acetonitrile 
140 0 c., 15 min 

47% (44%) 19% (17%) benzene, 
140 0 c., 15 min 

34% (32%) 7%(8%) acetonitrile 
140 0 c., 15 min 

91% (88%) 77% (74%) benzene, 
140 0 c., 15 min 

38% (39%) 30% (28%) acetonitrile 
140 0 c., 15 min 

90% (92%) 78% (82%) benzene, 
140 0 c., 11 min 

81% (78%) 49% (48%) acetonitrile 
140 0 c., 11 min 
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TABLE I-continued 

Yield of total 
fluoro 

Entry Diaryliodoniurn fluoride aromatics 

7 F 89% (90%) \-0-I--{ ( 78% (77%) 

CN 

F 95% (92%) 

\-0-1---\ ( 67% (76%) 

CF3 

9 0- 80% 

F \-0-1 / 0 

ifo 1# 
10 -0 60% 

F 0-0-' 1 / -

-0 

( ) determined by GC 
*benzyne chemistry led to the formation of3-fluoroanisole 

Examples 28 

50 

Impact of Additional Salts on F -MTEB 

The effect of salt present in solution during the decompo-

sition of (3-cyano-5-((2-methylthiazol-4-yl)ethynyl)phenyl) 55 

(4-methoxyphenyl)iodonium triflate (Ar-MTEB-OTf) was 

examined at 90° C, in benzene and acetonitrile, Each solvent 

was tested in the absence of salt, presence of 1 equivalent of 60 

salt, and presence of 2 equivalents of salt The preparation of 

each reaction condition is summarized below, A TMAF stock 

solution of3,3 mg/mL in dry, degassed acetonitrile was pre- 65 

pared for addition to each reaction tube, 

50 

Yield ofArF Conditions 

89% (90%) benzene, 
140 0 c., 5 min 

78% (77%) acetonitrile 
140 0 c., 5 min 

85% (84%) benzene, 
140 0 c., 10 min 

68% (76%) acetonitrile 
140 0 c., 10 min 

80% benzene, 
(no 140 0 c., 15 min 
fluoroanisole 
detected) 

40% benzene, 
140 0 c., 15 min 

s 

A~ 
N 

CN 

Ar-MTEB-OTf 

Acetonitrile No Salt 
Iodonium triflate precursor (0,004 g, 6,6 flmol) was dis­

solved in 0,38 mL of dry, degassed acetonitrile, under nitro­
gen atmosphere, with 18 flL ofTMAF (6,6 flmol) stock solu­
tion, Next, 0,4 mL of dry, degassed benzene was added to the 
residue and passed twice through 0,22 flm PTFE membrane 
filter, The solution was again subjected to vacuum to remove 
solvent and the remaining residue was dissolved in 0,4 mL of 
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dry, degassed d3 -acetonitrile. The reaction mixture was 
placed in a silicon oil bath and monitored at 90° C. 
Acetonitrile+l eq. TMAOTf 

Under nitrogen atmosphere, iodonium triflate precursor 
(0.004 g, 6.6 flmol) was dissolved in 0.38 mL dry, degassed 5 

d3 -acetonitrile, and combined with 18 flL of TMAP (6.6 
flmol) stock solution. The reaction mixture was placed in 
silicon oil bath and monitored at 90° C. 
Acetonitrile+2 eq. TMAOTf 

Under nitrogen atmosphere, iodonium triflate precursor 10 

(0.004 g, 6.6 flmol) was dissolved in 0.38 mL dry, degassed 
d3 -acetonitrile and combined with 18 flL ofTMAP (6.6 flmol) 
stock solution, with a subsequent addition oftetramethylam­
monium triflate (0.0015 g, 6.6 flmol) to the reaction mixture. 
The solution was then placed in a silicon oil bath and moni- 15 

tored at 90° C. 

