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In developing 99mTc complexes as potential brain-imaging agents, we investigated the 
coordination chemistry of ligands containing sulfur and nitrogen donor atoms with the general 
formula R-CH2CH2N(CH2CH2SH)2 (R = C2H5S, (C2Hs)2N). These ligands act as tridentate SNS 
chelates to the TcO3+ core, leaving open one coordination site cis to the oxo group. In reactions 
with the highly reactive [99TcOCl4]- precursor, this vacancy was occupied by a chlorine atom. 
When the ligands reacted in the presence of 4-methoxythiophenol, using "Tc(V)-gluconate as 
precursor, the vacancy was filled with 4-methoxythiophenol, which acted as coligand. Thus 
neutral mixed ligand complexes of the general formula [TcO((SCH2CH2)2NCH2CH2R)X], where 
X = Cl or 4-methoxythiophenol, were synthesized. The complexes were characterized by U V -
vis, IR, 1H NMR, crystallographic, and elemental analyses. The crystal structures of 3a (R = 
C2H5S, X = Cl) and 4b (R = (C2Hs)2N, X = 4-methoxythiophenol) demonstrated that the 
coordination geometry is trigonal bipyramidal with the N l and Cl or S3 occupying the apical 
positions and the basal plane defined by the S l and S2 of the tridentate ligand and the oxo 
group. The complexes 4a(99mTc) (R = C2H5S, X = 4-methoxythiophenol) and 4b(99mTc) were 
prepared using 99mTc-glucoheptonate as precursor and were purified by HPLC. Biodistribution 
in mice showed high initial brain uptake (3.68% and 3.56% dose/organ for 4a(99mTc) and 4b(99m-
Tc), respectively). Complex 4b(99mTc) displayed significantly higher brain/blood values and 
prolonged retention in brain as well. The results suggest that structural modifications based 
on configurations 4a,b may provide novel 99mTc brain-imaging agents with improved biological 
characteristics. 

Introduction 
Brain perfusion imaging with single-photon emission 

computerized tomography (SPECT) requires suitable 
radiotracers that display high initial uptake and suf
ficient retention in the brain. Several derivatives such 
as selenium-75-labeled amines1 or iodinated amphet
amine analogs2'3 have been proposed in the past as 
possible brain radiotracers. However, due to certain 
drawbacks, these compounds have never gained world
wide application. 

Thus, considerable work was focused on the develop
ment of neutral, lipid soluble 99mTc complexes, capable 
of penetrating the blood brain barrier (BBB). Until now, 
two ligand systems have been proposed as suitable 
backbones for the development of potential technetium-
99m brain-imaging agents: (a) the propylenediamine 
dioxime (PnAO), N4O2 backbone and (b) the diaminedi-
thiol (DADT), N2S2 ligand system. Both backbones can 
form neutral lipophilic complexes, containing the TcO3+ 

core, which are characterized, in most cases, by high 
initial brain uptake. 

Extensive work performed on a series of 99mTc-labeled 
PnAO derivatives4 generated 99mTc-HMPAO,5'6 which 
has found routine application in brain scintigraphy as 
a commercial kit. Trapping in the brain is believed to 
be due to the formation of a less lipophilic complex in 
brain cells.7 Apart from the wide clinical application 
of 99mTc-HMPAO, its in vitro instability is considered a 
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disadvantage for the routine assessment of brain 
perfusion.8 

The choice of the tetradentate N2S2 backbone for the 
development of neutral Tc(V) complexes generated a 
series of DADT derivatives9 labeled with technetium-
99m. The TcO3+ core coordinates with N and S donor 
atoms of the DADT backbone to form a complex with 
three 5-membered rings, which is very stable in vitro 
and easily crosses the BBB. Brain uptake and/or 
retention can be influenced by modification of the ligand 
structure, e.g., by introducing amine side chains in the 
DADT moiety. However, the formation of isomers, in 
relation to the central TcO3+ core,10 is considered the 
major disadvantage of 99mTc-DADT complexes. 

A recently developed DADT derivative, 99mTc-ethyl 
cysteinate dimer11 (99mTc-ECD), overcame the problem 
of isomer formation and presented excellent uptake and 
retention characteristics for SPECT imaging of the 
brain. The prolonged retention of 99mTc-ECD is based 
on a specific enzymatic process occurring in the brain 
of primates. 

