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Characterisation and biodistribution of two neutral
99mTc(CO)3 complexes with a tridentate ligand
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Abstract—N-(2-Mercapto-propyl)-1,2-phenylenediamine (MPPDA) and N-b-aminoethylglycine (AEG) were labelled with
99mTc(CO)3

+ to form the neutral complexes [99mTc(CO)3(MPPDA)] and [99mTc(CO)3(AEG)]. Both complexes were formed in excel-
lent yields and their identity was confirmed by LC–MS. In mice, none of the new tracer agents showed brain uptake.
[99mTc(CO)3(MPPDA)] was trapped mainly in the liver and excreted via the hepatobiliary system, whereas [99mTc(CO)3(AEG)]
was excreted rapidly via the kidneys to the urine.
� 2005 Elsevier Ltd. All rights reserved.
The Tc–tricarbonyl chemistry has attracted growing
interest since Alberto et al. published a convenient
low pressure synthesis for the preparation of 99mTc–
tricarbonyl complexes.1 The development of novel
radiopharmaceuticals for routine diagnosis in nuclear
medicine based on the 99mTc(CO)3 chemistry is a chal-
lenge, particularly to find 99mTc(CO)3 complexes that
can penetrate the blood–brain barrier (BBB) or show
specific binding to a receptor. Despite the fact that
labelling of a biomolecule with 99mTc mostly requires
a significant derivatisation with a metal complexing
chelator, the clinical usefulness of 99mTc–TRODAT-1
for diagnosis of Parkinson�s disease has shown that
the development of 99mTc-labelled receptor binding
agents is feasible.2 Efforts have been made to synthesise
other tropane derivatives suitable for complexing
the 99mTc(CO)3 moiety via a tridentate chelator or
cyclopentadienyl.3,4 Also 99mTc(CO)3-labelled small
peptides, for example, neurotensin derivatives, were
intensively studied.5–7 For the functionalisation of bio-
molecules, several ligand systems have been explored
systematically.8–11 It has been reported that the nature
of the chelating ligand can significantly affect the phys-
icochemical properties of the radiolabelled peptides,
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including lipophilicity, and consequently change their
binding properties.5,12

N-(2-Mercapto-propyl)-1,2-phenylenediamine (MPPDA)
is a ligand with a primary amine, a secondary amine
and a thiol as metal binding groups, each separated by
two carbon atoms. The three heteroatoms of MPPDA
in this arrangement make it a potential target molecule
for labelling with a 99mTc(CO)3 moiety, resulting in
the neutral complex [99mTc(CO)3(MPPDA)]. In the liter-
ature, labelling of this compound has been reported with
a 99mTc(V)O core using pertechnetate and stannous
chloride. The resulting complex 99mTc(V)O MPPDA
was described as lipophilic and was able to enter the
brain.13

N-b-Aminoethyl-glycine (AEG) has also a primary
and a secondary amine, although in this case both are
aliphatic, but the third heteroatom for complexing the
Tc(CO)3 moiety is an oxygen of a carboxylic acid group.
The absence of an aromatic ring makes AEG less
lipophilic than MPPDA.

The aim of this study was to compare the biological
characteristics of the 99mTc(CO)3 complexes of these
two ligands, with a special focus on the extent of their
brain uptake, if any. The choice for MPPDA and
AEG was made because they have a low molecular
weight and suitable heteroatoms (N, O, S) at the right
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Figure 2. Reaction of [99mTc(CO)3(H2O)3]
+ with the crude product of

the synthesis of MPPDA (see Fig. 1) resulted in a mixture of three

radiolabelled products, that is, [99mTc(CO)3(MPPDA)] (1),

[99mTc(CO)3(BMPPDA)] (2) and a labelled dimer (3).
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distance (separated by two carbon atoms) to form
neutral complexes with a Tc(CO)3 moiety. MPPDA
represents a more lipophilic, and AEG a more polar
chelating ligand system.

N-(2-Mercapto-propyl)-1,2-phenylenediamine was pre-
pared in a reaction of 1,2-phenylenediamine and propyl-
ene sulfide. The yield of 32% was slightly higher than the
literature value of 26.7%.8 In addition, we also charac-
terised the side products of the reaction by reversed
phase HPLC (X-Terra RP-18 column 4.6 mm · 250
mm; Waters, Brussels, Belgium; gradient elution from
0.1% trifluoroacetic acid in water to 0.1% trifluoroacetic
acid in acetonitrile in 20 min at a flow rate of 1 ml/min)
in combination with LC–MS (Waters separation mod-
ule, XTerra MS C18 column 50 mm · 2.1 mm, 3-in.
NaI(Tl) radiation detector, Micromass LCT mass spec-
trometer and MassLynx software, Waters-Micromass,
Manchester, UK). The Main side product was the bis-
adduct N,N 0-bis-(2-mercapto-propyl)-1,2-phenylenedi-
amine (BMPPDA), but also compounds from dimerisa-
tion reactions of free thiols into disulfides were found.
LC–MS indicated a mass of 183.1 Da (theoretical:
182.28) for MPPDA (1), 257.1 Da (theoretical: 256.42)
for BMPPDA (2) and 363.13 Da (theoretical: 362.55)
for a supposed dimer (3) (see Fig. 1).