52 
labeled MTEB was seen by radio-TLC. Additional micro­
wave heating for 3 or 6 minutes resulted in no lsp_MTEB. 

Run 2: A solution of Ar-MTEB-OTf (2 mg) in 300 flL 
DMSO was added to the dried Kryptofix 222/K2C03 K1Sp 
source and heated in a conventional oil bath at 120° C. for 15 
minutes. No detectable radiolabeled MTEB was seen by 
radio-TLC. Purther heating for 15 or 30 minutes resulted in 
the formation of no detectable lsp_MTEB. 

Por runs 3 and 4, a solution of eSp]TBAP was prepared by 
addition of TBAOH to the [lsO]H20 solution containing 
eSp]fluoride. Drying was performed in vacuo. The resulting 
solid was treated with 800 flL ofCH3 CN and dried by heating 
to 80° C. under a stream of dry nitrogen. 

Run3:A solutionofAr-MTEB-OTf(2 mg) in300 flL DMP 
was added to the eSp]TBAP and heated in at 150° C. oil bath 
for 15 minutes, 30 minutes, and one hour. No detectable 
radio labeled MTEB was seen by radio-TLC. 

Benzene No Salt 
Under nitrogen atmosphere, iodonium triflate precursor 

(0.004 g, 6.6 flmol) was dissolved in 0.38 mL dry degassed 
acetonitrile and combined with 18 flL ofTMAP (6.6 flmol) 
stock solution. The acetonitrile was removed by vacuum and 
the remaining residue was redissolved in 0.4 mL dry, 
degassed d6-benzene. The solution was passed twice through 
0.22 flm PTPE filter, sealed under nitrogen, and monitored in 
silicon oil bath at 90° C. 

Run 6: A solution of Ar-MTEB-OTf (2 mg) in 300 flL 
DMSO was added to the eSp]TBAP and heated in at 120° C. 
oil bath for 15 minutes, 30 minutes, and one hour. A yield of 

20 6.3% of radiolabeled MTEB was seen by radio-TLC. 

25 

Benzene+l eq.TMAOTf 
Under nitrogen atmosphere, iodonium triflate precursor 

(0.004 g, 6.6 flmol) was dissolved in 0.38 mL dry, degassed 
acetonitrile and combined with 18 flL ofTMAP (6.6 flmol) 
stock solution. The acetonitrile was removed by vacuum and 30 

the remaining residue was redissolved in 0.4 mL dry, 
degassed d6 -benzene. The reaction mixture was sealed under 
nitrogen and monitored in silicon oil bath at 90° C. 
Benzene+2 eq. TMAOTf 

Under nitrogen atmosphere, iodonium triflate precursor 35 

(0.004 g, 6.6 flmol) was dissolved in 0.38 mL dry, degassed 
d3 -acetonitrile and combined with 18 flL ofTMAP (6.6 flmol) 
stock solution, with a subsequent addition oftetramethylam­
monium triflate (0.0015 g, 6.6 flmol) to the reaction mixture. 
The acetonitrile was removed by vacuum and the remaining 40 

residue was redissolved in 0.4 mL d6-benzene. The solution 
was then placed in a silicon oil bath and monitored at 90° C. 

The results of these experiments are shown in PIGS. 1 and 
2. It is clear that added salt has a large negative impact on the 
yield of the reaction in acetonitrile, but not as significant an 45 

impact on the results for the decomposition reaction per­
formed in the nonpolar solvent benzene. This latter result may 
be due to the fact that TMAOTf is only sparingly soluble in 
benzene. 

Example 29 

Pluorinations of Radiofluorination of MTEB under 
Conventional Conditions 

Por each reaction the iodonium precursor Ar-MTEB-OTf 
(2 mg) was dissolvent in 300 flL of either acetonitrile, DMP, 
orDMSO. 

