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(57) ABSTRACT 

The present invention relates to a method for synthesizing a 
radiopharmaceutical using a cartridge, which makes it pos 
sible to carry out several steps of reaction required for 
synthesizing a radiopharmaceutical in the cartridge filled 
with a polymer. A method for synthesizing a radiopharma 
ceutical according to the present invention enables each 
steps reaction to be carried out with the solution confined in 
the cartridge so as not to flow out, thus being simplified 
compared to the conventional methods for synthesizing 
radiopharmaceuticals, and expediting the synthesis thereof. 

15 Claims, No Drawings 
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1. 

METHOD FOR SYNTHESIZING 
RADIOPHARMACEUTICALS USINGA 

CARTRIDGE 

TECHNICAL FIELD 

The present invention relates to a method for synthesizing 
a radiopharmaceutical useful in the nuclear medicine field. 

BACKGROUND ART 

Molecular imaging is a technology in which a disease 
specific image is obtained using a compound targeting a 
certain disease, and is applied to the diagnosis and treatment 
of the disease. For use in nuclear medicine imaging, radio 
isotopes should emit high bio-penetration radiation that can 
penetrate deeply into the body and be of high sensitivity. 
Hence, they are useable as radiotracers which guarantee 
good bio-images when used even in trace amounts. Repre 
sentative among nuclear medicine imaging technologies are 
SPECT (single photon emission computed tomography) and 
PET (positron emission tomography). Since these technolo 
gies are configured to employ radioisotopes with a relatively 
short half-life, the radiotracers should be synthesized within 
a short period of time. Further, when a high radiation dose 
is used for clinical application, the overall production pro 
cedure of radiotracers, including synthesis, purification, 
formulation, etc., should be performed by an automatic 
system in a radiation-shielded space. Fabricated on the basis 
of a labeling reaction in liquid phase, automatic synthesizers 
developed so far require both very complex synthesis pro 
cesses and a long period of time for the production of 
radiotracers, with a low synthesis yield. There is therefore a 
continuous need for a method for effectively synthesizing a 
radiopharmaceutical. 

RELATED ART DOCUMENT 

Korean Patent Application Unexamined Publication No. 
2012-00894.17 

DISCLOSURE 

Technical Problem 

It is an object of the present invention to provide a method 
for synthesizing a radiopharmaceutical, simply, at a high 
yield, within a short period of time. 

It is another object of the present invention to provide a 
method for synthesizing a radiopharmaceutical by which 
multiple steps of chemical reactions necessary for labeling 
can be conducted within a single cartridge. 

Technical Solution 

Leading to the present invention, intensive and thorough 
research into the synthesis of radiopharmaceuticals, resulted 
in the finding that multiple steps of a synthesis procedure can 
be carried out within one single cartridge. 

In accordance with an aspect thereof, the present inven 
tion provides a method for synthesizing a radiopharmaceu 
tical, using a polymer-filled cartridge, comprising: 

(S1) passing a radioisotope Solution through a polymer 
filled cartridge to trap a radioisotope; 

(S2) loading reaction solution 1 to the cartridge; 
(S3) labeling a precursor with the radioisotope entrapped 

by the cartridge in which the solution 1 is confined; and 
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2 
(S4) eluting the radioisotope-labeled compound from the 

cartridge. 
In one embodiment, the synthesis method of radiophar 

maceuticals may further comprise either loading reaction 
Solution 2 for deprotection to the cartridge and deprotecting 
the radioisotope-labeled compound within the cartridge, or 
loading reaction solution 3 for conjugation to the cartridge 
and conjugating the radioisotope-labeled compound with a 
disease-targeting compound within the cartridge, prior to the 
elution of the radioisotope-labeled compound from the car 
tridge (S4). 
As needed, the method may further comprise washing and 

drying the cartridge after each of the steps. 
As used herein, the term “radioisotope' is intended to 

include radioisotopes useful for diagnosis and therapy of 
diseases in the nuclear medicine field, and the term “pre 
cursor refers to a compound labeled with a radioisotope. 
The term "cartridge', as used herein, means a long cylin 
drical column with a hole at each terminus. The term 
"conjugation', as used herein means the coupling of the 
radioisotope-labeled compound with a disease-targeting 
compound. 
The present invention is characterized by performing 

multiple steps of reactions in a single polymer-filled car 
tridge where the reaction Solution of each step is confined. 
Further, in order to facilitate the reaction in each step, an 
effervescence phenomenon may be utilized or bubbles may 
be generated by aeration. 

In one embodiment, the cartridge of step S1 may be filled 
with either: 

1) a polymer; or 
2) a polymer and a precursor, together. 
In the case of 1), the precursor may be used in mixture 

with reaction solution 1. 
In addition, the reaction solution 1 of step S2 may be 

mixed with a phase transition catalyst to promote the label 
ing of the precursor with the radioisotope. 
The polymer useful in the present invention preferably 

has a structure represented by the following Chemical 
Formula 1-1 or 1-2: 

Chemical Formula 1-1 

GE) 

G-Geo-Ox 
Chemical Formula 1-2 

GE) 

GO-Geo-GO 
In Chemical Formulas 1-1 and 1-2, 
Support may be a non-soluble organic polymer selected 

from the group consisting of polystyrene, polyacrylic acid, 
polyacrylate, polyacrylamide, polyacrylonitrile, polyethyl 
ene glycol, polyester, polyethylene, polypropylene, polyvi 
nylalcohol, polyethyleneimine, polymethyleneoxide, cellu 
lose, and a combination thereof, or a non-soluble inorganic 
oxide selected from the group silica, aluminum oxide, 
titanium oxide, and Zeolite, 

spacer is a halogen-substituted or unsubstituted hydro 
carbon of Cso in which at least one element selected from 
the group consisting of nitrogen, oxygen and Sulfur may be 
intermediated, 

1-1 

1-2 
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Y is a halogen-substituted or unsubstituted organic salt 
selected from among —NRRR or an imidazolium salt 2n.2N-l 

5 CD 

/or ( R3 ), \s 2/ triazolium salt 
( R2 ), 10 

R2 N R NN? NN1 
a triazolium salt \s 2/ 

( R3 ), 
15 

25 

or phosphonium salt of PRRR wherein R1,R2 and R3 
l 2 are independently a hydrocarbon of Cso in which at least 

one element selected from the group consisting of nitrogen, 
( R1 ), 30 oxygen and sulfur may be intermediated and which may 

preferably have a halogen substituted or unsubstituted struc 
ture. 

a kryptopix 2.2.2-potassium salt The precursor useful in the present invention may pref 
erably have a structure represented by the following Chemi 
cal Formula 2-1 or 2-2: 

as r 
- O. O. Chemical Formular 2-1 

K 40 2-1 

X-CA) N. O O 
N- s! Chemical Formula 2-2 N 

( NS ), 2-2 

45 ligand H spacer-CB) 

35 

and a phosphonium salt of—PRRR wherein R, R2, and 
Rs are independently a hydrocarbon of Co in which at 
least one element selected from the group consisting of 
nitrogen, oxygen and Sulfur may be intermediated, 

wherein, 
50 X is a halogen element (F, Cl, Br, I), sulfonate (R—S 

(O)2O—), aryl iodonium (R—I' ), quaternary ammonium 
X is tetrafluoroborate (BF), hexafluorophosphate (PF), salt (RRRN' ), hydrogen, nitro ( NO), alkoxy (RCH, 

hexafluoroantimony (SbF), bis(trifluoromethane)sulfone triazolium salt 
imide (N(Tf)), nitrate (NO), sodium sulfate (NaSO), 
potassium carbonate (KCO), bicarbonate (HCO), potas- 55 
sium phosphate (KHPO or KPO), alkane carboxylate R N 
(RCO) or alkane sulfonate (RSO), wherein R is a YN2 NN 
hydrocarbon of Cso in which at least one element selected O 
from the group consisting of nitrogen, oxygen, Sulfur, phos 
phorous and a combination thereof may be intermediated, 

'W' is phosphate ( PO), carboxylate (—CO), or sul 
fonate ( SO) or organic tin (RRRSn—) wherein R, R and R are 

- 0 halogen-substituted or unsubstitued and independently a 
Zis hydrogen, lithium (Li), sodium (Na), potassium (K), 6s hydrocarbon of C, in which at least one element selected 

rubidium (Rb), cesium (Cs), quaternary ammonium salt of from the group consisting of nitrogen, oxygen, Sulfur, phos 
—NRRR or imidazolium salt phorus, and a combination thereof may be intermediated, 

60 ( R ) 
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A is a moiety other than the radioisotope in the radio 
pharmaceutical compound with or without a protecting 
group, ligand is a part made of a hydrocarbon containing 
at least one element selected among nitrogen, oxygen and 
sulfur and capable of chelation with a radioactive metal ion, 
spacer is an oligopeptide, oligoethylene glycol, or a halo 
gen-substituted or unsubstituted hydrocarbon of Co in 
which at least one selected from the group consisting of 

AcO 
C OTf / 

AcO - O ON 
OAC, TO S N 

O 
p-N4 

=o NO 
O 1. 
O 

MOMO 

6 
nitrogen, oxygen, Sulfur, phosphorus, and a combination 
thereof may be intermediated, and 

B is a biological compound selected from among an 
amino acid, a Sugar, a lipid, and a nucleic acid, accounting 
for a moiety of the radiopharmaceutical compound, saving 
radioisotope-ligand-spacer. 

Examples of Chemical Formula 2-1 of the precursors 
include 

O 1N1 SN 
COMe 

N OTs, 

OTHP 

BOC, 

1-'N-1-1-1'. 

No.1 S-1No N 
6THP 

BOC1 O 

BOC1 

21 N 

OMe O 

MeO 
N s 
H 

N 

2 
F 

TSO 

GOTf 

N \e O 

/ OEt 

CO-tBu 

NH-Tr 
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-continued 
CO-tBu, 

NH-Tr "N-N-N-N-no-n N 

( ) HOC, N N 
n1 HO.C-1 N-COH 

CO2H 

NH NH 

OH s=( OH s=( 
NH NH 

'N O------ H O 'N O------ H O 
a N a N 

J- O N. NH J- H-O N. NH H- 22 er 22 N N 
HO N NH HO N NH y- y 

but are not limited thereto, -continued 
wherein, —OTf stands for —OS(O). CF, —ONs for COH 
OS(O), C.H.-p-NO, -Tr for C(Ph), BOC for to 1\{ 1''" 

—C(O)O-tBu, MOM for CHOCH, -THP for -tetrahy 
dropyranyl, and —OTS for —OS(O). CH-p-CH. N 

Examples of the ligand of Chemical Formula 2-2 include ls 
CO2H 

55 NOTA 

Hoc1NN SN1 SN1 Nco. 

HOC so so HOC-N / \ 1-CO2H, 
DTPA 60 N N 

Hoc1NN N1 Ncoh, C D 
N N 

HOC CO2H 65 HO.C-1 \ I Y-Co.H 
EDTA DOTA 
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MAG3 

diethylenetriamine pentaacetic acid (DTPA), ethylenedi 
amine tetraacetic acid (EDTA), 14.7-triazacyclononane-N, 
N',N'-triacetic acid (NOTA), 1,4,7,10-tetraazacyclodode 
cane-N,N',N',N'-tetraacetic acid (DOTA), 14.8, 11 
tetraazacyclotetradodecane-N,N',N',N'-tetraacetic acid 
(TETA), bis(thiosemicarbazone) (ATSM), and mercap 
toacetyltriglycine (MAG3), but are not limited thereto. 