In our search for new backbones as chelators of 
pentavalent technetium, we investigated, at carrier 
level, the formation of complexes with tertiary amino-
dithiol ligands of the general type R-CH2CH2N(CH2CH2-
SH)2, where R = C2H5S or (C2H5)2N. These derivatives 
can function as tetradentate tripodal chelates and have 
been reported to form octahedral complexes with the cis-
MoO2

2+ core.12,13 However our study demonstrated that 
they act as tridentates toward the TcO3+ core, leaving 
open one cis site to the oxo group in the coordination 
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sphere of the metal. Thus, neutral mixed ligand Tc(V) 
complexes can be formed by occupation of the open site 
by a monodentate coligand. In the present study, the 
biodistribution of mixed ligand complexes, prepared at 
technetium tracer level (99mTc) from the tridentate SNS 
ligands 4-methoxythiophenol and 99mTc-glucoheptonate, 
was also investigated. The results are discussed in 
terms of brain uptake and retention. 

Results and Discussion 
Chemistry. The ligands iV^V-bis(2-mercaptoethyl)-

2-(ethylthio)ethylamine (2a) and iVyV-bis(2-mercapto-
ethyl)-AT,2V'-diethylethylenediamine (2b) were synthe
sized12 by reacting 2-(ethylthio)ethylamine or NJf-
diethylethylenediamine with ethylene sulfide in an 
autoclave, at 110 0C (Scheme 1). After the reaction was 
completed, the compounds were purified by high-
vacuum distillation. 

Further on, the coordination of compounds 2a,b with 
oxotechnetium(V) has been investigated. The ligands 
leave upon tridentate coordination to the TcO3+ core, 
opening one coordination site cis to the oxo group. Thus, 
a monodentate ligand was investigated in order to 
assess binding to the vacant coordination site. As a first 
step, the labile precursor tetrachlorooxotechnetate was 
used to study the coordination chemistry of 2a,b. In a 
second step, the coordination was studied with the less 
reactive oxotechnetium precursor "Tc(V)-gluconate in 
the presence of 4-methoxythiophenol as coligand. 

Exchange reaction of compounds 2a,b with the tetra-
butylammonium tetrachlorooxotechnetate ([Bu4N]-
[99TcOCU]) precursor in alcohol resulted in the forma
tion of the pentacoordinated complexes 3a,b (Scheme 
2). In this case, the three chlorine atoms of [TcOCl4]-

were replaced by the SNS set of the ligands, while the 
fourth chlorine remained in the coordination sphere of 
the TcO3+ core. However, the yield of the reaction was 
relatively low (15%). Isolated crystals were subjected 
to FT-IR, 1H NMR in solution, and elemental analysis. 
The IR spectra showed intense single bands for Tc=O 
stretch at 945 cm"1 for 3a and at 936 cm - 1 for 3b. The 
band in the region 2650—2480 cm - 1 confirmed the 
formation of an amine salt for 3b. The results were 
found consistent with elemental analyses and 1H NMR 
chemical shifts.14 Crystals of 3a were obtained from a 
EtOH/MeOH/CH2Cl2 solution cooled at 4 0C. The 

Figure 1. ORTEP diagram of 3a with thermal ellipsoid at 
50% probability. 

crystallographic data demonstrated that the coordina
tion geometry of complex 3a is trigonal bipyramidal 
(Figure 1). Both sulfur atoms undergo ionization during 
complexation so that the complex is neutral. The 
technetium lies 0.053 A above the basal plane of the 
trigonal bipyramid formed by the S l and S2 atoms and 
the oxo group, with the N and Cl atoms occupying the 
two apical positions where the C l - T c - N angle is 
160.5°. The metal-oxygen bond distance, 1.674 A, is 
within the range of several well-characterized monooxo 
complexes of technetium.15 The metal-sulfur bond 
distances, 2.261 and 2.249 A, are shorter than those 
found in a series of analogous complexes. The Tc-N 
bond length, 2.171 A, is longer than the average Tc-N 
bond length (2.02 A) reported for a number of Tc-N 
bonds. The Tc-Cl bond distance was found to be 2.374 
A, which is longer than the Tc-Cl bond in [TcOCU]-