50 

55 

Preparation of Kryptofix 222/K2C03 lSp source: A mix­
ture of50-100 flL ofe sO]H20 with e Sp]fluoride+15 flL of! 60 

M K2 C03 (aq)+800 flL CH3 CN was heated for 3 minutes in a 
microwave cell at 20 W. The mixture was treated with 800 flL 
of CH3CN and heated again. Excess solvent was removed 
under a stream of dry nitrogen at 80° C. 

Run l:AsolutionofAr-MTEB-OTf(2mg)in300 flLDMP 65 

was added to the dried Kryptofix 222/K2C03 K lSp source and 
heated in a microwave (50 W, 1.5 min). No detectable radio-

Example 30 

Preparation of lSp -MTEB with Salt Removal 

eSp]TBAP was dried twice with MeCN at 90° C. under 
reduced pressure (-10 mmHg). Ar-MTEB-OTf (2 mg) was 
dissolved in MeCN (300 flL) and added to the vial containing 
the dried [lsp]TBAP. The reaction mixture was stirred at 90° 
C. and the MeCN was evaporated under reduced pressure 
(-10 mm Hg). The remaining residue was re-dissolved in 2 
mL of dry benzene, passed through 0.22-mm syringe filter, 
and heated to 100° C. for 20 minutes (radiochemical yield 
(RCY)=ca 70%, determined by radio-HPLC and radio-TLC) 

Example 31 

Preparation of lSp -MTEB with Salt Removal 

eSp]TBAP was dried twice with MeCN at 90° C. under 
reduced pressure (-10 mmHg). Ar-MTEB-OTf (2 mg) was 
dissolved in MeCN (300 flL) and added to the vial containing 
the dried eSp]TBAP. The reaction mixture was stirred at 90° 
C. and the MeCN was evaporated under reduced pressure 
(-10 mm Hg). The remaining residue was re-dissolved in 2 
mL of dry benzene, passed through 0.22-mm syringe filter, 
and heated to 130° C. for 20 minutes (radiochemical yield 
(RCY)=ca 90%, determined by radio-HPLC and radio-TLC) 

Example 32 

Preparation of [lsp]-6-Pluoro-L-DOPA 

MeO 

Ar-LDOPA-OTf 
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Ar-LDOPA-OTf (2 mg) is dissolved in 300 flL of dry 
acetonitrile and added to a vial containing dry [1sF]TBAF. 
The solution is warmed to 90° C. and the solvent is removed 
under reduced pressure. Dry toluene (500 flL) is added to the 
residue and the solution is passed through a 0.22 flm PTFE 5 

membrane filter and heated (in a sealed vessel) to 130° C. for 
20 minutes. The solvent is removed under reduced pressure 
and the residue is treated with 48% HBr (500 flL) and heated 
at 140° C. for 8 minutes to remove the protecting groups. The 
e sF]_6_ Fluoro-L-DOPA is purified by reverse phase chroma _ 10 

tography. 

Example 33 

General Procedure for the Preparation of Fluorinated 
Aryl Amino Acids and Their Derivatives 

15 

The appropriate (4-methoxyphenyl)aryliodonium triflate 20 

(2-3 mg) is dissolved in 300 flL of dry acetonitrile and added 
to a vial containing dry [1sF]TBAF. The solution is warmed to 
90° C. and the solvent is removed under reduced pressure. 
Dry toluene or benzene (500 flL) is added to the residue and 
the solution is passed through a 0.22 flm PTFE membrane 25 

filter and heated (ina sealed vessel) to 130° C. for 20 minutes. 
The solvent is removed under reduced pressure and the resi­
due is treated with 48% HBr (500 flL) and heated at 140° C. 
for 8 minutes to remove the protecting groups. The eSF]- 30 

fluorinated aryl amino acid or derivative is purified by reverse 
phase chromatography. 