The Tc–tricarbonyl precursor [99mTc(CO)3(H2O)3]
+ was

synthesised directly from a solution of [99mTcO4]
� (elu-

ate from a commercially available Ultratechnekow FM
99mTc-generator; Tyco-Mallinckrodt, Petten, The Neth-
erlands) using a mixture of NaBH4, Na2CO3, K–Na-tar-
trate and CO gas according to a published procedure.1

Labelling of the isolated MPPDA was performed at
70 �C and pH 10 for 30 min (activities up to
500 MBq), resulting in a yield of >95%. The 99mTc com-
plex was stable for at least 24 h. Using the unpurified
reaction mixture of the organic synthesis of MPPDA
under the same conditions resulted in three labelled
compounds, which were separated by HPLC (water–
acetonitrile 70:30 at a flow rate of 1 ml/min, no gradient)
(see Fig. 2) and analysed by LC–MS. The main product
was [99mTc(CO)3(MPPDA)] (tR = 15 min, 57%), but also
the labelled bis-adduct [99mTc(CO)3(BMPPDA)]
(tR = 17 min, 27%) and a labelled dimeric compound
(tR = 18.5 min, 17%) were detected.

The commercially available AEG (BACHEM, Switzer-
land) is known as an excellent ligand for complexation
with the 99mTc(CO)3 moiety.10 A labelling under the
same conditions as for MPPDA (70 �C, pH 10) gave
NH2
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NH SH
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Figure 1. Structure of the main product N-(2-mercapto-propyl)-1,2-phenylen

N,N 0-bis-(2-mercapto-propyl)-1,2-phenylenediamine (BMPPDA) (2) and a d
quantitative yields within 10 min. The retention time
of [99mTc(CO)3(AEG)] on RP-HPLC (tR = 9.2 min)
indicated a clearly higher polarity as compared to that
of [99mTc(CO)3(MPPDA)]. Mass spectrometry
(LC–MS) supported the supposed structure of
[99mTc(CO)3(AEG)] with AEG as tridentate ligand.
The radio-HPLC trace (tR = 2.55 min) and the single
ion mass chromatogram for this complex
(tR = 2.55 min) are in accordance with each other. The
detected mass of 300.99 Da also corresponds with the
theoretical value of 300.96 Da for this complex. Figure
3 shows the data of the LC–MS analysis of
[99/99mTc(CO)3(AEG)], to our knowledge one of the
first examples where a 99/99mTc–tricarbonyl complex
was analysed by LC–MS. Generator eluate with a higher
content of 99Tc (0.1–0.3 ng Tc/MBq) was used for the
carrier-added synthesis of the complexes to enhance
the signal in mass spectrometry. The solution with the
complex had to be concentrated to obtain a detectable
signal, but it remained close to the detection limit of
the mass spectrometer. An alternative is the addition
of 99Tc to the 99mTc generator eluate when the carbon-
ylation reaction is done (200–300 ll of an aqueous
99Tc solution, containing 15 lg/ml NH4TcO4). Howev-
er, with an increasing amount of the 99Tc solution the
yield of the carbonylation reaction drops (using the
procedure described above). It is important to find a
balance between a good conversion to the Tc–carbonyl
precursor and a reasonable signal in LC–MS.
NH2

NH S S HN

H2N

3

ediamine (MPPDA) (1) and two side products of the synthesis, that is,

imer (3).



0

100

%

0
0.00 2.00 4.00

300.9872

300.9641

297.9887

303.1197

301.9670

6.00

100

%

0

100

%

0
288 290 292 294 296 298 300 302 304 306 308 310

m/z

Time

100

%

2.55

1.17

2.57

a

b

c

d

Figure 3. LC–MS analysis of [99/99mTc(CO)3(AEG)]: (a) radiometric

signal; (b) single ion mass chromatogram; (c) calculated mass; and

(d) detected mass spectrum.

