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A combined simple bubbling method with high 

performance liquid chromatography purification 

strategy with higher radiochemical yield and purity 

and faster preparation of carbon-11-raclopride

Abstract
Objective: Carbon-11-raclopride (��C-R) is a positron-emitting radiotracer successfully used for the study 
of cognitive control and widely applied in PET imaging. A simple automated preparation of ��C-R by using 
the reaction of carbon-11-methyl tri�ate (��C-MeOTF) or ��C-methyl iodide (��C-MeI) with demethylraclo-
pride is described. Methods: Speci�cally we used a simple setup applied an additional �U� reaction vessel 
for ��C-MeOTf compared with ��C-MeI and assessed the in�uence of several solvents and of the amount of 
the percussor for ��C-methylation of demethylraclopride by the bubbling method. The reversal of reten-
tion order between product and its precursor has been achieved for ��C-R, enabling collection of the puri-
�ed ��C-R by using the HPLC column after shorter retention time. Results: By the improved radiosynthesis 
and puri�cation strategy, ��C-R could be prepared with higher radiochemical yield than that of the 
previous studies. The yield for ��C-MeOTf was 76% and for ��C-CH�I >26 % and with better radiochemical 
purity (>99% based on both ��C-MeOTf and ��C-MeI) as compared to the previously obtained purity of ��C-R 
using HPLC method with acetonitrile as a part of mobile phase. Furthermore, by using ethanol as the 
organic modi�er, residual solvent analysis prior to human injection could be avoided and ��C-R could be 
injected directly following simple dilution and sterile �ltration. Conclusion: Improved radiosynthesis and 
HPLC puri�cation in combination with ethanol containing eluent, extremely shortened the time for 
preparation of ��C-R, gave a higher radiochemical yield and purity for ��C-R and can be used for multiple and 
faster synthesis of ��C-R and probably for other ��C-labeled radiopharmaceuticals.
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Introduction

Carbon-11- raclopride (��C-R) is a useful and extensively used positron-emitting 
radiotracer for the study of cognitive control and it has been widely applied in 
PET imaging for many years [1-4]. However, many of the di�culties involved a 

common radiochemistry laboratory, such as the necessity for rapid, reliable, e�cient 
and automated procedures, have limited the preparation of ��C-R for clinical diagnosis 
and research. The radiosynthesis procedures have so far been greatly improved by 
various techniques [5, 6]. Among these, the most common is to simplify and replace 
parts of the whole procedure and especially the puri�cation procedure. Moreover, 
radiosynthesis of ��C-R has been evolved to more e�cient ��C-methylation by substitu-
ting ��C-MeI with ��C-MeOTf. Since ��C-MeOTf is 105 times more reactive and less volatile 
��C-methylation agent compared with ��C-MeI, it provides higher radiochemical yield, le-
ss amount of precursor, shorter reaction time and lower reaction temperature, it has 
recently been used extensively in the synthesis of ��C-R.

When the synthesis of ��C-R is completed, the product is generally puri�ed using a 
conventional (explain the acronym) HPLC puri�cation strategy eventually followed by 
additional steps, such as evaporation, SEP-PAK C18 puri�cation and formulation to ob-
tain an injectable solution [7, 8]. Many other researchers tried to optimize the total 
puri�cation time using a semi-preparative column or an analytical column with various 
�llers such as C18, CN and C16-alkylamine column combined with various mobile pha-
ses [9, 10]. The e�ect of each �ller of the HPLC columns on separation is based on di�e-
rences in lipophilicity, thereby a suitable HPLC column is the one that  signi�cantly inc-
reases the radiochemical yield of ��C-R. Unfortunately, attention is often paid to fully 
optimizing the radiosynthesis procedure or the rest of the procedure (i.e. HPLC 
separation and formulation), while only a short reaction leading to seperation or formu-
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lation can not considerably increase the overall yield.
In order to overcome the current drawbacks in the pre-

paration of ��C-raclopride, we describe here a very simple 
modi�cation of Sumitomo Tracerlab which enables perfor-
mance of both ��C-methylation using ��C-MeOTf in the same 
module and puri�cation using HPLC in combination with 
ethanol-containing mobile phases. This approach can tact-
fully combine the conventional bubbling of ��C-MeOTf into a 
glass vessel �lled with the precursor solution and the HPLC 
column puri�cation with suitable mobile phases. Fur-
thermore, the e�ects of precursor amount, solvent, base, 
methylating agent and temperature were examined to 
optimize the ��C-methylation of desmethylraclopride, which 
provides higher and more reproducible radiochemical yield 
and purity. In addition, introducing ethanol with concentra-
tions of maximum 10% as an essential part of the mobile 
phase, the eluent was compatible with a straight forward 
injection of the solution to the patient.