Example 34 
35 

Preparation of 6-Fluoro-L-DOPA 

The precursor Ar-LDOPA-OTf (20 mg) was dissolved in 
0.7 mL of dry CD3 CN and treated with one equivalent of 40 

TMAF. The solvent was removed and the residue was dis­
solved in 0.7 mL of d6 -benzene, placed in an NMR tube 
equipped with a PTFE valve, and heated to 140° C. for 20 
minutes. 1H and 19F NMR spectra (FIGS. 3 and 4) indicated 45 

that the yield of the reaction was 85% and that the yield of 
4-f1uoroanisole was approximately 1 %. 

Example 35 
50 

Deprotection of 6-Fluoro-L-DOPA 

The solvent was removed from the reaction mixture con­
taining crude 6-f1uoro-L-DOPA (Example 34). The residue 55 

was dissolved in 1 mL of 48% aqueous HBr and the solution 
was heated to 140° C. for 10 minutes. The solution was 
neutralized with sodium bicarbonate and the water was 
evaporated. 1 Hand 19F NMR spectra (D20) were identical to 60 

the authentic standard, as was confirmed by adding indepen­
dently obtained 6-f1uoro-L-DOPA to the NMR tube. 

A number of embodiments of the invention have been 
described. Nevertheless, it will be understood that various 
modifications may be made without departing from the spirit 65 

and scope of the invention. Accordingly, other embodiments 
are within the scope of the following claims. 

54 
What is claimed is: 
1. A method for making a compound of Formula (3): 

Ar'-F 

wherein: 
Ar2 is an aryl or heteroaryl ring system; 
the method comprising reacting in a polar solvent a com­

pound MF, wherein M is a counter ion, and a compound 
of Formula (2): 

wherein: 
Ar1 is an electron rich aryl or heteroaryl ring system; 
Y is a leaving group; and 
Ar2 is as defined above; 

2 

removing the polar solvent from the reaction mixture; and 
heating a solution comprising the remaining mixture and a 

nonpolar solvent. 
2. A method for making a compound of Formula (3): 

Ar'-F 

wherein: 
Ar2 is an aryl or heteroaryl ring system; 
the method comprising heating a mixture comprising a 

nonpolar solvent, a compound MF, wherein M IS a 
counter ion, and a compound of Formula (2): 

wherein: 
Ar1 is an electron rich aryl or heteroaryl ring system; 
Y is a leaving group; and 
Ar2 is as defined above. 
3. A method for making a compound of Formula (3): 

Ar'-F 

wherein: 
Ar2 is an aryl or heteroaryl ring system; 

2 

the method comprising reacting in a polar solvent a com­
pound MF, wherein M is a counter ion, and a compound 
of Formula (2): 

wherein: 
Ar1 is an electron rich aryl or heteroaryl ring system; 
Y is a leaving group; and 
Ar2 is as defined above; 

2 

removing the polar solvent from the reaction mixture; 
combining the remaining mixture with a nonpolar solvent; 
filtering the resulting mixture to remove insoluble mate-

rial; and 
heating the filtrate. 
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4. A method for making a compound of Formula (3): 

M-F 

wherein: 

M is an aryl or heteroaryl ring system; 

the method comprising reacting in a nonpolar solvent a 
compound MF, wherein M is a counter ion, and a com­
pound of Formula (2): 

wherein: 

Arl is an electron rich aryl or heteroaryl ring system; 

Y is a leaving group; and 

M is as defined above; 

2 

filtering the reaction mixture to remove insoluble material; 
and 

heating the filtrate. 

5. The method of anyone of claims 1-4, whereinArl-H is 
more easily oxidized than benzene. 

10 

15 

20 

25 

6. The method of anyone of claims 1-4, wherein X is a 
radioactive isotope. 30 

7. The method of anyone of claims 1-4, wherein Arl is 
substituted with at least one substituent having a Hammett op 
value ofless than zero. 

8. The method of claim 7, wherein the substituent is chosen 35 

from: 

-(Cl -ClO)alkyl, -(Cl-ClO)haloalkyl, (C2-ClO)alkenyl, 
(C2-ClO)alkynyl, -O-(Cl -ClO)alkyl, -C(O)-O­
(Cl-ClO)alkyl, aryl, and heteroaryl. 

