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1. INTRODUCTION 

Within the scope of this CRP, we developed a series of small-molecule biotinylated Re-188 
complexes containing the [188Re≡N]2+ core. These complexes have been prepared using 
different chemical strategies, but all of them incorporate a biologically active biotin group. 
The main interest for this effort was brought to us after the introduction by Paganelli et al. of a 
new approach for the treatment of residual malignant cells after surgical removal of a primary 
breast tumour, and dubbed IART (Intraoperative Avidination for Radionuclide Therapy) [1]. 
Since now, the IART approach has been applied using 90Y as therapeutic radionuclide and a 
DOTA-functionalized biotin ligand for coordination to the radiometal. A major drawback for 
using 90Y as a therapeutic radionuclide comes from the absence of any radioactive decay, 
associated with the main β-emission, that may allow imaging of the actual biodistribution of 
injected radioactivity in any individual patient. Other therapeutic radionuclides, such as 177Lu 
and 188Re, possess an additional γ emission that easily allows imaging of target’s uptake, and 
could be conveniently utilized to monitor the course of therapy. In particular, 188Re emits a β-
particle having almost the same energy as that emitted by 90Y, but with an associated 155-keV 
γ-emission that can be efficiently employed for imaging the biodistribution of the injected 
radiocompound. Considering also that 188Re is produced through a 188W/188Re transportable 
generator system, and that deep similarities between the chemistry of congener rhenium and 
technetium usually allow 99mTc compounds to be used for a preliminary evaluation of the 
biodistribution of the analogous 188Re compounds, this makes 188Re as an interesting 
candidate for application to the IART approach. 

The 99mTc and 188Re derivatives developed in our laboratory showed high in vitro affinity for 
avidin (> 97%), inertness toward in vivo enzymatic degradation, and high uptake in a mouse 
model of intramuscular in situ deposited avidin followed by intravenous injection of a 
99mTc/188Re-biotin conjugate (Fig. 1). Thus, to favor further evaluation of this class of 
therapeutic agents, we investigated the feasibility of a suitable kit formulation for their high-
yield preparation, under strictly sterile and pyrogen-free conditions. As a first approach, we 
followed a chemical route to the formation of the [188Re≡N]2+ core that we proposed 
previously and is based on the use of succinic dihydrazide (SDH) as donor of nitrogen donor 
atoms. Unfortunately, when applied for producing a lyophilized kit, this method revealed to 
be completely unsatisfactory as final yields were not fully reproducible. 

The first studies on the preparation of 99mTc-nitrido compounds showed that the simple 
derivative N-methyl-S-methyl dithiocarbazate [H2N−N(CH3)−C(=S)SCH3 = HDTCZ] is a 
very powerful source of N3- groups in the reaction with [99mTcO4]- as only a few micrograms 
of this reagent are required to afford the [99mTc≡N]2+ core [2−6]. Although it was 
subsequently found that almost all derivatives containing the basic hydrazine-like motif  >N-
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N< behave as efficient donors of N3− groups, HDTCZ was constantly affording the highest 
yield of the final 99mTc≡N complexes also using micromolar amounts of this reagent in each 
preparation. The prominent role of HDTCZ as generator of N3- groups was sharply confirmed 
by studies aimed at obtaining the analogous 188Re≡N group from the generator-produced 
[188ReO4]-. The formation of this metallic core in physiological solution is far more difficult 
than for the 99mTc analogue because of the lower standard reduction potential of rhenium 
complexes. Despite of this, the reaction of [188ReO4]- with DTCZ, in the presence of sodium 
oxalate and standard amounts (≤ 0.1 mg)) of SnCl2, at room temperature, gives 188Re-nitrido 
complexes in high yield. On the contrary, other N3- donors efficiently employed with 
[99mTcO4]-, yield only incomplete conversion of [188ReO4]-. 

The main driving force that makes HDTCZ an excellent reagent in the formation of the 
[M≡N]2+ core (M = 99mTc and 188Re) can be surely attributed to its combined ability to donate 
N3- groups and, concomitantly, to stabilize the metal center by coordination as a bidentate 
ligand. Indeed, a number of Tc and Re complexes have been isolated and characterized where 
HDTCZ is bound to the metal as a monoanionic bidentate ligand (DTCZ) through the neutral 
sulfur atom of the −C=S moiety and the deprotonated terminal amino group, thus supporting 
the view that DTCZ coordination would be an important step in the mechanism of formation 
of the M≡N group. However, the good chelating properties of DTCZ become a disadvantage 
when exchange reaction by another ligand has to be carried out to obtain the desired final 
complex. Usually, this can be accomplished by increasing the amount of the exchanging 
ligand, but this constitutes an important limitation when high specific activities are required. 