The precursor may be introduced, together with the poly 
mer, into the cartridge, in advance or may be loaded in 
mixture with reaction solution 1 to the cartridge. In this 
regard, the precursor and the polymer may individually 
weigh or may be coupled to give a polymer-precursor 
mixture, ahead of introduction to the cartridge. Here, the 
symbol ' ' used in the expression polymer-precursor does 
not mean a covalent bond, but denotes coupling (absorption) 
attributed to ionic bonds or interaction between molecules or 
materials. The polymer-precursor mixture may be prepared 
by mixing the polymer represented by Chemical Formula 
1-1 or 1-2 with the precursor compound represented by 
Chemical Formula 2-1 or 2-2 in an organic solvent, water, or 
a mixture thereof, removing the solvent in a vacuum, 
filtering the residue, and drying the filtrate. 
The reaction Solution 1 is a solution that may contain 

either the precursor or the phase transition catalyst, or both, 
or neither and which has a solvent selected from the group 
consisting of acetonitrile, tetrahydrofuran, 1.4-dioxane, 
diethylether, 1.2-methoxyethane, chloroform, 1,2-dichlo 
roethane, 1,1-dichloroethane, dichloromethane, benzene, 
toluene, Xylene, mesitylene, chlorobenzene, dichloroben 
Zene, acetone, methylethylketone, nitromethane, dimethyl 
formamide, dimethylacetamide, dimethylsulfoxide, sulfo 
lane, 1,3-dimethyl-2-imidazolidinone, triethylamine, 
diisopropylethylamine, pyridine, picoline, collidine, metha 
nol, ethanol, n-propanol, n-butanol, amylalcohol, n-hexyl 
alcohol, n-heptanol, n-octanol, isopropanol, isobutanol, iso 
amylalcohol, 3-pentanol, t-butanol, t-amylalcohol. 2.3- 
dimethyl-2-butanol, 2-(trifluoromethyl)-2-propanol, 
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10 
3-methyl-3-pentanol, 3-ethyl-3-pentanol, 2-methyl-2-penta 
nol. 2,3-dimethyl-3-pentanol. 2,4-dimethyl-2-pentanol, 
2-methyl-2-hexanol, 2-cyclopropyl-2-propanol, 2-cyclopro 
pyl-2-butanol, 2-cyclopropyl-3-methyl-2-butanol, 1-methyl 
cyclopentanol. 1-ethylcyclopentanol, 3-propylcyclopenta 
nol, 1-methylcyclohexanol, 1-ethylcyclohexanol, 
1-methylcycloheptanol, and oligoethylene glycol repre 
sented by R—(OCHCH), OR, wherein R and R are 
independently a halogen-substituted or unsubstituted hydro 
carbon of Cso in which at least one element selected from 
the group consisting of nitrogen, oxygen, Sulfur, and phos 
phorus, and a combination thereof may be intermediated, 
and n is 1-3000. 

Alternatively, the solution may be ionic liquid of 

R R2 N2N1 9 
( ), N 

R 
R R 

el O el O 

wherein R. R. R. and Ra are independently a halogen 
substituted or unsubstituted hydrocarbon of Co in which at 
least one element selected from the group consisting of 
nitrogen, oxygen, Sulfur, phosphorus and a combination 
thereof may be intermediated, X is fluoride, chloride, bro 
mide, iodide, methanesulfonate, trifluoromethane Sulfonate, 
hexafluorophosphate, hexafluoroantimonate, tetrafluorobo 
rate, paratoluenesulfonate, bis(trifluorosulfonyl)imide, 
water, or a combination thereof. 
The phase transition catalyst available in reaction Solution 

1 may be as follows: 
A kryptopix compound. Such as kryptopix.2.2.2 (4.7.13. 

16.21.24-hexaoxa-1,10-diazabicyclo8.8.8) hexacosane); 
4,7,13,16.21-pentaoxa-1,10-diazabicyclo8.8.5tricosane; 
4.7.13, 18-tetraoxa-1,10-diazabicyclo8.5.5eicosane; 5.6- 
benzo-4,7,13,16.21.24-hexaoxa-1,10-diazabicyclo8.8.8) 
hexacos-5-ene; 
A crown ether compound Such as 4'-aminobenzo-15 

crown-5; 4'-aminobenzo-15-crown-5; 4'-aminobenzo-15 
crown-5 hydrochloride; 4'aminobenzo-18-crown-6: 
4'-aminodibenzo-18-crown-6: 2-aminomethyl-15-crown-5; 
2-aminomethyl-15-crown-5; 2-aminomethyl-18-crown-6: 
4'-amino-5'-nitrobenzo-15-crown-5; 4'-amino-5'-ni 
trobenzo-15-crown-5: 1-aza-12-crown-4, 1-aza-15-crown 
5: 1-aza-15-crown-5: 1-aza-18-crown-6, 1-aza-18-crown-6: 
benzo-12-crown-4, 5,6-benzo-4,7,13,16.21.24-hexaoxa-1, 
10-diazabicylclo8.8.8 hexacos-5-ene: 1-benzyl-1-aza-12 
crown-4; bis(benzo-15-crown-5)-15-ylmethylpimelate: 
4'-bromobenzo-15-crown-5; 4-tert-butylbenzo-15-crown-5; 
4-tert-butylcyclohexano-15-crown-5; 4'carboxybenzo-15 
crown-5" polyethylene glycols, and crown ether compound 
of polyethylene oxides; and 
R—(OCH2CH2), OR, oligoethylene glycol wherein 

R and R are independently a halogen-substituted or unsub 
stituted hydrocarbon of Cso in which at least one element 
selected from the group consisting of nitrogen, oxygen, 
Sulfur, phosphorus, and a combination thereof may be inter 
mediated, and n is 1-3000. 
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Also following compounds may be used as the phase 
transition catalyst: 

R R N2N1 S) 
V f X 

R 
R R 

Gl Gl 
R.-- e , or R.-- 9. 

R3 R3 

r °N r 
O O. O. 

O O O 

wherein R.R.R. and Ra are independently a halogen 
substituted or unsubstituted hydrocarbon of Clso in which at 
least one element selected from the group consisting of 
nitrogen, oxygen, Sulfur, phosphorus, and a combination 
thereof may be intermediated, X is fluoride, chloride, bro 
mide, iodide, methanesulfonate, trifluoromethanesulfonate, 
hexafluorophosphate, hexafluoroantimonate, tetrafluorobo 
rate, paratoluenesulfonate, bis(trifluorosulfonyl)imide, 
nitrate (NO), sodium sulfate (NaSO), potassium carbonate 
(KCO), bicarbonate (HCO), potassium phosphate 
(KHPO, or KPO), or acetate (OAc). 

So long as it is used in the nuclear medicine, any 
radioisotope is available in the present invention. Interalia, 
selection may be made of any one of F-18, Sc-44, Ti-45, 
Fe-52, Co-55, Cu-61, Cu-62, Cu-64, Ga-66, Ga-67, Cu-67, 
Ga-68, Br-77, Sr-83, Y-86, Zr-89, Y-90, Tc-99m, In-110, 
In-111, I-123, I-124, I-125, I-131, Lu-177, and Re-188. 
Ahead of the step (S4), the method of the present inven 

tion may further comprise: 
(S5) loading reaction solution for deprotection to the 

cartridge; and 
(S6) deprotecting the radioisotope-labeled compound in 

the cartridge within which the reaction solution 2 is con 
fined. 
The reaction solution 2 contains an acid or a base: 
Here, the acid may be hydrochloric acid, bromic acid, 

iodic acid, Sulfuric acid, phosphoric acid, acetic acid, ben 
Zoic acid, dichloroacetic acid, trichloroacetic acid, trifluo 
roacetic acid, methanesulfonic acid, trifluoromethanesulfo 
nic acid, benzenesulfonic acid, or p-toluenesulfonic acid; 

the base may be trimethylamine, triethylamine, diisopro 
pylethylamine, 4-(N,N-dimethylamino)pyridine, 1,8-diaz 
abicyclo5.4.0]undec-7-ene (DBU), 1,5-diazabicyclo4.3.0 
non-5-ene (DBN), 1,4-diazabicyclo[2.2.2]octane (Dabco), 
N-methylmorpholine, pyridine, picoline, collidine, guani 
dine, 1,1,3,3-tetramethylguanidine, MOH, M'(OH), 
MHCO, MCO, MCO, MPO, MHPO, or MOR 
wherein M is selected from the group consisting of Li, Na, 
K, Cs, NH NMe, NEt NBut, and NMeBn, M' is 
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12 
selected from the group consisting of Mg, Ca, and Ba, and 
R is selected from the group consisting of methyl, ethyl, 
isopropyl, and t-butyl. 
The solvent useful in the reaction solution 2 may be 

selected from the group consisting of acetonitrile, tetrahy 
drofuran, 1.4-dioxane, diethylether, 1.2-methoxyethane, 
chloroform, 1,2-dichloroethane, 1,1-dichloroethane, dichlo 
romethane, benzene, toluene, Xylene, mesitylene, chlo 
robenzene, dichlorobenzene, acetone, methylethylketone, 
nitromethane, dimethylformamide, dimethylacetamide, 
dimethylsulfoxide, sulfolane, 1,3-dimethyl-2-imidazolidi 
none, triethylamine, diisopropylethylamine, pyridine, pico 
line, collidine, methanol, ethanol, n-propanol, n-butanol, 
amylalcohol, n-hexylalcohol, n-heptanol, n-octanol, isopro 
panol, isobutanol, isoamylalcohol, 3-pentanol, t-butanol, 
t-amylalcohol. 2,3-dimethyl-2-butanol, 2-(trifluoromethyl)- 
2-propanol, 3-methyl-3-pentanol, 3-ethyl-3-pentanol, 
2-methyl-2-pentanol. 2,3-dimethyl-3-pentanol. 2,4-dim 
ethyl-2-pentanol, 2-methyl-2-hexanol, 2-cyclopropyl-2-pro 
panol, 2-cyclopropyl-2-butanol, 2-cyclopropyl-3-methyl-2- 
butanol, 1-methylcyclopentanol. 1-ethylcyclopentanol, 
3-propylcyclopentanol. 1-methylcyclohexanol, 1-ethylcy 
clohexanol. 1-methylcycloheptanol, and oligoethylene gly 
col of R-(OCHCH), OR, wherein R and R are 
independently a halogen-substituted or unsubstituted hydro 
carbon of Cso in which at least one element selected from 
the group consisting of nitrogen, oxygen, Sulfur, phospho 
rus, and a combination thereof may be intermediated, and in 
is 1-3000. 
Alternatively, the solvent may be ionic liquid of 

R R NN2\N1 xe, 
\ | N 

R 
R R 

el O el 6 

water, or a combination thereof wherein R.R.R. and R. 
are independently a halogen-substituted or unsubstituted 
hydrocarbon of Cso in which at least one element selected 
from the group consisting of nitrogen, oxygen, Sulfur, phos 
phorus, and a combination thereof may be intermediated, 
and X is fluoride, chloride, bromide, iodide, methanesul 
fonate, trifluoromethane Sulfonate, hexafluorophosphate, 
hexafluoroantimonate, tetrafluoroborate, paratoluenesul 
fonate, bis(trifluorosulfonyl)imide. 
Ahead of the step (S4), the method of the present inven 

tion may further comprise: 
(S7) loading reaction solution 3 for conjugation to the 

cartridge; and 
(S8) conjugating the radioisotope-labeled compound with 

a disease-targeting compound in the cartridge within which 
the reaction solution 3 is confined. 
The reaction Solution 3 contains a disease-targeting com 

pound that is capable of conjugation with the radioisotope 
labeled compound. 
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As for the solvent, its available examples include those 
given for the reaction Solution 2. 
The radioisotope-labeled compound may preferably have 

a structure represented by the following Chemical Formula 
3: 

Chemical Formula 3 

E-CA) 

wherein, 
A is a moiety other than the radioisotope in the radio 

pharmaceutical compound with or without a protecting 
group; and 
E may be F-18, I-123, I-124, I-125, or I-131. 
Examples of the radioisotope-labeled compound of 

Chemical Formula 3 include 

O , O, 

OH 
18F O 

N1N 1N1 N1s s 
18F O N-1 no-1 a-1'N1SN in 

--~~ 
but are not limited thereto. 