40 
9. The method of anyone of claims 1-4, wherein the F is a 

radioactive isotope of fluorine. 

10. The method of any one of claims 1-4, whereinArl and 
Ar2 are the same. 

11. The method of anyone of claims 1-4, wherein Arl is: 45 

50 

55 

wherein: 

Rl, R2, R3
, R4

, and R5 are independently chosen from: H, 
-(Cl-ClO)alkyl, -(Cl-ClO)haloalkyl, (C2-ClO)alk­
enyl, (C2-ClO)alkynyl, -O-(Cl -ClO)alkyl, ---C(O)- 60 

O-(Cl-ClO)alkyl, aryl, and heteroaryl, or two or more 
ofRl, R2, R3

, R4
, and R5 come together to form a fused 

aryl or heteroaryl ring system. 

12. The method of anyone of claims 1-4, wherein Ar2 is 
chosen from a phenylalanine derivative, tyrosine derivative, 65 

typtophan derivative, histidine derivative, and an estradiol 
derivative. 

56 
13. The method of anyone of claims 1-4, wherein Ar2 is 

chosen from: 

OMe 

Me 

OMe 

OMe 
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-continued 

10 

wherein: 
each of pI , p2 and p6 are independently a nitrogen protect- 15 

ing group, or pI and p2 come together to form a single 
nitrogen protecting group; 

each ofp3, p4 and p7 are independently an alcohol protect­
ing group, or p3 and p4 come together to form a single 20 

oxygen protecting group; and 

p5 is a carboxylic acid protecting group. 

14. The method of anyone of claims 1-4, wherein the 
nonpolar solvent is chosen from: benzene, toluene, o-xylene, 
m-xylene, p-xylene, ethyl benzene, carbon tetrachloride, hex- 25 

ane, cyclohexane, fluorobenzene, chlorobenzene, nitroben­
zene, and mixtures thereof. 

15. The method of claim 14, wherein the nonpolar solvent 
comprises benzene. 

30 
16. The method of claim 14, wherein the nonpolar solvent 

comprises toluene. 

17. The method of anyone of claims 1-4, wherein the 
heating comprises heating at a temperature ranging from 
about 25° C. to about 250° C. 

18. The method of claim 17, wherein the heating occurs for 
from about 1 second to about 25 minutes. 

19. The method of claim 17, wherein the heating is accom­
plished by a flash pyrolysis method, a conventional heating 
method, or by a microwave method. 

20. The method of anyone of claims 1 and 2, wherein the 
mixture comprising the nonpolar solvent is filtered prior to 
heating. 

35 

40 

21. The method of anyone of claims 1 and 3, wherein the 45 

polar solvent is chosen from: acetonitrile, acetone, dichlo­
romethane, ethyl acetate, tetrahydrofuran, dimethylfonna­
mide, 1,2-difluorobenzene, benzotrifluoride and mixtures 
thereof. 

22. The method of anyone of claims 1-4, wherein Y is 50 

chosen from triflate, mesylate, nonaflate, hexaflate, tosylate, 
nosylate, brosylate, perfluoroalkyl sulfonate, tetraphenylbo­
rate, hexafluorophosphate, trifluoroacetate, tetrafluoroborate, 
perchlorate, perfluoroalkylcarboxylate, chloride, bromide, 
and iodide. 55 

23. The method of anyone of claims 1-4, wherein M is 
chosen from: potassium, sodium, cesium, complexes of 
lithium, sodium, potassium, or cesium with cryptands or 
crown ethers, tetrasubstituted ammonium cations, and phos­
phonium cations. 