Materials and Methods

Materials
Chemicals and solvents were from J & K Scienti�c (China), 
except for (S)-O-desmethylraclopride that was purchased 
from ABX, Radeberg, Germany. All reagents were of great 
quality and used without further puri�cation. In the 
Sumitomo Tracerlab, slightly modi�ed, a �U� vessel was 
inserted between the ��C-MeI reactor and the methylating 
reactor bathed in an oil pot. Silver tri�ate (1.0g) and graphite 
(1.5g, 80 100mesh) were completely mixed and packed in 
the �U� vessel.

Methods: Production of 11C-MeI and 11C-MeOTf
Carbon-11-MeI or ��C-methyl tri�ate were prepared starting 
from ��C-carbon dioxide. This was produced in a Cypris 
HM12 cyclotron (Sumitomo Heavy Industries, Inc.) with a 
starting activity of 26-30GBq and then converted to ��C-MeI 
by the catalytic gas-phase iodination reaction (Sumitomo 
Tracerlab, Japan) [11]. Carbon-11-MeI, swept with a nitrogen 
�ow at 40mL/min, passed through the AgOTf vessel heated 

oat 180 C, a�ording ��C-MeOTf [12].

Radiosynthesis of [��C]raclopride
Carbon-11-MeI or ��C-MeOTf in carrier nitrogen was bub-
bled for 3.0min through a glass vial containing a solution of 
desmethylraclopride, and an equimolar amount of NaOH 
(1M) at an appropriate temperature. When the radioactivity 
of the reaction vial reached maximum activity levels, the 
reaction mixture was diluted with a small volume of HPLC 
solution and subsequently injected directly onto a reverse-
phase HPLC column (Waters� C18, 5�m, 10×250mm) with a 
solvent system of 10mM H�PO�/ethanol 96% (80:20, V/V), 
�ow rate 5.0mL/min and wave length �=250nm. The 
product fraction was collected with about 5mL and passed 
through two consecutive sterile 0.22�m membrane �lters 
into a sterile vial containing 5.0mL 0.1M phosphate bu�er 

pH 7, a�ording a 10% ethanol solution of 11C-raclopride. 
After formulation, we measured: the pH using pH strips, the 
radiochemical purity by thin-layer chromatography (radio-
TLC), and sterility. Furthermore, pyrogen tests were perfor-
med according to the monographs prescribed in the Chi-
nese Pharmacopoeia [13].

Results 

In this paper we described how ��C-R was synthesized by ��C-
MeI or by ��C-MeOTf using automated procedures and a 
bubbling method with the same setup. The puri�cation 
using semi-preparative HPLC columns, when combined 
with an ethanol-containing mobile phase, a�orded a strai-
ght forward injectable ��C-R solution. The optimal radioche-
mical yields of ��C-R were over 26% (decay corrected, based 
on ��C-MeI) and 76% (decay corrected, based on ��C-MeOTf), 
respectively. The radiochemical purities of the �nal products 
were over 99%. The speci�c activities of �nal products were 
148-185GBq/�mol. The total time including radiosynthesis 
and puri�cation of ��C-R was less than 23min.

 The in�uence of di�erent amounts of the precursor and of 
the reaction solvents, on the radiochemical yield of ��C-R was 
investigated using both methylating agents. There was a 
signi�cant yield loss when the essential amount of precu-
rsors were sharply reduced from 1.0mg to 0.1mg, but the 
yield reached a plateau after over 1mg of precursors (Figure 
1). Acetone was the most suitable solvent for methylation 
reaction among acetone, acetonitrile and dimethylfor-
mamide, and 1mL of acetone was the best solution volume 
(Figures 2 and 3). 

Figure 1. Precursor amount vs the ��C-methylation yield (n�3). Solvent: acetone, 
0.5mL.

The hydrophobic and polar interactions in reversed-phase 
HPLC column were taken into consideration when a rea-
ction mixture was injected into the HPLC. We used ethanol as 
an essential part of the mobile phase in C18 HPLC puri�-
cation of ��C-R, because the eluent is compatible with a strai-
ght forward produced injectable solution. The mobile pha-
ses with ethanol concentrations from 10% to 20% were suita-
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ble for the fastest and best separation of ��C-raclopride from 
its precursor. Furthermore, the most optimal separation con-
ditions were achieved on a semi-preparative HPLC column 
combined with 10mM H�PO�/ethanol: 80/20(V/V) as mobile 
phase and a �ow of 5mL/min (Figure 4). After formulation, 
the pH, radiochemical purity, sterility and pyrogen tests 
were analyzed for laboratory, animal, or human clinical 
testing.

Figure 2. Solvent e�ect on radiochemical yield of ��C-raclopride (n�3). Precursor 
amount: 1mg.

Figure 3. Solution volume vs the ��C-methylation yield (n�3). Solvent: 
acetone.