To overcome this major drawback, we attempted to design of a new dithiocarbazate derivative 
exhibiting a lower coordinating ability for the metal while preserving its N3- donor properties. 
For this purpose, a sterically encumbering substituent, R, has been appended to the primary 
amine group of HDTCZ. Accordingly, we report herein on the synthesis of a 
polyethyleneglycol (PEG, average MW, 600 daltons) conjugate of HDTCZ (HO2C-PEG600-
DTCZ) and its application to the preparation of a series of asymmetrical 99mTc/188Re nitrido 
compounds of the type [M(N)(PNP)(B)]0/+ (M = 99mTc/188Re, PNP = diphosphine ligand; B = 
bidentate ligand) and of 3+1 compounds of the type [M(N)(L)(P)] (M = 99mTc/188Re; L = 
tridentate SNS ligand; P = monophosphine). 

 
FIG. 1. Mouse SPECT-CT image of the uptake of [99mTc(N)(Cys-Cys-Biotin)(PTA)] in avidin-
embedded colloidal particles deposited through intramuscular injection followed by i.v. injection of 
Tc-99m radioactivity. 

2. MATERIALS AND METHODS 

All common solvents were reagent grade and were used without further purification. Ligands 
employed in this study are illustrated in Fig. 2. High performance liquid chromatography 
(HPLC) was performed on a System Gold Instrument equipped with a programmable solvent 
Module 126, a scanning detector Module 166, and a radioisotope detector Module 170 
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(Beckman Instruments, Fullerton, CA). Where differently not specified, chromatographic 
analyses were carried out using a reversed-phase C18 Beckman ODS precolumn (25 ×  
4.6mm) and a reversed-phase C18 Beckman ODS column (250 × 4.6 mm). Thin-layer 
chromatography (TLC) was carried out on silica gel plates and reversed phase C18 plates 
(Merck). TLC chromatograms were analyzed with a Cyclone instrument equipped with a 
phosphor imaging screen and an OptiQuant image analysis software (Packard, Meridien, CT). 

Polyethyleneglycol 600 diacid (HO2C−PEG600−CO2H), 4-(dimethylamino)pyridine (DMAP), 
and N,N’-dicyclohexylcarbodiimide (DCC) were purchased from Sigma-Aldrich, Milan, 
Italy. All moisture-sensitive reactions were performed under a nitrogen atmosphere using 
oven-dried glassware. Dichloromethane (CH2Cl2) and acetonitrile (CH3CN) were dried over 
CaH2 and freshly distilled prior to use.1H (300 MHz) and 13C (75 MHz) NMR spectra were 
recorded for acetone-d6 solutions at room temperature. Assignments were aided by homo- and 
heteronuclear two-dimensional experiments. ESI MS analyses were performed in positive ion 
mode with samples dissolved in a mixture of acetonitrile/H2O 1:1. Crude 
HO2C−PEG600−DTCZ was purified by preparative reversed-phase HPLC using a Waters Delta 
Prep 4000 system with a Jupiter column C18 (250 × 30 mm, 300 Å, 15 μm spherical particle 
size). The column was perfused at a flow rate of 25 mL/min. For the HPLC purification the 
mobile phase A was H2O 0.1% TFA while the mobile phase B was CH3CN 0.1% TFA. A 35 
min chromatographic gradient was used to give a linear increase from 0% B to 50% B in 25 
min and from 50% B to 100% B in 10 min. 

  

 

FIG. 2. The ligands employed in this study. 

2.1. Synthesis of HO2C−PEG600−DTCZ 

To a stirred solution of  HDTCZ (544 mg, 4.00 mmol) in anhydrous CH2Cl2 (5 mL) 
polyethyleneglycol 600 diacid (1.20 g, 2.00 mmol), N,N’-dicyclohexylcarbodiimide (DCC, 
413 mg, 2.00 mmol), and 4-(dimethylamino)pyridine (DMAP, 24 mg, 0.20 mmol) were added 
in this order. The formation of a white precipitate was observed after 5 min. To the resulting 
mixture was then added anhydrous CH3CN (5 mL). The heterogeneous mixture was stirred at 
room temperature for an additional 2 days and then concentrated. The residue was suspended 
in CH2Cl2 (100 mL) and then washed with H2O (2 × 15 mL). The organic phase was dried 
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(Na2SO4), filtered, and concentrated to give ~1.5 g of a crude material. This residue was then 
partitioned in Et2O (100 mL) and H2O (100 mL). The aqueous phase was extracted with Et2O 
(2 × 50 mL) and then concentrated to give of the target HO2C−PEG600−DTCZ derivative (1.10 
g, ~75%) slightly contaminated by the starting HO2C−PEG600−DTCZ as judged by 1H NMR 
analysis. Purified samples of the target molecule were obtained by preparative HPLC. 1H 
NMR (acetone-d6): δ = 10.2 (bs, ~1 H, CO2H), 4.21 (s, ~2 H, CH2CO2H), 4.19 (s, ~2 H, 
CH2CONH), 3.85-3.45 (m, ~47 H, [(CH2CH2O)], SCH3), 2.42 (s, ~3 H, NCH3). 13C NMR 
(acetone-d6): δ = 203.1 (CS), 171.8 (CO2H), 169.0 (CN), 72.0-68.6 (OCH2), 43.8 (SCH3), 
19.6 (NCH3). ESI MS (center of a Gaussian distribution): 737.8 (M + H+). The synthesis of 
HO2C−PEG600−DTCZ is outlined in Fig. 3 [7, 8]. 