The disease-targeting compound preferably has a com 
pound represented by the following Chemical Formula 4: 

Chemical Formula 4 

J-CTO 

wherein T is a biological compound selected from the 
group consisting of an amino acid, a Sugar, a lipid, a nucleic 
acid, and a combination thereof, and “J” may be NHR, OH, 
CO. R. N. C=C H., PRR, NHNH, ONH, or 
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14 
wherein R and R2 are independently a halogen-substituted 
or unsubstituted hydrocarbon of Clso that may contain at 
least one element selected from the group consisting of 
nitrogen, oxygen, Sulfur, and phosphorus. 

Prior to the step S4, the method of the present invention 
may further comprise: 

(S9) neutralizing the solution in the cartridge with an acid 
or a base. 

Hereinafter, a method for synthesizing a radiopharmaceu 
tical using a cartridge in accordance with the present inven 
tion will be explained in detail with reference to the accom 
panying drawings. 
A preferred embodiment of the cartridge useful in the 

present invention is illustrated in FIG. 1. As shown in FIG. 
1, the cartridge is preferably configured to contain a porous 
frit and a polymer, and has an ample space Sufficiently to 
accommodate a reaction Solution therein. FIG. 1 is an 
illustrative, but non-limiting example of the cartridge. For a 
cartridge in which an upper porous frit and a lower porous 
frit are placed, the polymer is located between the upper and 
the lower porous frit. 

Next, as shown in FIG. 2, a radioisotope is entrapped 
within the cartridge into which a reaction solution is then 
introduced. Subsequently, the cartridge is locked to confine 
the reaction solution therein before the reaction is per 
formed. The cartridge may be provided with a reclosable 
valve at a lower portion. A reaction solution is introduced 
upwardly from the lower portion and the cartridge is fas 
tened with the valve to prevent leakage of the reaction 
solution (FIG. 2). 

FIG. 3 schematically illustrates performance of chemical 
reactions including labeling a pharmaceutical compound 
with a radioisotope in the reaction solution-filled cartridge. 
The chemical reactions may be promoted by heating with a 
heater, or by providing gas or using an effervescent solvent 
to generate bubbles in the cartridge (FIG. 3). In these 
conditions, the reactants in the cartridge are well mixed so 
that the reactions can be facilitated. 

After completion of the reactions, the radiopharmaceuti 
cal thus formed may be purified using Solid phase extraction 
or liquid chromatography. 

Advantageous Effects 

The present invention pertains to the synthesis of radio 
pharmaceuticals using a polymer-filled cartridge. In contrast 
to a conventional cartridge in which Ffluoride ions are 
entrapped before purification, the cartridge of the present 
invention has a space ample enough to accommodate a 
reaction solution therein and thus allows multiple-step reac 
tions to be carried out therein after the entrapment of 
radioisotopes. The present invention does not employ the 
removal of solvents and water through heating distillation, 
which is conventionally used, and can guarantee the perfor 
mance of all reaction steps in the cartridge without trans 
ferring the confined solution in or out. Hence, the method of 
the present invention is simpler and can synthesize radiop 
harmaceuticals faster than conventional methods. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic view illustrating a structure of a 
cartridge useful in synthesizing a radiopharmaceutical 
according to the present invention. 

FIG. 2 is a schematic view illustrating a procedure of 
filling a reaction Solution, using a cartridge for synthesizing 
a radiopharmaceutical according to the present invention. 
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FIG. 3 is a schematic view illustrating a method of filling N-imidazolium salt-coupled polymer 1-1b (11.82 g, 1.52 
a reaction Solution, using a cartridge for synthesizing a mmol/g). The synthesis procedure is illustrated in Reaction 
radiopharmaceutical according to the present invention. Scheme 1-2. 

On an IR spectrum, strong peaks for HCO anion (1645, 
MODE FOR INVENTION 5 1450, 1292 cm) were read. 

|Reaction Scheme 1-21 A better understanding of the present invention may be (8Oil SClele 
obtained through the following examples which are set forth C1 + 
to illustrate, but are not to be construed as limiting the 
present invention. 10 

an 1 0.2M NaHCO 
I. Preparation of Polymer to be Filled in Cartridge N N DMF/Hot 

\=/ 50° C., 3 h 
Example 1-1 e 

15 an 1 HCO3 N N 
Preparation of Triethyl Ammonium Salt-Coupled 

Polymer (Compound 1-1a) A R 

Chloromethyl polystyrene (1.8 mmol/g, 10.0 g, 18.0 
mmol) was placed in a reactor to which a mixture of 20 
dimethylformamide (DMF)/water (90 mL/10 mL) was then Example 1-3 
added. Subsequently, triethylamine (7.527 mL, 54.0 mmol) 
was introduced into the reactor. The resulting reaction Preparation of Triethylammonium Salt-Coupled 
mixture was well stirred at 50° C. for 3 hrs, and filtered Polymer (Compound 1-1c) 
through a Buchner funnel. The polymer filtrate was washed 25 
many times with acetone and dried in a vacuum. To the dried 10.0 g, 16.7 mmol) was placed in a reactor to which a 
polymer was added an aqueous 0.2 MNaHCO, solution (50 mixture of acetonitrile/water (50 mL/5 mL) was then added. 
mL) and the solution was stirred slowly for 5 min, followed Subsequently, N-methylimidazole (6.65 mL, 83.5 mmol) 

n-Hexyl methanesulfonate polystyrene (1.67 mmol/g, 

by removing the solvent in a vacuum. This procedure WaS was introduced into the reactor. The resulting reaction 
repeated three times more, for a total of 4 times. The 30 mixture was well stirred at 60° C. for 3 hrs, and filtered 
polymer was washed once with distilled water and many through a Buchner funnel. The polymer filtrate was washed 
times with acetone, and evaporated in a vacuum to the point many times with acetone and dried in a vacuum. To the dried 
of dryness to afford triethylammonium salt-coupled polymer polymer was added an aqueous 0.2 MNaHCO, solution (50 
1-1a (12.15 g, 1.48 mmol/g). The synthesis procedure is mL) and the solution was stirred slowly for 5 min, followed 
illustrated in Reaction Scheme 1-1 35 by removing the solvent in a vacuum. This procedure was 

repeated three times more. The polymer was washed once 
On an IR spect um, strong peaks for HCOs anion (1645, with distilled water and many times with acetone, and 

1450, 1292 cm) were read. evaporated in a vacuum to dryness to afford triethylammo 
Reaction Scheme 1-1 nium salt-coupled polymer 1-1c (11.72 g, 1.42 mmol/g). The -ll eaction Scheme synthesis procedure is illustrated in Reaction Scheme 1-3. 

40 On an IR spectrum, strong peaks for HCOs anion (1645, 
O? Gior MS- 1450, 1292 cm) were read. 

50° C., 5. 

Še, ico, Reaction Scheme 1-3 
45 OM S 

cry -- 1-1a 

an 1 0.2M NaHCO 
Example 1-2 50 N N -e- -a- 

\ / CH3CN/H2O 
60° C., 3 h Preparation of N-Methylimidazolium Salt-Coupled 

Polymer (Compound 1-1b) (O) Hco 
N N 3 

Chloromethyl polystyrene (1.8 mmol/g, 100 g, 18.0 ss o-(N) N2 N. 
mmol) was placed in a reactor to which a mixture of 
dimethylformamide/water (90 mL/10 mL) was then added. 
Subsequently, N-methylimidazole (4.304 mL, 54.0 mmol) 1-1c 
was introduced into the reactor. The resulting reaction 
mixture was well stirred at 50° C. for 3 hrs, and filtered 
through a Buchner funnel. The polymer filtrate was washed 
many times with acetone and dried in a vacuum. To the dried Example 1-4 
polymer was added an aqueous 0.2 MNaHCO, solution (50 
mL) and the solution was stirred slowly for 5 min, followed Preparation of N-Methylimidazolium Salt-Coupled 
by removing the solvent in a vacuum. This procedure was Polymer (Compound 1-1 d) 
repeated three times more. The polymer was washed once 65 
with distilled water and many times with acetone, and Tetraethylene glycol monomethanesulfonate polystyrene 
evaporated in a vacuum to the point of dryness to afford (1.197 mmol/g, 10.0 g, 11.970 mmol) was placed in a reactor 



US 9,550,704 B2 
17 

to which a mixture of acetonitrile/water (50 mL/5 mL) was 
then added. Subsequently, N-methylimidazole (4.77 mL, 
59.85 mmol) was introduced into the reactor. The resulting 
reaction mixture was well stirred at 60° C. for 3 hrs, and 
filtered through a Buchner funnel. The polymer filtrate was 
washed many times with acetone and dried in a vacuum. To 
the dried polymer was added an aqueous 0.2 M NaHCO 
solution (50 mL) and the solution was stirred slowly for 5 
min, followed by removing the solvent in a vacuum. This 
procedure was repeated three times more. The polymer was 
washed once with distilled water and many times with 
acetone, and evaporated in a vacuum to dryness to afford 
N-methylimidazolium salt-coupled polymer 1-1d (11.18 g. 
1.07 mmol/g). The synthesis procedure is illustrated in 
Reaction Scheme 1-4. 
On an IR spectrum, strong peaks for HCO, anion (1645, 

1450, 1292 cm) were read. 

Reaction Scheme 1-4 

cr". 
a\ 1 N N 0.2M NaHCO 

H- H 

CH3CN/H2O 
60° C., 3 h 

or -0. 
1-1d 

Example 1-5 

Preparation of Triphenylphosphonium Salt-Coupled 
Polymer (Compound 1-1e) 

Chloromethyl polystyrene (1.8 mmol/g, 10.0 g, 18.0 
mmol) was placed in a reactor to which a mixture of 
acetonitrile/water (50 mL/5 mL) was then added. Subse 
quently, triphenylphosphine (PPhs, 14.16 g, 54.0 mmol) was 
introduced into the reactor. The resulting reaction mixture 
was well stirred at 80° C. for 24 hrs, and filtered through a 
Buchner funnel. The polymer filtrate was washed many 
times with acetone and dried in a vacuum. To the dried 
polymer was added an aqueous 0.2 MNaHCO solution (50 
mL) and the solution was stirred slowly for 5 min, followed 
by removing the solvent in a vacuum. This procedure was 
repeated three times more. The polymer was washed once 
with distilled water and many times with acetone, and 
evaporated in a vacuum to dryness to afford triphenylphos 
phonium salt-coupled polymer 1-le (14.50 g, 1.24 mmol/g). 
The synthesis procedure is illustrated in Reaction Scheme 
1-5. 
On an IR spectrum, strong peaks for HCO anion (1645, 

1450, 1292 cm) were read. 