24. The method of anyone of claims 3 and 4, wherein the 
insoluble material comprises insoluble salts. 

25. The method of anyone of claims 3 and 4, wherein the 
solvent is removed from the filtrate prior to heating. 

26. The method of anyone of claims 1-4, wherein the 
compound of Fonnula (2) is chosen from: 

60 

65 

wherein: 

62 

y 

I 
I 
~1 

each of pI and p2 are independently a nitrogen protecting 
group, or pI and p2 come together to fonn a single 
nitrogen protecting group; 

each ofp3, and p4 are independently an alcohol protecting 
group, or p3 and p4 come together to fonn a single 
oxygen protecting group; and 

p5 is a carboxylic acid protecting group. 
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27. The method of anyone of claims 1-4, wherein the 
compound of Formula (3) is chosen from: 

F 

Op4 OP4 

pI p2 
.......... N/ 

pI p2 
.......... N/ 

0 
........ p5 

0 
........ p5 

F 

F 

OP4 

pI p2 
.......... N/ 

p2 pI 
......... N/ 

0 /0 
........ p5 p5 

F 

OP3 

F 

wherein: 
each of pI and p2 are independently a nitrogen protecting 

group, or pI and p2 come together to form a single 
nitrogen protecting group; 

each ofp3, and p4 are independently an alcohol protecting 
group, or p3 and p4 come together to form a single 
oxygen protecting group; and 

p5 is a carboxylic acid protecting group. 
28. The method of anyone of claims 1-4, wherein the 

compound of Formula (2) is chosen from: 

y 

I 
I 

......... Arl 

eN 

64 
-continued 

10 
eN 

15 

Y 

I 
I 
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20 

eN 
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25 ----< Y 
N I 
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"-rul 

30 

eN 
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< 35 Y 
N I 

I 
"-rul 

40 

eN 

~N 
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45 I 
I 
"-rul 

50 
eN 

29. The method of anyone of claims 1-4, wherein the 

55 
compound of Formula (3) is chosen from: 

60 

F 

65 

eN 
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-continued 
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eN 
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eN 
s 

( 
N 

F 

eN 

~N 
-N 

~ 

F. 
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30. The method of anyone of claims 1-4, wherein the 
compound of Formula (2) is chosen from: 

66 
-continued 

y 

I 
Arl/'" 

I 

p4-0 

10 

wherein: 

each ofP3 and p4 are independently an alcohol protecting 

15 
group. 

31. The method of anyone of claims 1-4, wherein the 
compound of Formula (3) is chosen from: 

20 

25 

p4-0 

F 

OP3 

30 

F 

35 

wherein: 

40 each ofP3 and p4 are independently an alcohol protecting 
group. 

32. The method of anyone of claims 1-4, wherein the 
compound of Formula (2) is: 

45 

pI p2 
"N/ 

50 

55 

wherein: 

60 each of pI and p2 are independently a nitrogen protecting 

65 

group, or pI and p2 come together to form a single 
nitrogen protecting group; 

each ofp3, and p4 are independently an alcohol protecting 
group, or p3 and p4 come together to form a single 
oxygen protecting group; and 

p5 is a carboxylic acid protecting group. 



US 8,604,213 B2 
67 

33. The method of claim 32, wherein the compound of 
Formula (2) is: 

34. The method of claim 32, wherein the compound of 
Formula (2) is: 

MeO 

35. The method of anyone of claims 1-4, wherein the 
compound of Formula (3) is: 

10 

15 

20 

25 

30 

35 

40 

45 

50 

68 
wherein: 

each of pI and p2 are independently a nitrogen protecting 
group, or pI and p2 come together to form a single 
nitrogen protecting group; 

each ofp3, and p4 are independently an alcohol protecting 
group, or p3 and p4 come together to form a single 
oxygen protecting group; and 

p5 is a carboxylic acid protecting group. 

36. The method of claim 35, wherein the compound of 
Formula (3) is: 

37. The method of anyone of claims 1-4, wherein the 
compound of Formula (3) is: 

~H2 

OH. 

F 

HO 

* * * * * 
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