 

FIG. 3. Synthesis of HO2C−PEG600−DTCZ. 

2.2. Preparation of 188Re-complexes 

2.2.1. Preparation of [188Re(N)(PNP)(B)]0/+ (B = DBODC, NSH, Cys-Biotin) 

Step 1. 5 mg of  HO2C−PEG600−DTCZ, 0.2 mg SnCl2·2H2O (dissolved in 0.5 mL of 20% v/v 
aqueous solution of glacial acetic acid) and sodium oxalate (10.0 mg) were placed in a vial 
purged with nitrogen. Then, 0.5 mL of generator-eluted [188ReO4]- (500 MBq) were added, 
and the resulting mixture was allowed to stand at room temperature for 15 min.   

Step 2. 2 mg of PNP, dissolved in 0.5 mL of physiological solution containing 2.0 mg of γ-
cyclodextrin and 0.2−0.002 mg of B solubilized in 0.5 ml of physiological solution were 
simultaneously added to the reaction vial. The resulting solution was heated at 100°C for 30 
min. Yield > 93%. 

2.2.2. Preparation of [188Re(N)(L)(P)] (P = PCN, PTA; L = SNS, Cys-Cys-Biotin) 

After completing Step 1 as reported above, 1.5 mg of P, dissolved in 0.5 mL of physiological 
solution (containing 2.0 mg of γ-cyclodextrin when P = PCN) and 0.02 mg of L solubilized in 
0.1 ml of physiological solution were simultaneously added to the reaction vial. The resulting 
solution was heated at 100°C for 30 min. Yield > 90%. 
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2.3. Purification 

To avoid interference of excess of reagents and free ligands on the characterization of the 
resulting 188Re-complexes, the following purification procedures were applied. A C18 SepPak 
cartridge was activated with 5.0 mL of ethanol and 5.0 mL of deionized water. Successively, 
the solution containing the complex was diluted with 8.0 mL of deionized water and passed 
through the cartridge. Approximately 95% of the initial activity was retained on the cartridge. 
The complex was recovered, after washing with water, by passing 1.5 mL of ethanol. 

2.4. Serum Stability 

The 188Re -complexes (100 µL), purified as described above, were added to a propylene test 
and incubated at 37°C for 2 h.  After incubation, plasma samples were precipitated with 
acetonitrile and centrifuged (1750g, 5 min). RCP changes in time were monitored by HPLC at 
15, 30, 60 and 120 min. 

3. RESULTS 

3.1. Synthesis and Characterization of HO2C−PEG600−DTCZ 

The free amine group of the multifunctional HDTCZ was first considered as conjugation site 
to yield, in a single step, an amidic polyethyleneglycol DTCZ-conjugate by condensation with 
the commercially available, inexpensive, polydisperse (average MW = 600 Dalton) 
polyethyleneglycol diacid (HO2C−PEG600−DTCZ). The condensation reaction was performed, 
at room temperature, in a  CH3CN/CH2Cl2 mixture (1:1) as solvent, and in the presence of 
catalytic DMAP and sub-stoichiometric amount (0.5 equiv in respect with carboxylic acid 
functionality) of the condensation agent DCC. After completion of the reaction (2 days) and 
removal of the solvent, the optimal purification strategy of the mono-functionalized 
HO2C−PEG600−DTCZ derivative first involved resolubilization of the reaction mixture in 
CH2Cl2, followed by an aqueous work-up to remove all water-soluble by-products (the 
solubility of PEGylated DTCZ for CH2Cl2 resulted higher than for H2O). Subsequent 
evaporation of the organic phase followed by resolubilization in water and extraction of 
impurities with Et2O allowed to isolate (after concentration of the aqueous phase) the final 
HO2C−PEG600−DTCZ in 75% overall yield and good purity (> 90% by 1H NMR analysis). 
For characterization purposes (NMR and MS analyses) and for application to 
radiopharmaceutical preparations further purification was also obtained by preparative HPLC. 