Reaction Scheme 1-5 

C PPh 0.2M NaHCO 
-e- -as 

CHCN/HO 
80° C., 24h 
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18 
-continued 

GE) 

1-1e 

Hco, 

Example 1-6 

Preparation of Sulfonate Salt-Coupled Polymer 
(Compound 1-2a) 

In a reaction vessel, chloroform (70 mL) was slowly 
added to polystyrene (10 g) and gently stirred at 0° C. 
Subsequently, CISOH (1.00 mL, 15.0 mmol) was dropwise 
added to the reaction vessel, followed by gently stirring at 0° 
C. for one hour. After filtration through a Buchner funnel, 
the polymer filtrate thus obtained was washed many times 
with dichloromethane and dried in a vacuum. To the dried 

polymer was added an aqueous 0.2 MNaHCO solution (50 
mL) and the solution was stirred slowly for 5 min, followed 
by removing the solvent in a vacuum. This procedure was 
repeated three times more. The polymer was washed once 
with distilled water and many times with acetone, and 
evaporated in a vacuum to dryness to afford Sulfonate 
salt-coupled polymer 1-2a (11.48 g, 1.31 mmol/g). The 
synthesis procedure is illustrated in Reaction Scheme 1-6. 
On an IR spectrum, strong peaks for SO anion (1153, 

1124, 1028, 1003 cm) were read. 

Reaction Scheme 1-6 

CISOH 0.2M NaHCO 
He -- SONa 
CHCI 

0° C. 1 h 
1-2a. 

II. Preparation of Compound to be Contained in 
Reaction Solution 

Example 2 

Preparation of Kryptopix.2.2.2]-Potassium 
Methanesulfonate Salt (2a) 

In a round-bottom flask, kryptopix.2.2.2 (5.0 g, 13.28 
mmol) and potassium methanesulfonate (KOMs, 1.78 g. 
13.28 mmol) were mixed with anhydrous acetonitrile (30 
mL), and reacted for 30 min at room temperature while 
stirring, followed by the removal of the solvent in a vacuum 
to afford kryptopix.2.2.2-potassium methanesulfonate salt 
as a white solid (K222-KOMs, 3a, 6.78 g, 13.28 mmol). This 
reaction procedure is illustrated in the following Reaction 
Scheme 2. 
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Reaction Scheme 2 

O O. O. 

+ KOMs -e- 
CH3CN 

O O O rt, 30 min 

C - D) 
N-l 

III. Preparation of Polymer-Precursor Mixture 

Example 3-1 

Preparation of Polymer-Precursor Mixture 3a 

A polystyrene polymer (10.0 g) and a precursor com 
pound (2-1a, 500 mg, 1.78 mmol) were introduced into a 
reaction vessel to which dimethylformamide (50 mL) was 
then slowly added. This mixture was well stirred for 10 min, 
slowly diluted with water (100 mL) and well stirred for 30 
min at room temperature. The reaction mixture was filtered, 
washed many times with water, and dried in a vacuum to 
afford a polymer-precursor mixture 3a (10.50 g, 0.17 mmol/ 
g). The reaction procedure is illustrated in the following 
Reaction Scheme 3-1. 

-- 

Mson-1-N-O 

Reaction Scheme 3-1 

1) DMF 
Her 

2) H2O 
rt, 30 min 

2-1a 

Mson-1-N-O 

3a 

Example 3-2 

Preparation of Polymer-Precursor Mixture 3b 

A C-18 silica gel polymer (10.0 g) and a precursor 
compound (2-1a, 500 mg, 1.78 mmol) were introduced into 
a reaction vessel to which CHCN (50 mL) was then slowly 
added. This mixture was well stirred for 10 min, slowly 
diluted with water (100 mL) and well stirred for 30 min at 
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20 
room temperature. The reaction mixture was filtered, 
washed many times with water, and dried in a vacuum to 
afford a polymer-precursor mixture 3b (10.50 g, 0.17 mmol/ 
g). The reaction procedure is illustrated in the following 
Reaction Scheme 3-2. 

-- 

MSO-N-1-N-O 

Reaction Scheme 3-2 

1) CH3CN 
-e- 

2) H2O 
rt, 30 min 

2-1a 

MSOS-1-N-O 

3b 

Example 3-3 

Preparation of Polymer-Precursor Mixture 3c 

The triethylammonium salt-coupled polymer (1-1a, 10.0 
g) obtained in Example 1-1 and a precursor compound (2-1a, 
500 mg, 1.78 mmol) were introduced into a reaction vessel 
to which CHCN (50 mL) was slowly added. This mixture 
was well stirred for 10 min, slowly diluted with water (100 
mL) and well stirred for 30 min at room temperature. The 
reaction mixture was filtered, washed many times with 
water, and dried in a vacuum to afford a polymer-precursor 
mixture 3c (10.50 g, 0.17 mmol/g). The reaction procedure 
is illustrated in the following Reaction Scheme 3-3. 

Reaction Scheme 3-3 

GE) CHCO, 
NEt 

1-1a 
MSO O 

1) CHCN 
-e- 

2) H2O 
rt, 30 min 

2-1a 

Hco MSOS-1a-O 
GE) 
NEt 

3c 

Example 3-4 

Preparation of Polymer-Precursor Mixture 3d 

The N-methylimidazolium salt-coupled polymer (1-1b, 
10.0 g) obtained in Example 1-2 and a precursor compound 
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(2-1a, 500 mg, 1.78 mmol) were introduced into a reaction 
vessel to which CHCN (50 mL) was then slowly added. 
This mixture was well stirred for 10 min, slowly diluted with 
water (100 mL) and well stirred for 30 min at room 
temperature. The reaction mixture was filtered, washed 
many times with water, and dried in a vacuum to afford a 
polymer-precursor mixture 3d (10.50 g., 0.17 mmol/g). 

Reaction Scheme 3-4 

CHCO, 

OO 
1-1b 

MSON-1-N-O 1) CH3CN 
He 

2) H2O 
rt, 30 min 

2-1a 

G 
HCO 

MSO O 

3d 

Example 3-5 

Preparation of Polymer-Precursor Mixture 3D 

The N-methylimidazolium salt-coupled solid support (3c, 
10.0 g) obtained in Example 1-2 was introduced into a 
reaction vessel to which a solution of precursor compound 
(2a, 500 mg, 1.78 mmol) in CHCN (5 mL) was then slowly 
added. This mixture was well stirred for 10 min at room 
temperature, and dried in a vacuum to afford a polymer 
precursor mixture 3d (10.50 g, 0.17 mmol/g). 

Reaction Scheme 3-5 

CHCO, 
N2-y 1. -- 

O 
1-1b 

Mson-1-N-O 
-e- 

CHCN 
rt, 10 min 

2-1a 

G 
HCO 

MSO O 

3d 

Example 3-6 

Preparation of Polymer-Precursor Mixture 3e 

The triethylammonium salt-coupled polymer 1-1a (50 
mg) obtained in Example 1-1 and a precursor compound 
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22 
2-1s (0.1 mg) were introduced into a round-bottom flask to 
which CHCN (2 mL) was then slowly added. This mixture 
was well stirred for 10 minat room temperature, followed by 
removing the Solvent in a vacuum to afford a polymer 
precursor mixture 3e (50 mg). 
(Reaction Scheme 3-6) 

Reaction Scheme3-6 

G O 

O NEts HCO, 
1-1a 

COMe 
-e- 

CH3CN 
rt, 10 min 

SnBus 

2-1s 

O F1a1n N 
HCO GE) COMe 

Or SnBus 

Example 3-7 

Preparation of Polymer-Precursor Mixture 3f 

The triethylammonium salt-coupled polymer 1-1a (50 
mg) obtained in Example 1-1 and a precursor compound 
2-1t (0.1 mg) were introduced into a round-bottom flask to 
which CHCN (2 mL) was then slowly added. This mixture 
was well stirred for 10 minat room temperature, followed by 
removing the Solvent in a vacuum to afford a polymer 
precursor mixture 3f (50 mg). 

GE 
NEt3 

Reaction Scheme 3-7 

O 
HCO3 + 

1-1a 
O 

N 

r OEt 

J/ 
He 

CH3CN 
rt, 10 min 

N 
BuSn O 
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-continued 
O 

G N 
HCO r OE t 

GE) 

Ors N / 
N 

BuSn O 

IV. F-18 Labeling Reaction 

Example 4-1 

F-18 Labeling of Precursor 2-1a 

The polymer-precursor mixture 3c or 3d, obtained in 
Examples 3-3 and 3-4, respectively, was loaded in an 
amount of 100 mg in a cartridge. Using a Syringe, 3 mL of 
distilled water was allowed to flow through the polymer 
precursor mixture. Then, an aqueous Solution of F-18 ions 
(3-5 moi, 0.5 mL) was added to the mixture. After the 
cartridge was purged with nitrogen for 5 min, reaction 
solution 1 (t-amyl alcohol 0.5 mL, or t-amyl alcohol 0.5 mL 
in which kryptopix.2.2.2-potassium methanesulfonate salt 
(3a, 10 mg) of Example 2 was dissolved) was introduced 
upwardly from the bottom of the cartridge which was then 
fastened with a valve. The cartridge was placed in a heating 
furnace and heated for 15 min at 120° C. After being 
withdrawn from the heating furnace, the cartridge was 
washed with acetonitrile (3 mL). The reaction procedure is 
illustrated in the following Reaction Scheme 4, and results 
are summarized in Table 1, below. 

Reaction Scheme 4 

Mso-N-N-O 18F 
-- 

t-amyl alcohol 
120° C., 10 min 

2-1a 

"N-1-N- 

(wherein, OMs is as defined above) 

TABLE 1. 

Polymer-precursor mixture 

Example 3-3 Example 3-4 
(Compound 3c) (Compound 3d) 

Reaction t-Amyl Kryptopix2.2.2]- t-Amyl KryptopiX2.2.2- 
Solution alcohol potassium alcohol potassium 

methanesulfonate- methanesulfonate 
dissolved t-amyl dissolved t-amyl 

alcohol alcohol 
Amount left in 3.27 1.25 2.56 O.83 
cartridge after 
reaction (mCi) 
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TABLE 1-continued 

Polymer-precursor mixture 

Example 3-3 Example 3-4 
(Compound 3c) (Compound 3d) 

Acetonitrile O.O2 1.98 0.79 2.48 
solution after 
reaction (mCi) 
Radio-TLC (%) 0.0 75 86 95 
Radiochemical O.O 46.0 20.4 71.2 
Yield (%) 

In Table 1, Radio-TLC stands for radio-thin layer chro 
matography, and radiochemical yield (%) is calculated 
according to the equation: 

Radiation dose of acetonitrile solution (radiation 
dose left in cartridge-radiation dose of acetoni 
trile solution)xRadio-TLC (%). 

Example 4-2 

F-18 Labeling of Precursor 2-1a 

Together with precursor compound 2-1a (5 mg), 100 mg 
of each of polymers 1-1a to 1-1e, respectively obtained in 
Examples 1-1 to 1-5, was loaded into a cartridge. Using a 
syringe, 3 mL of distilled water was allowed to flow through 
the mixture. Then, an aqueous solution of F-18 ions (3-5 
mCi, 0.5 mL) was added to the mixture. After the cartridge 
was purged with nitrogen for 5 min, reaction solution 1 
(t-amyl alcohol 0.5 mL in which kryptopix.2.2.2-potassium 
methanesulfonate salt (3a, 10 mg) of Example 2 was dis 
solved) was introduced upwardly from the bottom of the 
cartridge which was then fastened with a valve. The car 
tridge was placed in a heating furnace and heated for 15 min 
at 120° C. After being withdrawn from the heating furnace, 
the cartridge was washed with acetonitrile (3 mL). The 
reaction procedure is illustrated in the following Reaction 
Scheme 4-1, and results are summarized in Table 2, below. 