(2.31 A) but within the range of Tc-Cl bond lengths in 
a variety of complexes.15 Complexes 3a,b prepared at 
tracer-added level (99Tc + 99mTc) were tested in animals 
in order to investigate their biodistribution. However 
no specific accumulation in any organ was obtained, and 
thus they were not further evaluated.16 

Mixed complexes 4a,b were prepared by reacting 
ligands 2a or 2b with oxotechnetium(V) in the presence 
of 4-methoxythiophenol in a tridentate:monodentate 
ligand ratio of 1:1.2 (Scheme 2). Attempts to synthesize 
these complexes using [Bu4N][99TcOCU] as the precur
sor failed and did not result in the expected monomeric 
products. The reaction yielded a black powder, sug
gesting that the formation of the desired quadridentate 
chelates did not occur due to competitive reactions, 
when the starting material was the highly reactive 
halide complex. IR spectra of the isolated solids dem
onstrated the absence of the Tc=O3+ core. Formation 
of complexes 4a,b was finally achieved (yield 50%) by 
replacing [Bu4N][99TcOCU] with the less reactive 99Tc(V)-
gluconate precursor. This complex can be easily pre
pared by reduction of pertechnetate with stannous 
chloride in aqueous sodium gluconate solution. Thus, 
a mixture of ligand 2a or 2b and 4-methoxythiophenol 
in acetone was added to the aqueous Tc(V)-gluconate 
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Figure 2. ORTEP drawing of 4b showing the atom number
ing. 

solution. Acetone was removed from the reaction 
mixture, and the complex was extracted with dichloro-
methane. The organic solvent was reduced in volume, 
and pentane was added to give crystals of the desired 
products. A distinct Tc=O3+ absorption peak at 920 
cm"1 for 4a and at 921 cm - 1 for 4b was observed in the 
FT-IR spectra. The UV-vis spectra exhibited strong 
absorption bands at 273 (e 20 590) and 526 nm (e 4520) 
for 4a and at 276 (e 17 860) and 522 nm (e 6770) for 4b. 
Complexes 4a,b also showed correct elemental analyses, 
while 1H NMR spectra confirmed the analytical data.14 

The X-ray crystallographic data for 4b gave the 
structure shown in Figure 2. Only one of the two 
independent molecules in the asymmetric unit is shown. 
The crystal was of poor quality and very small. The 
only reason the collection of data and the determination 
of the structure were continued was to determine the 
coordination sphere of the metal. Over half of the data 
collected was considered unobserved (/ < 3CT(J)). As 
expected, all sulfur atoms underwent ionization during 
complexation. This pattern of ionization led to the 
formation of a neutral complex. The coordination 
geometry of the neutral complex 4b is trigonal bipyram-
idal. The basal plane of the bipyramid is defined by the 
Sl , S2, and Ol atoms, and the two apical positions are 
occupied by the S3 of the coligand and the N l of the 
tridentate ligand. 

It is important to mention here that in both com
pounds, 3a and 4b, the carbon (C5/C25) atom of the side 
chain bonded to the N l atom of the tridentate ligand is 
in cis configuration with respect to the oxo group. In a 
series of analogous complexes synthesized in our labora-
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tory and characterized by X-ray structure analysis, it 
was noted that the cis configuration is a common feature 
of all complexes having trigonal bipyramidal geometry 
around technetium.17 

The preparation of mixed ligand complexes 4a,b at 
tracer level was accomlished by using 99mTc-glucohep-
tonate as the precursor (see the Experimental Section). 
The labeling yield for both compounds was over 80%, 
calculated by organic solvent extraction of the aqueous 
reaction mixture. The radiochemical purity of the 
extracts was checked by HPLC. A major peak at 7.2 
min was monitored for 4a(99mTc) in the radiochromato-
gram (C-18 Bondapack, MeOH:H20, 70:30,1.5 mL/min), 
while the major peak for 4b(99mTc) was detected at 6.0 
min (w-Porasil, CH2Cl2: MeOH, 85:15,1 mL/min). The 
radioactivity of the peak in each case was more than 
95% of the radiochromatogram. When 99mTc and 99Tc 
complexes were coinjected, both radioactivity (for tracer) 
and UV-vis (for carrier) detectors exhibited identical 
chromatographic profiles, demonstrating that the same 
chemical structure was formed under both chelating 
conditions. 4b(99mTc) was slightly less lipophilic than 
4a(99mTc) (log P = 2.63 vs 3.02 at pH 7.4), probably due 
to the presence of the amine residue in the molecule. 
Complexes prepared at carrier and tracer levels were 
found to be stable at room temperature for a prolonged 
period of time (monitored by HPLC). 

