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A microscale synthesis of [ '*NJcisplatin (cis-dichlorodiammineplatinum(ll), cis-DDP) from
cyclotron-produced [ '*NJammonia is presented. Temperature, reaction time, ratios, and
concentration of reactants have been optimized for each step of the synthesis. Purification is
performed by ion exchange chromatography. Radiochemical purity and optimization processes are
controlled by high performance liquid chromatography and high performance thin layer
chromatography—22 mCi ['*N]cisplatin in 10 ml of solution is produced. The entire procedure
takes ~ 15 min and the specific activity is ~300 mCi/umole at EOB.
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Since the discovery of the antitumor activity of cis-
platin (cis-dichlorodiammineplatinum(II), cis-DDP,
cis-Pt(NH;),Cly) (1), interest in this inorganic com-
plex and its analogs has increased rapidly. Numerous
papers have appeared concerning chemistry (2), ana-
lytic methods (3), mechanism of action (4), biologic
properties (5), dose-limiting toxicity (6), and clinical
results (7) of this drug. The incorporation of radionu-
clides of platinum (Pt), mainly the gamma-emitter
195mpt, has facilitated these studies (8-12). Synthesis
and purification of !9°mPt-labeled cisplatin has already
been described. Because of the 4-day half-life and be-
cause of the relatively large quantities of starting mate-
rial, insoluble intermediates can be isolated and the end
product recrystallized (13,14).

Previous studies indicate that the biotransformation
of cisplatin is extremely complex. It is now generally
believed that cisplatin exercises its antitumor activity
by reacting with the cellular DNA (4).

Invitro experiments with Pt(H,NC,H4NH,)Cl, and
Pt(CH3;NH,) Cl,, both labeled with 95mPt and carbon-
14, proved that the amine-ligand remains bound to
platinum upon reaction with DNA (15,16). However,
these results don’t agree with in vivo experiments,
where both labels do not remain together (16). An

Received June 19, 1985; revision Nov. 11, 1985.

For reprints contact: Bart De Spiegeleer, MD, Dept. of Pharma-
ceutical Chemistry and Drug Quality Control, Faculty of Pharma-
ceutical Sciences, State University of Ghent, Harelbekestraat 72, B-
9000 Ghent, Belgium.

Volume 27 ¢ Number 3 ¢ March 1986

explanation has to be sought in the reaction with sulfur-
containing compounds such as methionine, glutathi-
one, peptides, and proteins (/7,18). Therefore, further
investigations about the fate of the amine-ligand are
necessary. Nitrogen-13- (!3N) labeled cisplatin is an
interesting compound for studying the behavior of the
Pt-N bound.

Nitrogen-13 is a positron-emitter with a 10-min half-
life, suitable not only for in vitro biochemical investiga-
tions (19), but also for in vivo imaging with positron
emission tomography (PET) (20). Because of the short
half-life, time is one of the key variables to be opti-
mized. This paper presents in full detail the synthesis,
purification, and quality control by chromatographic
techniques of '’N-labeled cisplatin at a sub-umole
scale.

MATERIALS AND METHODS

The entire procedure can be divided into three parts:
(a) production of 3N-labeled ammonia, (b) synthesis
of cisplatin, and (c) purification. The completely re-
mote-controlled setup is shown in Fig. 1. All the neces-
sary precautions were taken to guarantee the sterility of
the end product: the whole circuit was flushed with
water for injection; then the ion exchanger was equili-
brated with autoclaved isotonic sodium chloride solu-
tion. At the collection point, an extra Millipore filter
was provided.
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FIGURE 1
Production system

Production of 1’N-Labeled Ammonia

Nitrogen-13 ammonia was produced by irradiation
of water as described by Slegers et al. (21). To prevent
the NaOH solution from entering the collector, silan-
ized glasswool was placed in the lower part of the
condenser. The distilled '*NH; was trapped in 400 ul of
water for injection, cooled to 0°. One hundred microli-
ters of a solution containing 1 umole of NHj; carrier was
added to the collection tube.