Reaction Scheme 4-1 

Mson-N-O 18F 
-e- 

t-amyl alcohol 
120° C., 10 min 

2-1a 

"N-1-N- 

(wherein, OMs is as defined above.) 

TABLE 2 

Polymer 

1-1a 1-1b 1-1 c 1-1d 1-1e 

Amount left in cartridge after reaction 1.92 1.66 1.30 1.12 1.78 
(mCi) 
Acetonitrile solution after reaction 2.10 2.73 3.27 3.15 2.39 
(mCi) 
Radio-TLC (%) 86 92 98 99 85 
Radiochemical Yield (%) 44.9 S7.2 70.1 73.0 48.7 
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Example 4-3 

F-18 Labeling of Precursor 2-1a 

The polymers 1-1a to 1-1e, prepared in Examples 1-1 to 
1-5, were loaded in an amount of 100 mg into respective 
cartridges. Using a syringe, 3 mL of distilled water was 
allowed to flow through the polymer. Then, an aqueous 
solution of F-18 ions (3-5 moi, 0.5 mL) was added to the 
polymer. After the cartridge was purged with nitrogen for 1 
min, reaction solution 1 (t-amyl alcohol 0.5 mL in which 
kryptopiX2.2.2-potassium methanesulfonate salt (3a, 10 
mg) of Example 2 was dissolved) was introduced upwardly 
from the bottom of the cartridge which was then fastened 
with a valve. The cartridge was placed in a heating furnace 
and heated for 15 min at 120° C. After being withdrawn 
from the heating furnace, the cartridge was washed with 
acetonitrile (3 mL). The reaction procedure is illustrated in 
the following Reaction Scheme 4-2, and results are Summa 
rized in Table 3, below. 

Reaction Scheme 4-2 

Mson-1-N-O 18F 
Her 

t-amyl alcohol 
120° C., 10 min 

2-1a 

18FN-1- 

(wherein, OMs is as defined above.) 

TABLE 3 

Polymer 

1-1 a 1-1b 1-1c 1-1d 1-1e 

Amount left in cartridge after 1.62 1.69 1.09 1.12 1.43 
reaction (mCi) 
Acetonitrile solution after 2.40 2.93 3.2O 3.35 2.70 
reaction (mCi) 
Radio-TLC (%) 94 97 100 1OO 93 
Radiochemical Yield (%) 56.1 61.5 74.6 74.9 60.8 

V. Synthesis of Representative 
Radiopharmaceuticals 

Examples 5-1 to Example 5-23 

Example 5-1 

Synthesis of FIFDG 

The polymer 1-1d (100 mg), prepared in Example 1-4, 
was loaded into a cartridge. Using a syringe, 3 mL of 
distilled water was allowed to flow through the polymer. 
Then, an aqueous solution of F-18 ions (3.41 mCi, 1.0 mL) 
was added to the mixture. Also, acetonitrile (3 mL) was 
allowed to flow through the polymer using a syringe. After 
the cartridge was purged with nitrogen for 1 min, reaction 
solution 1 (acetonitrile 0.5 mL in which kryptopix.2.2.2]- 
potassium methanesulfonate salt (3a, 15 mg) of Example 2 
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was dissolved) was introduced upwardly from the bottom of 
the cartridge which was then fastened with a valve. The 
cartridge was placed in a heating furnace and heated for 10 
min at 100° C., and transferred to a furnace maintained at 
room temperature. Then, reaction solution 2 (0.5 MNaOMe 
in MeCH, 0.5 mL) was introduced upwardly from the 
bottom of the cartridge after which nitrogen gas was also fed 
from the bottom slowly for 5 min. After being withdrawn 
from the furnace, the cartridge was allowed to drain the 
solution therefrom and washed with acetonitrile (3 mL) 
(Reaction Scheme 5-1). 
A radiation dose of 0.01 mCi was detected in the empty 

cartridge while the released solution exhibited a radiation 
dose of 2.65 mCi. The radio-TLC (%) was measured at 77% 
(radiochemical yield (%)=77%). 

Reaction Scheme 5-1 

AcO OTf 18F 0.5M 
K222-KOMs NaOMe 

O -e- -as 
AcO OA CHCN MeOH 
AcO 100° C., 10 min rt, 5 min 

2-1b 
HO 

HO O OH 
HO 

18F 

18FFDG 

(wherein OTf is as defined above) 

Example 5-2 

Synthesis of IFI FDG 

The polymer 1-1d (100 mg), prepared in Example 1-4, 
was loaded into a cartridge. Using a syringe, 3 mL of 
distilled water was allowed to flow through the polymer. 
Then, an aqueous solution of F-18 ions (4.65 mCi, 1.0 mL) 
was added to the mixture. Also, acetonitrile (3 mL) was 
allowed to flow through the polymer using a syringe. After 
the cartridge was purged with nitrogen for 1 min, reaction 
solution 1 (acetonitrile 0.5 mL in which kryptopix.2.2.2]- 
potassium methanesulfonate Salt (3a, 15 mg) of Example 2 
and precursor compound 2-1c (10 mg) were dissolved) was 
introduced upwardly from the bottom of the cartridge which 
was then fastened with a valve. The cartridge was heated for 
10 min at 100° C. in a heating furnace, and then cooled to 
120° C. Then, reaction solution 2 (2.0 NHCl in EtOH, 0.5 
mL) was introduced upwardly from the bottom of the 
cartridge which was then fastened with a valve. Again, the 
cartridge was heated at 100° C. for 5 min and transferred to 
a furnace maintained at room temperature. Using a syringe, 
an aqueous 0.2 M KPO, solution (3 mL) was fed from the 
bottom. After being withdrawn from the furnace, the car 
tridge was allowed to drain the solution therefrom and 
washed with acetonitrile (3 mL) (Reaction Scheme 5-2). 
A radiation dose of 0.00 mCi was detected in the empty 

cartridge while the released solution exhibited a radiation 
dose of 3.31 mCi. The radio-TLC (%) was measured at 85% 
(radiochemical yield (%)=85%). 
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Reaction Scheme 5-2 

/ NH 
N BOC 18F, K222-KOMs 2.ON HC 0.2M KPO HO N 

ONS 
O 

O 
TrO Nov. t-amyl alcohol EtOH O - O 120° C., 10 min 100° C., 5 min 

18F 
2-1c 18FFLT 

15 

(wherein Tr, ONs, and BOC are as defined above, respec- -continued 
tively) 18F 1S-1n 

Example 5-3 COMe 
2O 

Synthesis of 18FFP-CIT 

The polymer 1-1d (100 mg), prepared in Example 1-4, I 
was loaded into a cartridge. Using a syringe, 3 mL of 
distilled water was allowed to flow through the polymer. 
Then, an aqueous solution of F-18 ions (3.83 mCi, 1.0 mL) 18FFP-CIT 
was added to the mixture. Also, acetonitrile (3 mL) was 
allowed to flow through the polymer using a syringe. After 
the cartridge was purged with nitrogen for 1 min, reaction (wherein TsO is as defined above). 
solution 1 (t-amylalcohol 0.5 mL in which kryptopix.2.2.2]- 
potassium methanesulfonate salt (3a, 15 mg) of Example 2 
was dissolved) was introduced upwardly from the bottom of 
the cartridge which was then fastened with a valve. The 
cartridge was heated for 10 min at 120° C. in a heating 
furnace, withdrawn from the furnace, and then washed with 
acetonitrile (3 mL) (Reaction Scheme 5-3). 35 Example 5-4 
A radiation dose of 1.35 mCi was detected in the empty 

cartridge while the released solution exhibited a radiation 
dose of 1.48 mCi. The radio-TLC (%) was measured at 87% 
(radiochemical yield (%)=45.5%). 

30 

Synthesis of FIFES 
40 

Reaction Scheme 5-3 FIFES was synthesized in the same manner as in 
Example 5-2, with the exception that precursor 2-1e (5 mg) To1N1NN 

CO-Me 45 was used (Reaction Scheme 5-4). 
2 

K222-KOMs A radiation dose of 0.02 mCi was detected in the empty 
t-amyl alcohol 
120° C., 10 min 50 

2-1d dose of 3.45 mCi. The radio-TLC (%) was measured at 76% 
(radiochemical yield (%)=75.6%). 

cartridge while the released solution exhibited a radiation 

Reaction Scheme 5-4 

O 

9-N- A. O 

O IF, K222-KOMs 2.0 NHCI 0.2M KPO 
-e- -e- -e- 

t-amyl alcohol EtOH 
120° C., 10 min 100° C., 5 min 

MOMO 
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-continued 
OH 

. 18F 

HO 18FFES 

(wherein MOM is as defined above) 

Example 5-5 15 

Synthesis of FIFMISO 

FIFMISO was synthesized in the same manner as in 20 
Example 5-2, with the exception that precursor 2-1 f(5 mg) 
was used (Reaction Scheme 5-4). A radiation dose of 0.01 
mCi was detected in the empty cartridge while the released 
solution exhibited a radiation dose of 3.11 mCi. The radio- 25 

TLC (%) was measured at 56% (radiochemical yield 
(%)=55.8%). 

Reaction Scheme 5-5 

NO NO 

18 o O.2MKPO 1. FK222-KOM 2.ON HC 3r-4 1. 
% --nor s - e- N1 r t-amyl alcohol EtOH 
\-/ OTHP 120° C., 10 min 100° C., 5 min \-/ OH 

2-1f 18FIFMISO 

(wherein, OTs and THP are as defined above) 40 

Example 5-6 

45 Synthesis of FFC119 

'FFC119 was synthesized in the same manner as in 
Example 5-2, with the exception that precursor 2-1 g (5 mg) 
was used (Reaction Scheme 5-6). 50 
A radiation dose of 0.01 mCi was detected in the empty 

cartridge while the released solution exhibited a radiation 
dose of 3.79 mCi. The radio-TLC (%) was measured at 71% 
radiochemical vield (%)=70.9%). ( y 

Reaction Scheme 5-6 

N / V / 
)-( )-( 18F, K222-KOMs 2.ON HCI 0.2M KPO Her He- He 

No1 N1)o S N BOC t-amyl alcohol EtOH 
E 120° C., 10 min 100° C., 5 min 
OTHP 
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OC) ()- is 1-1so S N 
5H 

18FFC119 

(wherein, NsO, THP and BOC are as defined above) 
Example 5-7 

15 

Synthesis of FIAV-1 

'FI AV-1 was synthesized in the same manner as in 
Example 5-2, with the exception that precursor 2-1h (5 mg) 20 
was used (Reaction Scheme 5-7). 
A radiation dose of 0.01 mCi was detected in the empty 

cartridge while the released solution exhibited a radiation 
dose of 2.83 mCi. The radio-TLC (%) was measured at 62%. 25 
(radiochemical yield (%)=62.0%). 

Reaction Scheme 5-7 

N 
BOC1 

21 18F 
K222-KOMs 2.ON HC 0.2M KPO 

e- e- e 

O OTs t-amyl alcohol EtOH 
1N1 N-1 no-1N1 120° C., 10 min 100° C., 

5 min 

2-1h 

r 21 

1a-'N-1-1--" 
18FAV-1 

(wherein, OTs and BOC are as defined above) 

Example 5-8 
55 

Synthesis of 'FAV-45 

'FI AV-45 was synthesized in the same manner as in 
Example 5-2, with the exception that precursor 2-1 i (5 mg) 60 
was used (Reaction Scheme 5-8). 
A radiation dose of 0.02 mCi was detected in the empty 

cartridge while the released solution exhibited a radiation 
dose of 3.07 moi. The radio-TLC (%) was measured at 64% 
(radiochemical yield (%)=63.6%). 