Discussion

For many decades, many investigations reported various 
implementations to optimize the radiosynthesis procedure 
of ��C-R or its puri�cation strategy, but only a few considered 
both its radiosynthesis and puri�cation simultaneously. 
Comparing the e�ectiveness of the methylating agent ��C-
MeI or ��C-MeOTf made it possible to sharply reduce the es-
sential amount of the precursor from 1.0mg to 0.1mg with 
signi�cant yield loss. The radiochemical yield initially in-
creased rapidly with the amount of the precursor but then 

after 1mg reached a plateau (Figure 1).

Figure 4. Semi-preparative HPLC separation of ��C-raclopride.

The in�uence of three reaction solvents acetone, acetoni-
trile (MeCN) and dimethylformamide, (DMF), on the radio-
chemical yields of ��C-raclopride was studied for both 
methylating agents (Figure 2). Dimethyl Sulphoxide (DMSO) 
as a polar aprotic solvent was the �rst solvent to be conside-
red in the radiosynthesis of ��C-raclopride from ��C-MeI. How-
ever, it gave too low yield to perform further studies [5]. 
Acetone, MeCN and DMF were commonly used for ��C-
methylations with ��C-MeOTf or ��C-MeI. By using DMF 
instead of acetone and MeCN we had a lower radiochemical 
yield for ��C-MeOTf but a higher yield for ��C-MeI (Figure 2). 
Acetone having higher polarity and volatility can sustain the 
most nucleophilic reaction between the precursor and ��C-
MeOTf but not between precusor and ��C-MeI, since ��C-Me-
OTf is more active in the bimolecular nucleophilic substi-
tution reaction (SN2) than ��C-MeI. On the other hand, low 
radiochemical yields of the methylation reaction when 
using ��C-MeI in acetone explained the above results (Figure 
3). So, acetone as a solvent was more suitable for ��C-methy-
lations using ��C-MeOTf, and DMF could act as the reaction 
solvent for ��C-MeI. The radiochemical yield of ��C-R based on 
��C-MeOTf and acetone solvent is higher than that using 
simple-loop method [5, 9], and far more than that of ��C-R 
based on ��C-MeI and DMF solvent. The radiochemical yield 
is shown in Figure 3.

After the methylation reaction, the product is more lipo-
philic than the precursor and minimizes the opportunities to 
form hydrogen bonds with the C18 column stationary pha-
se. Then a reversal of the retention order between product 
and its precursor may result. The optimal separation of ��C-
raclopride from the precursor was achieved on a semi-pre-
parative HPLC column in combination with an ethanol-con-
taining mobile phase and a �ow of 5mL/min. Optimization 
of radiosynthesis and of puri�cation, not only increased the 
radiochemical yield by reducing the whole radiosynthesis 
time and the elution time of ��C-R to only about 5min, (Figure 
4), but also improved the radiochemical purity because 
there was no tailing on the HPLC column after cutting down 
the amount of the precursor. ��C-R could be faster prepared 
and with higher radiochemical purity (>99% based on both 
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��C-MeOTf and ��C-MeI) as compared to the previously obtai-
ned purity of ��C-R using HPLC method with acetonitrile as a 
part of mobile phase [6]. In addition, as the product fraction 
was collected within about 1min and transferred through a 
sterile 0.22�m membrane �lter into a sterile vial containing 
5.0mL of 0.1M phosphate bu�er pH 7, the introduction of 
the semi-preparative HPLC column made it possible to grea-
tly reduce the �nal formulation volume to a 10mL solution. 
After optimization of radiosynthesis and puri�cation, it was 
possible to achieve high radiochemical yields and signi-
�cantly reduce puri�cation time to a total of 7-8 min. The 
total time including radiosynthesis and puri�cation of ��C-R 
was less than 23min, which saved 8-10 min from ��CO� to ��C-
R as compared to the other preparation method [5, 6, 9].

In conclusion, by a simple setup and an additional method 
for ��C-MeOTf compared with ��C-MeI, the injectable solution 
of ��C-raclopride was prepared with higher radiochemical 
yield  (76% and 26% based on ��C-MeOTf and ��C-MeI, respe-
ctively) and better radiochemical purity (>99% based on 
both ��C-MeOTf and ��C-MeI). With proper chromatographic 
conditions, ��C-raclopride was eluted from the HPLC column 
prior to its less lipophilic precursor. Furthermore, by using 
ethanol and aqueous bu�ers in the eluent systems, ��C-raclo-
pride could be formulated by a simple dilution of the colle-
cted HPLC fraction, without lengthy evaporation or solid 
phase extraction procedures for the removal of the organic 
solvents. The preparation method of ��C-raclopride could 
also be used for a multiple faster and reliable synthesis of 
other ��C-labeled radiopharmaceuticals in a faster and relia-
ble manner.
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