Table 1. Biodistribution of [99mTc(CO)3(MPPDA)] and

[99mTc(CO)3(AEG)] (% of ID and % of ID/g) for selected organs after

2, 10 and 65 min

MPPDA AEG

2 min 10 min 65 min 2 min 10 min 65 min

% of ID

Brain 0.01 0.06 0.03 0.10 0.08 0.05

Urine 1.51 2.99 4.89 0.12 6.88 60.77

Kidneys 5.47 1.85 0.98 13.33 8.05 1.73

Liver 42.03 57.64 64.19 14.59 15.55 7.42

Intestines 6.74 12.04 18.93 10.28 8.16 4.54

Spleen 0.91 0.29 0.09 0.89 0.88 0.65

Lungs 0.84 0.87 0.73 1.68 1.64 0.33

Heart 0.51 0.19 0.06 0.37 0.29 0.16

Stomach 1.19 0.54 2.23 1.07 0.87 0.69

Blood 7.85 5.47 3.02 21.50 19.34 8.24

% of ID/g

Brain 0.03 0.13 0.06 0.24 0.21 0.13

Kidneys 9.19 3.17 1.63 24.72 11.01 2.56

Liver 21.13 27.49 31.35 7.66 6.63 2.94

Spleen 2.94 0.96 0.30 2.73 2.66 1.73

Lungs 3.14 3.36 2.91 6.17 5.13 1.29

Heart 2.97 1.22 0.38 2.38 1.57 0.75

Stomach 1.53 0.84 1.13 1.67 0.93 1.05

Blood 3.05 1.51 0.76 8.19 4.94 2.05
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The octanol–water partition coefficient (POW, expressed
in logarithmic form as �logP�) was determined according
to a literature procedure.14,15 It was �0.57 for
[99mTc(CO)3(AEG)], that is, outside the range of 1–2.5,
which is believed to be ideal for a potential brain
uptake.16 On the other hand, [99mTc(CO)3(MPPDA)]
showed a logP of 1.35.

Biodistribution experiments were performed with the
HPLC-isolated complexes [99mTc(CO)3(AEG)] and
[99mTc(CO)3(MPPDA)], each in eight normal male
NMRI mice (body mass 27–43 g). A 99mTc activity of
approximately 40 kBq/mouse was injected via a tail vein.
Four mice each were killed at 2, 10 and 65 min pi and
the organs and body parts were dissected and weighed.
The activity in the dissected organs and body parts
was measured using a Wallac 1480 WIZARD 300 auto-
matic gamma counter (Perkin–Elmer, Boston, USA).
Results are expressed as percentage of injected dose (%
of ID) and percentage of injected dose per gram (% of
ID/g) for selected organs (Table 1). For calculation of
total blood radioactivity, blood mass was assumed to
be 7% of the body mass.17
For the more lipophilic [99mTc(CO)3(MPPDA)] most
of the activity was located in the liver (57.6%) 10 min
pi where it stayed at a high level after 65 min. The
excretion via kidneys/urine was quite low (5.9% after
65 min pi). An increasing amount of the activity was
excreted via the hepatobilary pathway within one hour
(intestines 18.9%). Spleen, heart and lungs showed no
significant uptake.

The more polar [99mTc(CO)3(AEG)] was rapidly
excreted via kidneys/urine (6.9% of ID in the urine
after 10 min pi, 60.8% after 65 min). The initial high
blood value of 21.5% after 2 min dropped to 8.2%
after 65 min. At all timepoints, [99mTc(CO)3(AEG)]
showed a higher blood activity than
[99mTc(CO)3(MPPDA)]. The activity in the liver was
significantly lower than for [99mTc(CO)3(MPPDA)].
Spleen, heart, lungs and stomach showed no signifi-
cant uptake.

Despite the fact that [99mTc(CO)3(MPPDA)] and
[99mTc(CO)3(AEG)] are small and neutral complexes
with clearly different characteristics in biodistribution
experiments, none of these tracer agents showed signifi-
cant brain uptake. This is especially striking for
[99mTc(CO)3(MPPDA)], as it is neutral, has a logP of
1.35 and a molecular weight of 361.97 Da, these charac-
teristics in accordance with general requirements for a
tracer agent able to pass the blood–brain barrier.
Apparently, the ability of a compound to pass the
BBB is determined by more factors than charge, lipo-
philicity and size. The combination of a primary and a
secondary amine with a thiol or a carboxylic acid group
in a tridentate ligand system was excellent for a labelling
with the 99mTc(CO)3 moiety. Other tridentate chelators
with equal complexing properties, but a more favour-
able biodistribution will have to be synthesised for a
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potential future application as 99mTc–tricarbonyl brain
tracer agent. Information from these agents may help
to unravel the requirements for passage over this
intriguing biological barrier.
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