65 
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Reaction Scheme 5-8 

BOC 

21 N 

4. O1N1'N-1- 1N-OTs 

1 

(wherein, OTs and BOC are as defined above) 

Example 5-9 25 

Synthesis of 'FIFallypride 

'FIFalypride was synthesized in the same manner as in 30 
Example 5-3, with the exception that precursor 2-1j (5 mg) 
was used (Reaction Scheme 5-9). 
A radiation dose of 0.92 mori was detected in the empty 

cartridge while the released solution exhibited a radiation 
dose of 2.88 mCi. The radio-TLC (%) was measured at 97% 
(radiochemical yield (%)=73.5%). 

35 

Reaction Scheme 5-9 
40 

OMe O 

MeO 
N 18 
H F, K222-KOMs 

-e- 

N t-amyl alcohol 45 

1. 120° C., 10 min 

TSO 50 

2-1j 
OMe O 

MeO 
N 55 
H 

N 

1. 60 
18F 

FIFalypride 
65 

(wherein, OTs is as defined above) 

IF, K222-KOMs 2.0 NHCI 0.2M KPO 
His He- -a- 

t-amyl alcohol EtOH 
120° C., 10 min 100° C., 5 min 

21 N 18FAV-45 

O 18F 4. 1N1 N-1N1\- 

Example 5-10 

Synthesis of FFlumazenil 

'FFlumazenil was synthesized in the same manner as in 
Example 5-3, with the exception that precursor 2-1k (5 mg) 
was used (Reaction Scheme 5-10). 

A radiation dose of 1.21 mCi was detected in the empty 
cartridge while the released solution exhibited a radiation 
dose of 3.04 mCi. The radio-TLC (%) was measured at 94% 
(radiochemical yield (%)=67.2%). 

Reaction Scheme 5-10 

O 

N 

t J/ 

CR 
O 

2-1k 

r 
FFlumazenil 

OTs s 
1N1 K222-KOMs 

t-amyl alcohol 
120° C., 10 min 

(wherein, OTs is as defined above) 
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Example 5-11 

Synthesis of Ethyl-Ffluorobenzoate 

Ethyl-'FIfluorobenzoate was synthesized in the same 
manner as in Example 5-3, with the exception that precursor 
2-(5 mg) was used at a reaction temperature of 100° C. in 
cacetonitrile as a reaction solvent (Reaction Scheme 5-11). 
A radiation dose of 0.94 mCi was detected in the empty 

cartridge while the released solution exhibited a radiation 
dose of 2.80 mCi. The radio-TLC (%) was measured at 97% 
(radiochemical yield (%)=72.6%). 

Reaction Scheme 5-11 

OOTf 

O 
\e IF, K222-KOMs 
-N He 

/ CHCN 
OEt 100° C., 10 min 

2-1 
O 

"-() { OEt 
Ethyl 4-FFluorobenzoate 

(wherein, OTf is as defined above) 

5 

10 

15 

25 

Reaction Scheme 5-12 

GOTf 

\GE / F, K222-KOMs 
-e- 

-N CH3CN 
/ 100° C., 10 min 

2-1m 

/ 

(wherein, OTf is as defined above) 

Example 5-13 

Synthesis of FIFET 

FIFET was synthesized in the same manner as in 
Example 5-2, with the exception that precursor 2-1 in (5 mg) 
was used (Reaction Scheme 5-13). 
A radiation dose of 0.02 mCi was detected in the empty 

cartridge while the released solution exhibited a radiation 
dose of 2.85 mCi. The radio-TLC (%) was measured at 69% 
(radiochemical yield (%)=68.5%). 

Reaction Scheme 5-13 

CO-tBu 
18F, K222-KOMs 2.ON HC 0.2M KPO 

e- e- e 

TSO NH-Tr t-amyl alcohol EtOH 
N-1 no 120° C., 10 min 100° C., 5 min 

2-1n 
CO2H 

18 F NH2 N-1\o 
18FFET 

50 Example 5-12 

Synthesis of 'FIFBA 

'FIFBA was synthesized in the same manner as in 
Example 5-3, with the exception that precursor 2-1 m (5 mg) 
was used at a reaction temperature of 100° C. in acetonitrile 
as a reaction solvent (Reaction Scheme 5-12). 

A radiation dose of 0.91 mCi was detected in the empty 
cartridge while the released solution exhibited a radiation 
dose of 3.21 mCi. The radio-TLC (%) was measured at 96% 
(radiochemical yield (%)=74.8%). 

55 

60 

65 

(wherein, OTs and Tr are as defined above) 

Example 5-14 

Synthesis of FIFMT 

FIFMT was synthesized in the same manner as in 
Example 5-2, with the exception that precursor 2-10 (5 mg) 
was used (Reaction Scheme 5-14). 

A radiation dose of 0.03 mCi was detected in the empty 
cartridge while the released solution exhibited a radiation 
dose of 2.58 mCi. The radio-TLC (%) was measured at 52% 
(radiochemical yield (%)=51.4%). 
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Reaction Scheme 5-14 

GOTf CO-tBu 

sh T IF, K222-KOMs 2.ON HC 0.2M KPO 
- ir Hibs He- He 

N1 No t-amyl alcohol EtOH 
/ 120° C., 10 min 100° C., 5 min 

N-RN 

2-1o 

18FFMT 

2O 
(wherein, OTs and Tr are as defined above) 

Reaction Scheme 5-16 

Example 5-15 18F 
TSO O K222-KOMs 

25 N-1 no-1S-1 n-1\, t-amyl alcohol 
Synthesis of FFluoroethylpropargyldiethyl- 120° C., 10 min 

"N-1-1n-N-1- 
eneglycol 

'FFluoroethylpropargyldiethyleneglycol was synthe- 30 
sized in the same manner as in Example 5-2, with the 
exception that precursor 2-1p (4 mg) was used (Reaction 
Scheme 5-15). A radiation dose of 1.35 mCi was detected in (wherein, OTs is as defined above) 
the empty cartridge while the released solution exhibited a 

FFluoroethyl azidoethyl ethylene glycol 

35 E le 5-17 
radiation dose of 2.69 mCi. The radio-TLC (%) was mea- Xample 
sured at 93% (radiochemical yield (%)=61.9%). Synthesis of FADIBO 

IFADIBO was synthesized in the same manner as in 
Reaction Scheme 5-15 40 Example 5-3, with the exception that precursor 2-1 r (4 mg) 

18 was used (Reaction Scheme 5-17). A radiation dose of 1.46 
F, mCi was detected in the empty cartridge while the released 

"N-no-n-n-no-n K222 KOMs- solution exhibited a radiation dose of 2.61 mCi. The radio 
n tinyl alcohol TLC (%) was measured at 93% (radiochemical yield 

2-1p 120° C., 10 min 45 (%)=59.3%). 
18 

N-N-N-N-N-N Reaction Scheme 5-17 

FFluoroethyl propargyl diethylene glycol 18F 
50 s 

H K222-KOMs 
N N OTS -- 

(wherein, OTs is as defined above) K) 1- -n-n-n- t-amyl alcohol 
O O 120° C., 10 min 

Example 5-16 55 2-1 
- 

Synthesis of 'Fluoroethylazidoethylethylenegly- ( ) 
col o 

60 
Fluoroethylazidoethylethyleneglycol was synthesized in | N 

radiation dose of 1.29 mCi was detected in the empty 
cartridge while the released solution exhibited a radiation 65 
dose of 2.83 mCi. The radio-TLC (%) was measured at 98% 
(radiochemical yield (%)=67.3%). (wherein, OTs is as defined above) 

H 
N SF, the same manner as in Example 5-3, with the exception that 

precursor 2-1q (4 mg) was used (Reaction Scheme 5-16). A ( ) 
O O 

IFADIBO 
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Example 5-18 upwardly from the bottom of the cartridge after which 
nitrogen gas was also fed from the bottom slowly for 15 min. 

Synthesis of 'FIRGD-ADIBO After being withdrawn from the furnace, the cartridge was 
5 allowed to drain the solution therefrom and washed with 

IFADIBO was prepared from the precursor 2-1r (1 mg) in acetonitrile (3 mL) (Reaction Scheme 5-18). 
a manner similar to that of Example 5-17. The cartridge was 
transferred to a furnace maintained at room temperature, A radiation dose of 1.46 mCi was detected in the empty 
with the reaction solution still confined therein. Then, reac- 10 cartridge while the released solution exhibited a radiation 
tion solution 2 HO/MeOH (1/1, 0.5 mL) in which dose of 2.17 mCi. The radio-TLC (%) was measured at 74% 
N-cRGDfK (3 mg) was dissolved was introduced (radiochemical yield (%)=44.2%). 

Reaction Scheme 5-18 

o 18F 

| H K222-KOMs 
N N OTs -o- 
1- -n-n-n- t-amyl alcohol 

K) O O 120° C., 10 min 

2-1r 

| H 18 
N~N~n-n- -e- 
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HN 

O 

-- 

HO/MeOH 
rt, 15 min 

y-co NH 
HN O 

H O J. 21 /O- - - s O 
-H 

n 
N 
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HN 

O 

y-co NH 
O 

O- - - - - - - - - "n 

(wherein, OTs is as defined above) 

The polymer-precursor mixture 3e (50 mg), prepared in 
Example 3-6, was loaded into a cartridge. Using a syringe, 
3 mL of distilled water was allowed to flow through the 
polymer. Then, an aqueous solution of ''I]NaI (0.72 mCi. 
0.5 mL) was added to the mixture. After the cartridge was 
purged with nitrogen for 1 min, reaction solution 1 (ethanol 
0.5 mL in which chloramin-T (2 mg), and 1-butyl-3-meth 
ylimidazolium methanesulfonate (2 mg) were dissolved) 
was introduced upwardly from the bottom of the cartridge 
which was then fastened with a valve. Using a syringe, 
nitrogen gas was also fed from the bottom slowly for 10 min. 
The cartridge was allowed to drain the solution therefrom 
and washed with acetonitrile (3 mL). The reaction procedure 

Example 5-19 

Synthesis of ''Il FP 
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-continued 

FRGD-ADIBO 

CIT 

is illustrated in Reaction Scheme 5-19. 

A radiation dose of 0.02 mCi was detected in the empty 
cartridge while the released solution exhibited a radiation 
dose of 0.68 mCi. The radio-TLC (%) was measured at 99% 
(radiochemical yield (%)=96.2%). 

Reaction Scheme 5-19 
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O 

18F 

-continued 

1N1 SN 
COMe 

123 

123IFP-CIT 

Example 5-20 

Synthesis of 'IIIodomazenil 

'IIodomazenil was synthesized in the same manner as 
in Example 5-19, with the exception that polymer-precursor 
mixture 3f (50 mg), prepared in Example 3-7, was used 
(Reaction Scheme 5-20). A radiation dose of 0.01 mCi was 
detected in the empty cartridge while the released solution 
exhibited a radiation dose of 0.47 mCi. The radio-TLC (%) 
was measured at 99% (radiochemical yield (%)=96.9%). 