Biology. Biodistribution studies were carried out in 
Swiss albino mice and Wistar rats. In Table 1, the 
distribution data of complexes 4a(99mTc) and 4b(99mTc) 
in mice, at 1—60 min pi, are presented. In mice, both 
complexes demonstrated a rather fast blood clearance, 
since approximately only 5% of the injected dose was 
measured in blood samples 1.0 min pi. Complexes also 
presented a high initial brain uptake of 3.68% and 
3.56%, respectively (dose/organ, 1.0 min pi). However, 
complex 4b(99mTc) demonstrated higher brain values at 
5-60 min pi as compared to 4a(99mTc). The brain/blood 
(Br/Bl) ratios of the two complexes displayed significant 
differences. Complex 4a(99mTc) showed poor retention 
in the brain. Thus, the high Br/Bl values observed at 
5 and 10 min pi (4.53 and 4.25, respectively) were 
significantly decreased at the late time intervals (0.60 
Br/Bl 60 min pi). In contrast, the high Br/Bl ratio of 
4.71 observed for 4b(99mTc) at 10 min pi remained 
practically unchanged over the entire observation pe
riod. Brain uptake and retention characteristics of 
4a(99mTc) and 4b(99mTc) in mice are well defined in 
Figure 3. Complex 4b(99mTc) displayed significantly 
higher Br/Bl values and prolonged retention in the 
mouse brain. Both complexes showed considerable 
accumulation in the liver and gastrointestinal tract of 
mice. Lung uptake was higher for complex 4b(99mTc), 
27.19% of the injected dose 1.0 min pi, clearing from 
the lungs in time (1.79%, 60 min pi). Stomach values 
were within acceptable levels, indicating no decomposi
tion of the complex in vivo. Data in mice for 4b(99mTc) 
were confirmed by distribution studies in rats, at 5—60 
min pi (Table 2). Blood clearance and brain washout 
rates in rats (Figure 4) were found comparable to those 
obtained in mice (Figure 3). 

Conclusions 
Mixed neutral oxotechnetium(V) complexes of triden

tate ligands containing monodentate thiols as coligands 
have been previously described18 as an approach to 
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Table 1. Biodistribution of 4a(99mTc) and 4b(99mTc) in Mice 
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% dose/organ 
organ 

blood 
liver 
heart 
kidney 
stomach 
intestine 
spleen 
muscle 
lungs 
brain 
urine 
Br/Bl° 

blood 
liver 
heart 
kidney 
stomach 
intestine 
spleen 
muscle 
lungs 
brain 
urine 
Br/Bl° 

a Brain/blood: 

1 min 

5.77 ± 0.79 
3.58 ± 0.36 
4.02 ± 0.61 
2.30 ± 0.46 
0.35 ± 0.14 
4.14 ±0.90 
0.06 ± 0.02 

34.39 ± 4.86 
5.25 ± 0.80 
3.68 ± 0.20 
-
2.07 

5.24 ± 0.36 
1.96 ± 0.39 
3.60 ± 0.27 
1.70 ± 0.26 
0.15 ±0.06 
2.61 ± 0.94 
0.03 ± 0.01 

17.26 ± 4.53 
27.19 ± 1.84 

3.56 ±0.17 
-
2.49 

% dose/g ratio. 