Synthesis

The whole synthesis was performed at a temperature
of 80°C. Ten microliters of KI solution (6 umole) and
20 ul of K,PtCl, solution (1 umole) were placed in vial
A and heated for 2 min. The ['*N]ammonia solution
was pumped from the collection tube (pump 1, Fig. 1)
into the K,Ptl,4 solution. The mixture was heated again
for 2 min. Subsequently, 100 ul of AgNOj; solution
(i1 umole) were added and heated for 3 min. The slurry
was filtered (peristaltic pump 2, Fig. 1) through a glass
tube filled with prewetted silanized glasswool into vial
B, previously filled with 10 mg of finely divided NaCl.
After mixing, vial B was heated for 2 min.

Purification

The resulting solution was sucked into a 700-ul loop
by a peristaltic pump (pump 3, Fig. 1). By pump 4, the
loop content was transferred onto an anion exchange
column (AG 1X8, 100-200 Mesh; 60 X 5 mm). Elution
was performed with 0.9% m/v solution of sodium chlo-
ride at a flow rate of 1 ml/min. After passage of unre-
tained '3N-labeled impurities, detected by a GM
counter, a valve is switched and the flow rate increased
to 3 ml/min in order to collect >N-labeled cisplatin.
The entire procedure took ~15 min.
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waste

0.9% NaCl

RESULTS AND DISCUSSION

Methods for the synthesis of unlabeled cisplatin were
described by Kauffman (22), Lebedinskii (23), and
Dhara (24). Because of the high yield, purity, and the
absence of transderivatives, the procedure of Dhara
(24) was followed. The reaction scheme is given in
Fig. 2.

Each step was optimized by varying one factor at a
time. Analysis of the end product was performed by
high performance thin layer chromatography

lSO(p'u)ISN

NaOH
i Devarda’s alloy

KI
| KZPt 14 -— KZPtCIA

<< cis - Pt(uNH3 )2 12
°
. ) 24+
cis - Pt( 3NH3)2(H20)2
I NaCl
[16]
= . 13
.g cis - Pt( NH3)2CI2
FIGURE 2

Reaction schema
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TABLE 1
Influence of pH on Yield of Cisplatin

pH* Yield (%)t

<8.02 <det. lim.
9.09 25
9.98 51
10.85 43

>11.68 <det. lim.

* pH Is adjusted with NaOH or HCI.
1 Yield of cisplatin from 2 umole NH;, determined with HPTLC.

(HPTLC) using postchromatographic derivatization
with p-nitrosodimethylaniline (25) and high perfor-
mance liquid chromatography (HPLC) using gamma
counting and uv detection at 301 nm (26). Comparable
results were obtained.

Both radioactive and stable NH; were employed in
this study. Yields are higher with stable NH; (up to
70%), because the synthesis was done in more con-
trolled conditions: exact amounts of NH3 (2 umole/500
ul) were used and exact volumes were manually trans-
ferred. In this way, losses in tubing, valves, vials and in
the filter do not occur.

Step 1. Two modifications of the described ’NHj;
production (2/) had to be made. First, in order to
prevent traces of alkali from entering the collector
causing a significant decrease in yield (Table 1), glass
wool was placed in the lower part of the condenser. This
breaks down the aerosol of NaOH, and in addition
reduces the volume of distillate without significantly
retaining the ammonia. The pH of the distillate without
glass wool was 11.8. With glass wool, it is reduced to
9.7, i.e., the same as for a NHj3 solution in bidistilled
water.

Second, in order to trap the maximum amount of
13N-labeled ammonia, we used 400 ul of bidistilled
water in the collection tube at 0°C. This is the mini-
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FIGURE 3

Effect of volume of water on '*NH, trapping efficiency.
Trapping of *NH; in 1 ml of 12M HCI has been taken as
100% activity
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FIGURE 4

Influence of ratio of NH; to K,Ptl, on yield of cisplatin.
Amount of K,Ptl, is 1 umole. Reaction volume was same for
all experiments

mum volume of water that results in no loss of activity
(Fig. 3). At room temperature, even for higher volumes,
losses of as large as 25% occur.