Reaction Scheme 5-20 
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N 
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/ OEt 
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Example 5-21 

Synthesis of GaNOTA-cRGDyK 

Polymer 1-2a (100 mg), prepared in Example 1-6, was 
loaded to a cartridge. Using a syringe, 3 mL of distilled 
water was allowed to flow through the polymer. Then, an 
aqueous Ga HC1 solution (4.39 mCi) eluted with 0.1 N 
HCl (1 mL) from a 'Ga generator was slowly flowed into 
the cartridge, followed by adding distilled water (2 mL). 
Reaction solution 1 sodium acetate/acetic acid buffer in 
which NOTA-cRGDyK (0.5 mg) was dissolved, pH=4.5- 
5.5, 0.5 mL was introduced upwardly from the bottom of 
the cartridge which was then fastened with a valve. The 
cartridge was placed in a furnace maintained at 50° C., and 
using a Syringe, nitrogen gas was introduced upwardly from 
the bottom of the cartridge which was then allowed to drain 
the solution therefrom and washed with ethanol (2 mL) 
(Reaction Scheme 5-21). A radiation dose of 0.21 mCi was 
detected in the empty cartridge while the released solution 
exhibited a radiation dose of 2.89 mCi. The radio-TLC (%) 
was measured at 99% (radiochemical yield (%)=92.3%). 

Reaction Scheme 5-21 
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44 
-continued 

OH s={ 
NH 

2. 68 7-CO-NH GaNOTA-cRGDyK 

HN eOH O 
O H N 

| Yo N. NH 2 
HO N S 

9-NH NH 
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Example 5-22 

Synthesis of CuINOTA-cRGDyK 

CuINOTA-cRGDyK was synthesized in the same man 
ner as in Example 5-21, with the exception that an aqueous 
HCl solution of Cu (2.24 mCi) prepared in cyclotron was 
used (Reaction Scheme 5-22). A radiation dose of 0.09 mCi 
was detected in the empty cartridge while the released 
solution exhibited a radiation dose of 2.13 mCi. The radio 
TLC (%) was measured at 99% (radiochemical yield 
(%)=95.0%). 

Reaction Scheme 5-22 

CO2H 

n1 

CO2H 

NH 

OH S={ 64Cu -e- 

NH H2O 
50° C., 
10 min 
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O Na N 
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HO " S-a--- NH2 
2-N-H O 
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OH 

Example 5-23 

Synthesis of '77LuDOTA-cRGDyK 

Polymer 1-2a (100 mg), prepared in Example 1-6, was 
loaded to a cartridge. Using a syringe, 3 mL of distilled 
water was allowed to flow through the polymer. Then, an 
aqueous ''Lu HCl solution (0.88 mCi) prepared in a 
cyclotron was slowly flowed into the cartridge, followed by 
adding distilled water (2 mL). Reaction solution 1 sodium 
acetate/acetic acid buffer in which DOTA-cRGDyK (0.5 
mg) was dissolved, pH-4.5-5.5, 0.5 mL was introduced 
upwardly from the bottom of the cartridge which was then 
fastened with a valve. The cartridge was placed in a furnace 
maintained at 80°C., and using a syringe, nitrogen gas was 
introduced upwardly from the bottom of the cartridge which 
was then allowed to drain the solution therefrom and washed 

with ethanol (2 mL) (Reaction Scheme 5-23). A radiation 
dose of 0.04 mCi was detected in the empty cartridge while 
the released solution exhibited a radiation dose of 0.83 mCi. 

The radio-TLC (%) was measured at 99% (radiochemical 
yield (%)=96.7%). 
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Reaction Scheme 5-23 
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The invention claimed is: 
1. A method for synthesizing a radiopharmaceutical using 

a polymer-filled cartridge, comprising: 
passing a radioisotope Solution through the polymer-filled 

cartridge to trap a radioisotope; 
loading a reaction Solution to the cartridge which com 

prises a solution of a precursor and/or phase transfer 
catalyst dissolved in Solvent; 

labeling a precursor with the radioisotope entrapped by 
the cartridge; and 

eluting a radioisotope-labeled compound from the car 
tridge to provide the radiopharmaceutical, 

  



US 9,550,704 B2 
47 

wherein the cartridge is filled with a polymer and has a 
structure in which an upper porous frit and a lower 
porous frit are placed, said polymer being located 
between the upper and the lower porous frit, the struc 
ture having a space over the location of the polymer and 
wherein the upper porous frit and the lower porous frit 
are not permeated with the polymer filled within the 
cartridge, but are permeated with a solution, wherein 
the polymer has a structure represented by the follow 
ing Chemical Formula 1-1 or 1-2: 

Chemical Formula 1-1 

GE) O-o-Geo-G) x 
Chemical Formula 1-2 

GE) O-o-Geo-GD'z 
wherein, 
support is a non-soluble organic polymer selected from 
the group consisting of polystyrene, polyethylene gly 
col, and a combination thereof, or a non-soluble silica; 
spacer is a halogen-substituted or unsubstituted 
hydrocarbon of Clso in which at least one element 
Selected from the group consisting of nitrogen, oxygen 
and sulfur may be intermediated: 
Y is a halogen-substituted or unsubstituted organic salt 
Selected from among —NRRR or an imidazolium 
salt 

1-1 

1-2 

wherein R, R2, and Rs are independently a hydrocarbon of 
Clso in which at least one element selected from the group 
consisting of nitrogen, oxygen and Sulfur may be interme 
diated; 
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48 
X is tetrafluoroborate (BF), hexafluorophosphate (PF), 
hexafluoroantimony (SbF), bis(trifluoromethane)sul 
fone imide (N(Tf)), potassium carbonate (KCO). 
bicarbonate (HCO), potassium phosphate (KHPO or 
K2PO), or alkane sulfonate (RSO), wherein R is a 
hydrocarbon of Cso in which at least one element 
Selected from the group consisting of nitrogen, oxygen, 
Sulfur, phosphorous and a combination thereof may be 
intermediated; 

'W' is phosphate ( PO), carboxylate (—CO), or sul 
fonate ( -SO); and 

Z is hydrogen, lithium (Li), sodium (Na), potassium (K), 
rubidium (Rb), cesium (Cs), or quaternary ammonium 
salt of NRRR, wherein R, R and R are halogen 
Substituted or unsubstituted, and independently a 
hydrocarbon of Cso in which at least one element 
Selected from the group consisting of nitrogen, oxygen 
and sulfur may be intermediated. 

2. The method of claim 1, wherein the precursor com 
pound has a structure represented by the following Chemical 
Formula 2-1 or 2-2: 

Chemical Formula 2-1 

2-1 

X-CA) 
Chemical Formula 2-2 

2-2 

wherein, 
X is a sulfonate (R—S(O),O ), aryl iodonium (R— 
I—), quaternary ammonium salt (RRRN ). 
hydrogen, nitro ( NO), alkoxy (RO—), triazolium 
salt 

or organic tin (RR2RSn—), wherein R. R. and R are 
halogen-substituted or unsubstituted and independently a 
hydrocarbon of Cso in which at least one element selected 
from the group consisting of nitrogen, oxygen, Sulfur, phos 
phorus and a combination thereof may be intermediated; 
A is a moiety other than the radioisotope in the radio 
pharmaceutical compound with or without a protecting 
group; 

ligand is a part made of a hydrocarbon containing at 
least one element selected among nitrogen, oxygen and 
sulfur and capable of chelation with a radioactive metal 
ion; 

spacer is an oligopeptide, oligoethylene glycol, or a 
halogen-substituted or unsubstituted hydrocarbon of 
Co in which at least one selected from the group 
consisting of nitrogen, oxygen, Sulfur, phosphorus, and 
a combination thereof may be intermediated; and 

B is a biological compound selected from among an 
amino acid, a Sugar, a lipid, and a nucleic acid. 



US 9,550,704 B2 
49 50 

3. The method of claim 2, wherein the precursor com- -continued 
pound is selected from the group consisting of 

1. 

BOC O a 
5 
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40 
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-continued 

ill Ossy 
HO)CN-N N 

CO2H 

NH 

OH S ( 
NH 
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--N-H NH 
HO.C-V / v/-COH 

C ) 
N N 

HO.c-/ \-COH 

NH 

OH S ( 
NH 

co NH 
O- - - - - - - H O 

O a N 
HN H 
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HO N 

2-N-H NH O 

wherein, —OTf stands for —OS(O). CF, —ONs for 
—OS(O). CH-p-NO, -Tr for C(Ph). —BOC 
for C(O)O-tBu, MOM for CHOCH, -THP 
for -tetrahydropyranyl, and —OTs for —OS(O)— 
CH-p-CH. 

4. The method of claim 2, wherein the ligand of Chemical 
Formula 2-2 is selected from the group consisting of dieth 
ylenetriamine pentaacetic acid (DTPA), ethylenediamine 
tetraacetic acid (EDTA), 1,4,7-triazacyclononane-N,N',N'- 
triacetic acid (NOTA), 1,4,7,10-tetraazacyclododecane-N, 
N',N',N"-tetraacetic acid (DOTA), 14.8, 11-tetraazacyclo 
tetradodecane-N,N',N',N'-tetraacetic acid (TETA), and bis 
(thiosemicarbazone) (ATSM), and mercaptoacetyltriglycine 
(MAG3). 

5. The method of claim 1, wherein the reaction solution 1 
has a solvent selected from the group consisting of acetoni 
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52 
trile, tetrahydrofuran, 1,4-dioxane, diethylether, 1.2- 
methoxyethane, chloroform, 1,2-dichloroethane, 1,1-dichlo 
roethane, dichloromethane, benzene, toluene, Xylene, 
mesitylene, chlorobenzene, dichlorobenzene, acetone, 
methylethylketone, nitromethane, dimethylformamide, dim 
ethylacetamide, dimethylsulfoxide, sulfolane, 1,3-dimethyl 
2-imidazolidinone, triethylamine, diisopropylethylamine, 
pyridine, picoline, collidine, methanol, ethanol, n-propanol, 
n-butanol, amylalcohol, n-hexylalcohol, n-heptanol, n-octa 
nol, isopropanol, isobutanol, isoamylalcohol, 3-pentanol, 
t-butanol, t-amylalcohol, 2,3-dimethyl-2-butanol, 2-(trifluo 
romethyl)-2-propanol, 3-methyl-3-pentanol, 3-ethyl-3-pen 
tanol, 2-methyl-2-pentanol. 2,3-dimethyl-3-pentanol. 2,4- 
dimethyl-2-pentanol, 2-methyl-2-hexanol, 2-cyclopropyl-2- 
propanol, 2-cyclopropyl-2-butanol, 2-cyclopropyl-3- 
methyl-2-butanol, 1-methylcyclopentanol, 
1-ethylcyclopentanol, 3-propyicyclopentanol, 1-methylcy 
clohexanol. 1-ethylcyclohexanol, 1-methylcycloheptanol, 
oligoethylene glycol of R-(OCH2CH), OR, wherein 
RandR are independently a halogen-Substituted or unsub 
stituted hydrocarbon of Cso in which at least one element 
selected from the group consisting of nitrogen, oxygen, 
Sulfur, phosphorus, and a combination thereof may be inter 
mediated, and n is 1-3000, an ionic liquid of 

R R2 N1N1 
N 

l, 
R R 

Re-R, XO, or R-e-R, xe 
k l, 

wherein R.R.R. and R are independently a halogen 
substituted or unsubstituted hydrocarbon of Co in which at 
least one element selected from the group consisting of 
nitrogen, oxygen, Sulfur, phosphorus, and a combination 
thereof may be intermediated, and X is selected from 
methanesulfonate, trifluoromethane sulfonate, hexafluoro 
phosphate, hexafluoroantimonate, tetrafluoroborate, para 
toluenesulfonate, bis(trifluorosulfonyl)imide, water, and a 
combination thereof. 