3.2. Preparation and Characterization of 188Re-Complexes 

Mixed complexes of the type [188Re(N)(PNP)(B)]0/+ (B = DBODC, NSH, Cys-Biotin; PNP = 
PNP3, PNP5) and 3+1-substituted complexes of the type [188Re(N)(L)(P)] (L = Cys-Cys-
Biotin; P = PTA, PCN)) were prepared via a similar two-step procedure. In the first step, 
generator-eluted [188ReO4]- was mixed with sodium oxalate, HO2C−PEG600−DTCZ, and 
SnCl2 dissolved in aqueous acetic acid and the resulting mixture was allowed to stand at 
room temperature for 15 minutes. In the second step, the mixture was converted in either the 
final mixed asymmetrical complex by the simultaneous addition of a B-type ligand and the 
diphosphine ligand, or in the final 3+1 complex by addition of L-type tridentate ligand and the 
monophosphine. Heating of the reaction solution at 70 °C for 30 minutes quantitatively 
converted the intermediate precursor nitride complexes into the final bis-substituted complex 
[188Re(N)(L)2]. 
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4. DISCUSSION 

Aim of this study was the preparation of a new reagent for obtaining Re-188 nitrido 
radiopharmaceuticals, in high yield and under strictly controlled sterile and pyrogen-free 
conditions, using a freeze-dried kit formulation. The production of the metal-nitrogen multiple 
bond, at tracer level, has been successfully achieved with Tc-99m using a variety of reagents 
all comprising the >N−N< moiety. In particular, the compound HDTCZ has been found to be 
the strongest donor of N3- groups for Tc-99m. However, succynic dihydrazide (SDH) has 
been commonly employed to develop new kit formulations for Tc-99m nitrido 
radiopharmaceuticals (namely, 99mTcN-NOET and 99mTcN-DBODC), though it exhibits a 
weaker donor ability of N3- groups than HDTCZ. The choice of SDH came about mostly 
because of its higher solubility in water and lower tendency to coordinate to the metallic 
center than HDTCZ. Actually, though coordination of HDTCZ to the metal ion greatly 
improves stabilization of the intermediate metal-nitrido group, its subsequent replacement by 
other ligands may become difficult. 

In attempting to extend this approach to the preparation of analogous Re-188 
radiopharmaceuticals, we found that SDH was not so suitable to provide the same yield of 
formation of the [188Re≡N]2+ group as observed with Tc-99m under the same mild reaction 
conditions. In contrast, HDTCZ maintained unaltered its strong N3- donor ability also towards 
the reduced Re-188 metallic center, but concomitantly it was able to tightly bind the metal 
ion, thus forming the neutral bis-substituted symmetrical complex [Re(N)(DTCZ)] (where 
DTCZ indicates the monodeprotonated form of HDTCZ) or asymmetrical complexes of the 
type [Re(N)(PNP)( DTCZ)]+ when reacting in the presence of a diphosphine ligand (PNP). 
Removal of DTCZ from these intermediate nitrido species is difficult and, usually, can only 
be accomplished using exceedingly high amounts of exchanging ligand. This constitutes an 
important limitation in the labeling of bioactive molecules for which a very low amount of 
bioactive ligands (µg scale) is always necessary to achieve high specific activities. 

The polyethyleneglycol conjugate of HDTCZ (HO2C−PEG600−DTCZ) has been designed to 
overcome these limitations, in particular by lowering the coordination properties of HDTCZ 
while keeping unaltered its N3- donor properties. Accordingly, HDTCZ was modified by 
appending a polymeric bulky group in a position that could hamper its binding ability. Among 
the most available polymers, polyethyleneglycol (PEG) is the most successfully used in 
pharmaceutical science. Because of its unique characteristics, such as absence of 
immunogenicity and toxicity and high water solubility, PEG is extensively employed for 
conjugation to organic molecule and small drugs. In this study, HDTCZ PEGylation was 
performed via amide bond formation by condensation of the primary amine group of HDTCZ 
with HO2C−PEG600−DTCZ. The new water soluble nitride nitrogen atoms donor 
HO2C−PEG600−DTCZ was successfully used to prepare in very high radiochemical purity 
both asymmetrical mixed complexes of the type [M(N)(PNP)(B)]0/+ (B = DBODC, NSH, 
CysNAc and HDTCZ), and 3+1 compounds of the type [M(N)(L)(P)] (L = Cys-Cys-Biotin; P 
= PTA, PCN) adding only micrograms of the required ligands (L and B). In turn, 
HO2C−PEG600−DTCZ has been employed to develop a two-vial kit formulation for the 
preparation of the new Re-188 biotin complexes. The stability and efficiency of this new 
freeze-dried kit for the preparation of the 188Re-nitrido core is currently under evaluation. 
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