Using the Berthelot color reaction (27) it was shown
that the amount of NHj in the distillate ranges from
0.46 t0 0.65 umole. Adding 1 umole of inactive NHj to
the distillate thus gives between 1.46 and 1.65 umole of
NH;. Addition of carrier ammonia increases the cispla-
tin yield by greater than a factor of 2, so no significant
decrease in specific activity occurs, but the reproduc-
ibility of the [!*N]cisplatin yield is enhanced. If more
than the stoichiometric amount of ammonia is present,
a decrease in yield and an increase in byproducts is
observed (Fig. 4). If less ammonia is present, there is a
slighter decrease in yield, merely as a consequence of a
dilution effect, and the final product contains less
impurities.
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FIGURE §

Effect on cisplatin yield of reaction time (at 80°C) of conver-
sion of K,Ptl, and NH; to cis-Pt(NH;3).l2.
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TABLE 2

Distribution of 13N Activity

Vial A 8.7%
Filter 16.9%
Vial B 9.4%
Column 5.8%
Not retained

Waste fraction 32.1%
Cisplatin fraction 27.1%

Step 2. K,PtCly is rapidly converted to K,Ptl; by
reacting with 1.5 times the stoichiometric amount of KI
at 80°C for 1 to 3 min. A decrease in the yield of
cisplatin is observed when heating is applied more than
5 min or when less KI is used. Reaction of K,PtI; with
ammonia is one of the most critical steps; not only the
pH and the NH; to K,Ptl, ratio, but also the reaction
time is critical. As can be seen in Fig. 5, the optimal
reaction time is 2 min.

No cisplatin is formed when the ammonia is trapped
directly in a diluted solution of K,Ptl,. Instead, a black-
green precipitate, most probably a mixture of metallic
platinum and tetramineplatinum(II) complexes like
Magnus’ green salt (28,29), is seen in the collection
tube.

Step 3. Addition of a slight excess (10%) of AgNO;
and 3 min reaction at 80°C is sufficient. Adding more
AgNOj; or prolonged heating does not improve the
yield.

Step 4. After the formation of the aquoderivatives,
on-line filtration of the insoluble silver halogenides is
performed. Conversion to cisplatin by reaction with 10
mg NaCl takes 2 min at 80°C. A greater excess of NaCl
and prolonged heating gives a decrease in yield.

Purification

Cisplatin, a neutral molecule with a dipole moment,
can be separated from transplatin, which has no dipole
moment, from positively charged impurities, e.g., the
aquo compounds and (NH,)*, from negatively charged
impurities, e.g., the starting materials (PtCly)2~ and
(Ptl4)?~, by ion exchange chromatography. Elution on
AG 1X8 (100-200 mesh) anion exchanger with 0.9%
m/v NaCl solution gives no retention of the positive
impurities and of transplatin, which are eluted as the
“solvent” peak. Cisplatin shows some retention and is
eluted after the solvent peak. The negative impurities
aresstrongly retained and remain on the column. For the
elution experiments, the platinum compounds were
detected by the color reaction with SnCl, (30).

Elution with 0.9% m/v NaCl solution has the advan-
tage of the product being obtained in a solution suitable
for i.v. injection.

Yield and Specific Activity
Table 2 shows the distribution of the 3N activity. For
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HPLC chromatogram of cisplatin fraction. Stationary phase:
Lichrosorb 10 RP 18 (250 X 4.6 mm) preloaded with hexa-
decyltrimethylammoniumbromide (0.5% m/v HTAB in wa-
ter); mobile phase: 10~"*M HTAB in 10~2M citrate buffer at
pH7

a 20-min irradiation with 18 MeV protons at a 20-uA
intensity and a synthesis time of 15 min, 22 mCi of 1’N-
labeled cisplatin in 10 ml of solution are produced,
which represents a sufficient amount for PET. The
radiochemical purity of the !3N-labeled cisplatin frac-
tion was determined by HPLC analysis (Fig. 6), and
found to be pure. The carrier amount, determined by
HPLC, was at most 0.2 umole, which is far below the
dose given in chemotherapy. The collected !3N-labeled
cisplatin fraction could not be analyzed with HPTLC
because of the large dilution (20X) as a result of the ion
exchange chromatography, and of the very low applica-
tion volumes in HPTLC (200 nl) in contrast to the
100-ul injection volume in HPLC.

The specific activity was ~100 mCi/umole,
corresponding to ~300 mCi/umole at EOB.
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