6. The method of claim 1, wherein the phase transfer 
catalyst is a kryptopix compound selected from the group 
consisting of kryptopix.2.2.2 (4,7,13.16.21.24-hexaoxa-1, 
10-diazabicyclo8.8.8) hexacosane), 4,7,13,16.21-pentaoxa 
1,10-diazabicyclo8.8.5tricosane, 4,7,13,18-tetraoxa-1,10 
diazabicyclo8.5.5eicosane, and 5,6-benzo-4,7,13,16.21, 
24-hexaoxa-1,10-diazabicyclo8.8.8) hexacos-5-ene: a 
crown ether compound selected from the group consisting of 
4'-aminobenzo-15-crown-5, 4'-aminobenzo-15-crown-5, 
4'-aminobenzo-15-crown-5 hydrochloride, 4'aminobenzo 
18-crown-6, 4-aminodibenzo-18-crown-6,2-aminomethyl 
15-crown-5, 2-aminomethyl-15-crown-5, 2-aminomethyl 
18-crown-6, 4-amino-5'-nitrobenzo-15-crown-5, 4'-amino 
5'-nitrobenzo-15-crown-5, 1-aza-12-crown-4, 1-aza-15 
crown-5, 1-aza-15-crown-5, 1-aza-18-crown-6, 1-aza-18 
crown-6, benzo-12-crown-4, 5,6-benzo-4,7,13,16.21.24 
hexaoxa-1,10-diazabicylclo8.8.8) hexacos-5-ene, 1-benzyl 
1-aza-12-crown-4, bis(benzo-15-crown-5)-15-ylmethyl 
pimelate, 4'-bromobenzo-15-crown-5, 4-tert-butylbenzo-15 
crown-5, 4-tert-butylcyclohexano-15-crown-5, 
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4'carboxybenzo-15-crown-5" polyethylene glycols, and a 
crown ether compound of polyethylene oxides; R— 
(OCH2CH), OR, oligoethylene glycol wherein R and 
R2 are independently a halogen-substituted or unsubstituted 
hydrocarbon of Clso in which at least one element selected 
from the group consisting of nitrogen, oxygen, Sulfur, phos 
phorus, and a combination thereof may be intermediated, 
and n is 1-3000; 

RIS 1 n- O O 
GE XV, to XY-, 

R 
R R 

G | © 
R-N-R, XO, R--R, xe, or 

R3 

C - D) 
N-S)- 

wherein R. R. R. and Ra are independently a halogen 
substituted or unsubstituted hydrocarbon of Co in which at 
least one element selected from the group consisting of 
nitrogen, oxygen, Sulfur, phosphorus and a combination 
thereof may be intermediated, X is methanesulfonate, trif 
luoromethanesulfonate, hexafluorophosphate, hexafluoroan 
timonate, tetrafluoroborate, paratoluenesulfonate, bis(trif. 
luorosulfonyl)imide, potassium carbonate (KCO). 
bicarbonate (HCO), or potassium phosphate (KHPO or 
KPO). 

7. The method of claim 1, wherein the radioisotope is 
selected from the group consisting of F-18, Sc-44, Ti-45, 
Fe-52, Co-55, Cu-61, Cu-62, Cu-64, Ga-66, Ga-67, Cu-67, 
Ga-68, Br-77, Sr-83, Y-86, Zr-89, Y-90, Tc-99m, In-110, 
In-111, I-123, I-124, I-125, I-131, Lu-177, and Re-188. 

8. The method of claim 1, further comprising, loading a 
second reaction solution for deprotection to the cartridge; 
and 

deprotecting the radioisotope-labeled compound in the 
cartridge; or 

loading a third reaction solution for conjugation to the 
cartridge, and conjugating 

the radioisotope-labeled compound with a disease-target 
ing compound in the cartridge. 

9. The method of claim 8, wherein the second reaction 
Solution contains an acid or a base, the acid being selected 
from the group consisting of hydrochloric acid, bromic acid, 
iodic acid, Sulfuric acid, phosphoric acid, acetic acid, ben 
Zoic acid, dichloroacetic acid, trichloroacetic acid, trifluo 
roacetic acid, methanesulfonic acid, trifluoromethanesulfo 
nic acid, benzenesulfonic acid, and p-toluenesulfonic acid, 
the base being selected from the group consisting of trim 
ethylamine, triethylamine, diisopropylethylamine, 4-(N.N- 
dimethylamino)pyridine, 1,8-diazabicyclo[5.4.0]undec-7- 
ene (DBU), 1,5-diazabicyclo4.3.0non-5-ene (DBN), 1,4- 
diazabicyclo[2.2.2]octane (Dabco), N-methylmorpholine, 
pyridine, picoline, collidine, guanidine, 1,1,3,3-tetramethyl 
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guanidine, MOH, M'(OH), MHCO, MCO, M'CO, 
MPO, MHPO, and MOR wherein M is selected from 
the group consisting of Li, Na, K, Cs, NH, NMea, NEt, 
NBua, and NMeBn, M is selected from the group consist 
ing of Mg, Ca, and Ba, and R is selected from the group 
consisting of methyl, ethyl, isopropyl, and t-butyl, and has 
a solvent selected from the group consisting of acetonitrile, 
tetrahydrofuran, 1.4-dioxane, diethylether, 1.2-methoxy 
ethane, chloroform, 1,2-dichloroethane, 1,1-dichloroethane, 
dichloromethane, benzene, toluene, Xylene, mesitylene, 
chlorobenzene, dichlorobenzene, acetone, methylethylke 
tone, nitromethane, dimethylformamide, dimethylacet 
amide, dimethylsulfoxide, sulfolane, 1,3-dimethyl-2-imida 
Zolidinone, triethylamine, diisopropylethylamine, pyridine, 
picoline, collidine, methanol, ethanol, n-propanol, n-buta 
nol, amylalcohol, n-hexylalcohol, n-heptanol, n-octanol, 
isopropanol, isobutanol, isoamylalcohol, 3-pentanol, t-buta 
nol, t-amylalcohol. 2,3-dimethyl-2-butanol, 2-(trifluorom 
ethyl)-2-propanol, 3-methyl-3-pentanol, 3-ethyl-3-pentanol, 
2-methyl-2-pentanol. 2,3-dimethyl-3-pentanol. 2,4-dim 
ethyl-2-pentanol, 2-methyl-2-hexanol, 2-cyclopropyl-2-pro 
panol, 2-cyclopropyl-2-butanol, 2-cyclopropyl-3-methyl-2- 
butanol, 1-methylcyclopentanol. 1-ethylcyclopentanol, 
3-propylcyclopentanol. 1-methylcyclohexanol, 1-ethylcy 
clohexanol. 1-methylcycloheptanol, oligoethylene glycol of 
R—(OCH2CH), OR, wherein R and R2 are indepen 
dently a halogen-substituted or unsubstituted hydrocarbon 
of Cso in which at least one element selected from the 
group consisting of nitrogen, oxygen, Sulfur, phosphorus and 
a combination thereof may be intermediated, and n is 
1-3000), an ionic liquid of 

RIS 1 n- O O 
G) XY, R-t XY, 

R 
R R 

() g 
R.-- XO, or R.-- xe 

R3 R3 

wherein R.R.R. and R are independently a halogen 
substituted or unsubstituted hydrocarbon of Co in which at 
least one element selected from the group consisting of 
nitrogen, oxygen, Sulfur, phosphorus and a combination 
thereof may be intermediated, and X is methanesulfonate, 
trifluoromethane sulfonate, hexafluorophosphate, hexafluo 
roantimonate, tetrafluoroborate, paratoluenesulfonate, or bis 
(trifluorosulfonyl)imide, water, and a combination thereof. 

10. The method of claim 8, wherein the third reaction 
Solution contains a disease-targeting compound that is 
capable of conjugation with the radioisotope-labeled com 
pound, and has a solvent selected from the group consisting 
of acetonitrile, tetrahydrofuran, 1.4-dioxane, diethylether, 
1.2-methoxyethane, chloroform, 1,2-dichloroethane, 1,1-di 
chloroethane, dichloromethane, benzene, toluene, Xylene, 
mesitylene, chlorobenzene, dichlorobenzene, acetone, 
methylethylketone, nitromethane, dimethylformamide, dim 
ethylacetamide, dimethylsulfoxide, sulfolane, 1,3-dimethyl 
2-imidazolidinone, triethylamine, diisopropylethylamine, 
pyridine, picoline, collidine, methanol, ethanol, n-propanol, 
n-butanol, amylalcohol, n-hexylalcohol, n-heptanol, n-octa 
nol, isopropanol, isobutanol, isoamylalcohol, 3-pentanol, 
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t-butanol, t-amylalcohol. 2,3-dimethyl-2-butanol, 2-(trifluo 
romethyl)-2-propanol, 3-methyl-3-pentanol, 3-ethyl-3-pen 
tanol, 2-methyl-2-pentanol. 2,3-dimethyl-3-pentanol. 2,4- 
dimethyl-2-pentanol, 2-methyl-2-hexanol, 2-cyclopropyl-2- 
propanol, 2-cyclopropyl-2-butanol, 2-cyclopropyl-3- 5 
methyl-2-butanol, 1-methylcyclopentanol, 
1-ethylcyclopentanol, 3-propylcyclopentanol, 1-methylcy 
clohexanol. 1-ethylcyclohexanol, 1-methylcycloheptanol, 
oligoethylene glycol of R-(OCH2CH), OR, wherein 
R and R are independently a halogen-substituted or unsub 
stituted hydrocarbon of Cso in which at least one element 
selected from the group consisting of nitrogen, oxygen, 
Sulfur, phosphorus and a combination thereof may be inter 
mediated, and n is 1-3000, an ionic liquid of 
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R R2 NN1N1 
N 

2O 
R 

GE) GE) 

R.-- XO, or R.-- xe 
R3 R3 25 

wherein R.R.R. and R are independently a halogen 
substituted or unsubstituted hydrocarbon of Clso in which at 
least one element selected from the group consisting of 
nitrogen, oxygen, Sulfur, phosphorus and a combination 
thereof may be intermediated, and X is methanesulfonate, 
trifluoromethane sulfonate, hexafluorophosphate, hexafluo 
roantimonate, tetrafluoroborate, paratoluenesulfonate, or bis 
(trifluorosulfonyl)imide, water, and a combination thereof. 

30 

11. The method of claim 10, wherein the radioisotope- 35 
labeled compound has a structure represented by the fol 
lowing Chemical Formula 3: 

Chemical Formula 3 40 

E-CA) 

wherein, A is a moiety other than the radioisotope in the 
radiopharmaceutical compound with or without a protecting 
group; and E is F-18, I-123, I-124, I-125, or I-131. 

12. The method of claim 11, wherein the radioisotope 
labeled compound is selected from the group consisting of 
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18F O 

N-1N1 S-1 N1s 
18F O 
N-1\1\-1 N-1\,. and 

8F. 

( ) r --- 
13. The method of claim 10, wherein the disease-targeting 

compound is a compound represented by the following 
Chemical Formula 4: 

Chemical Formula 4 

J-CT) 
wherein T is a biological compound selected from the 
group consisting of an amino acid, a Sugar, a lipid and a 
nucleic acid, and “J” is selected from NHR, OH, CO. R. 
N. C=C H., PRR, NHNH, ONH, and 

wherein R and R2 are independently a halogen-substituted 
or unsubstituted hydrocarbon of Clso that may contain at 
least one element selected from the group consisting of 
nitrogen, oxygen, Sulfur, phosphorus, and a combination 
thereof. 

14. The method of claim 1, further comprising neutraliz 
ing the Solution in the cartridge with an acid or a base, prior 
to eluting a radioisotope-labeled compound from the car 
tridge. 

15. The method of claim 8, where the labeling the 
precursor, deprotecting the radioisotope-labeled compound 
and conjugating the radioisotope-labeled compound is car 
ried out in Such a manner that a gas is provided to mix the 
respective reaction solution well. 

k k k k k 