5 min 

1.66 ± 0.27 
16.97 ± 1.64 
0.59 ± 0.12 
2.45 ± 0.30 
0.73 ± 0.24 
9.31 ± 0.85 
0.21 ± 0.04 

25.57 ± 5.62 
1.52 ± 0.26 
2.43 ± 0.49 
-
4.53 

2.02 ± 0.24 
10.73 ± 1.85 
0.74 ± 0.05 
3.14 ±0.25 
0.96 ±0.14 
8.31 ± 0.55 
0.28 ± 0.03 

24.17 ± 4.40 
15.37 ± 1.63 
3.01 ± 0.06 
-
4.42 

10 min 
4 a (99m T c ) 

1.24 ± 0.22 
24.79 ± 2.41 

0.31 ± 0.04 
1.76 ± 0.12 
1.02 ± 0.73 

15.44 ± 3.57 
0.16 ± 0.04 

20.29 ± 2.99 
1.05 ± 0.12 
1.57 ± 0.35 
0.27 ± 0.01 
4.25 

4 b ( 9 9 m T c ) 

1.53 ± 0.20 
14.14 ± 0.84 
0.46 ± 0.07 
3.18 ±0.01 
1.20 ± 0.23 
9.61 ± 0.72 
0.36 ± 0.05 

16.49 ± 2.13 
9.78 ± 1.33 
2.47 ± 0.27 
1.10 ± 0.08 
4.71 

30 min 

0.80 ± 0.06 
24.36 ± 2.54 
0.11 ± 0.01 
1.04 ± 0.20 
0.37 ± 0.06 

43.12 ± 3.60 
0.06 ± 0.00 

10.41 ± 3.59 
0.52 ± 0.10 
0.39 ±0.11 
0.77 ± 0.33 
1.68 

1.29 ± 0.16 
25.58 ± 2.87 
0.19 ±0.01 
2.19 ±0.16 
1.24 ± 0.31 

18.99 ± 0.96 
0.38 ± 0.01 
8.18 ± 0.29 
3.09 ± 0.36 
1.71 ± 0.09 
5.06 ± 0.70 
4.16 

60 min 

0.79 ± 0.08 
18.03 ± 2.90 
0.05 ± 0.00 
0.54 ±0.16 
1.10 ±0.76 

44.30 ± 5.88 
0.03 ± 0.01 
5.27 ± 3.64 
0.26 ± 0.03 
0.15 ± 0.04 
1.79 ± 0.50 
0.60 

1.21 ±0.13 
35.12 ± 1.56 

0.12 ± 0.01 
1.59 ± 0.26 
2.34 ± 0.74 

33.70 ± 0.80 
0.21 ± 0.02 
6.86 ± 0.52 
1.79 ± 0.14 
1.54 ±0.11 
6.87 ± 1.37 
4.23 

2 -

Table 2. Biodistribution of 4b(99mTc) in Rats 

-X-

1 1 I I M l 1 I 1 I 1 I 1 1 I 1 1 1 I I l I l . , I l 

0 5 10 15 20 25 30 35 40 45 50 55 60 

Time after injection (minutes) 

-D Brain + Blood -*Br/BI 

10 -| 

organ 

blood 
liver 
heart 
kidney 
stomach 
s intes 
1 intes 
spleen 
muscle 
lungs 
brain 
Br/Bl° 

5 min 

18.89 ± 1.87 
19.32 ± 4.64 
0.64 ± 0.08 
3.22 ± 0.86 
2.18 ± 1.09 
5.96 ± 1.92 
2.64 ± 0.88 
0.58 ± 0.16 

28.64 ± 4.08 
9.38 ± 1.46 
1.45 ± 0.15 
0.4 

% dose/organ 

10 min 

4b(99m(Tc) 
17.72 ± 2.26 
24.09 ± 2.49 

0.51 ± 0.09 
4.26 ± 0.57 
2.37 ± 0.78 
6.34 ± 1.08 
2.70 ± 0.55 
0.77 ±0.17 

27.89 ± 5.45 
7.78 ± 1.52 
1.16 ±0.13 
0.4 

a Brain/blood: % dose/g ratio. 

30 min 

7.47 ± 0.87 
29.63 ± 4.63 

0.17 ± 0.03 
6.33 ± 1.09 
2.19 ± 0.70 
7.55 ± 1.79 
1.27 ± 0.15 
0.30 ± 0.06 

16.52 ± 1.89 
2.08 ± 0.03 
0.53 ± 0.05 
0.5 

60 min 

4.80 ± 0.96 
35.74 ± 6.02 

0.15 ± 0.02 
8.73 ± 0.56 
2.05 ± 0.56 
8.15 ±3.20 
1.05 ± 0.60 
0.46 ± 0.14 

10.60 ±3.11 
1.14 ±0.28 
0.46 ± 0.08 
0.6 

8 1 

10 15 20 
-T-p-H 

25 
- r j - n 

30 35 
- r -p - i 

45 
- r -p- i 

50 55 60 

Time after injection (minutes) 

* Brain -*- Blood *-Br/BI 

Figure 3. Brain and blood clearance curves and brain to blood 
ratio of 4a("mTc) (A) and 4b(99mTc) (B) showing the significant 
retention of 4b(99mTc) within the mouse brain, 

design complexes capable of penetrating the BBB. In 
this case, tridentate SSS, SOS, ligand, or ONS and ONO 
Schiff bases were reacted with the TcO3+ core in the 
presence of monodentate thiol R-SH. However animal 
studies19 demonstrated negligible uptake of the com
plexes by brain tissue. 

10 60 70 20 30 40 50 

Time after injection (minutes) 

-B-brain -+blood -+-br/bl 

Figure 4. Brain and blood clearance curves and brain to blood 
ratio of 4b(99mTc) in rats. 

In the present study, novel complexes of oxotechne-
tium(V) were developed on the basis of the mixed ligand 
approach. Tertiary aminodithiol ligands containing the 
SNS donor set were chosen for coordination studies with 
the TcO3+ core. Although they could function as tetra-
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dentate tripodals, these ligands acted as t r identates and 
wrapped around the meta l core, leaving open one 
coordination site cis to the oxo group. The chemical 
studies demonstra ted t h a t this coordination site could 
be occupied by a monodenta te thiol. Thus, neu t ra l 
mixed ligand complexes were isolated in high yield using 
p-methoxythiophenol as coligand. The mixed ligand 
complexes 4a,b (Scheme 2) were also formed in a 
reproducible way a t technet ium t racer level (99mTc). 
Corroboration of the s t ructure was achieved by compar
ing the high-performance liquid chromatographic pro
files of the technetium-99/technetium-99m complexes. 
Biodistribution of 4a(99mTc) and 4b(99mTc) in mice 
demons t ra ted high ini t ial b ra in up take . Complex 
4a(99mTc) did not display prolonged bra in retention, as 
compared to 4b(9 9 mTc). The la t te r demonstra ted sig
nificant re tent ion in b ra in t issue, displaying high Br/ 
Bl ratios in mice, 5 - 6 0 min pi. However, the 4b(99mTc) 
retent ion mechanism is yet unknown and h a s to be 
investigated. Our findings so far suggest t h a t these 
t r identa te SNS ligands, outlined in Scheme 1, form a 
challenging backbone for further development of 99mTc 
brain agents based on mixed ligand strategy. S t ruc tu re -
activity relat ionship studies by modifying R function
alities of the t r iden ta te SNS and/or the monodentate 
ligand are in progress. 

E x p e r i m e n t a l S e c t i o n 

Ligands 2a,b were synthesized, via the reaction presented 
in Scheme 1, by methods previously described.12 Commercially 
available 4-methoxythiophenol was purified by distillation. 
[BiUN][99TcOCLi] and "Tc(V)-gluconate complexes were syn
thesized by literature methods.20,21 Technetium complexes 
3a,b were synthesized by reacting the ligands 2a,b with 
[Bu4N][99TcOCl4] in organic solvent (Scheme 2, 3a,b). Mixed 
ligand complexes of compounds 2a,b with 4-methoxythio
phenol as coligand were synthesized by ligand exchange 
reaction using "Tc(V)-gluconate (Scheme 2, 4a,b). Prepara
tion, at tracer level, of 4a,b was accomplished by reacting 2a 
or 2b and the coligand with 99mTc(V)-glucoheptonate (prepared 
from a commercial kit). Complexes, prepared at carrier level, 
were characterized by IR, UV-vis, and 1H NMR spectra, as 
well as by elemental analysis. IR spectra were obtained from 
KBr pellets on a Perkin-Elmer 1600 FT-IR spectrophotometer. 
UV-vis spectra were obtained in methanol or dichloromethane 
on a Beckman DU-65 spectrophotometer. The 1H NMR 
spectra were obtained on a Bruker FT-NMR/250AF spectrom
eter. Details of the NMR chemical shift assignments are given 
in ref 14. High-performance liquid chromatography (HPLC) 
analyses of technetium mixed ligand complexes, prepared at 
carrier as well as at tracer level, were performed on a LDC 
Milton Roy chromatography gradient system, equipped with 
a UV-vis detector [LDC Milton Roy, MP 3000] and a Beckman 
171 detector for y or low /? detection. The radioactivity of the 
biological samples, as well as of the solutions used to determine 
partition coefficients, was counted in a well-type y-counter 
[NaI(Tl)] crystal Canberra Packard Auto-Gamma 5000 series 
instrument. 

Preparation of Technetium Complexes at Carrier 
Level. Chloro[AyV-bis(2-mercaptoethyl)-2-(ethylthio)-
ethylamine]oxotechnetium(V) (3a). Tetrabutylammonium 
tetrachlorooxotechnetate (100 mg, 0.2 mmol) was dissolved in 
15 mL of absolute ethanol purged for 15 min with dry argon. 
A solution of 45 mg (0.2 mmol) of iV,iv"-bis(2-mercaptoethyl)-
2-(ethylthio)ethylamine (2a) in 1.5 mL of dichloromethane was 
added, dropwise, to the [TcOCl4]- solution, under magnetic 
stirring. During addition, a red brown precipitate was formed. 
The reaction mixture was then heated gently for 1-2 min; the 
red brown precipitate turned to a deep brown, which was 
filtered and washed with hot, absolute ethanol. The filtrate 
was then cooled at 4 0C overnight, giving dark red crystals of 

the desired product 3a, yield 9 mg (12%). IR (KBr): 943 
(Tc=O), 431 cm"1 (Tc-N). UV-vis (dichloromethane): 287 
(f 17 070), 417 (e 3220), 472 (e 1180). 1H NMR (CDCl3): d 
1.31 (t, 3H, J = 7.4 Hz, SCH2CH3*), 2.62 (q, 2H, J = 7.4 Hz, 
SCH2*CH3), 2.95 (m, 2H, EtSCH^CH2N), 3.87 (m, 2H, EtSCH2-
CH2*N), 3.29, 3.65 (m, 4H, SCH2CH2*N), 3.10, 3.69 (m, 4H, 
SCH2*CH2N). Anal. (C 8 HI 7 NS 3 OTCCI) C, H, N. Red crystals 
suitable for X-ray crystallographic analysis were obtained by 
recrystallization from EtOH/MeOH/CH2Cl2 (4:2:1) at 4 0C for 
several days. 

Chloro[JV^V-bis(2-mercaptoethyl)-iV'>iV'-diethylethyl-
enediamine]oxotechnetium(V), Hydrochloride (3b). Com
pound 3b was prepared using a procedure similar to that 
described for compound 3a to yield 15% of orange crystals. IR 
(HCl salt, KBr): 2650-2480 (N + -H hydrochloric salt), 936 
(Tc=O), 433 cm"1 (Tc-N). UV-vis (methanol): 278 (6 20 880), 
421 (e 4580), 475 sh (e 2590). 1H NMR (CD3CN): <5 1.38 (t, 
6H, NCH2CH3*), 3.18 (q, 4H, NCH2*CH3), 3.50 (m, 2H, Et2-
NCH2*CH2N), 4.23 (m, 2H, Et2NCH2CH2*N), 3.11, 3.33, 3.73, 
3.87 (m, 8H, SCH2CH2N). Anal. (Ci0H23N2S2OTcCl2) C, H, 
N, S. 

[4-(Methoxythio)phenolato][iVyV-bis(2-mercaptoethyl)-
2-(ethylthio)ethylamine]oxotechnetium(V) (4a). 99Tc(V)-
gluconate was prepared as previously described21 by the 
addition of 45 mg of stannous chloride in 0.1 N HCl to a 
solution of 200 mg of sodium gluconate and 36.2 mg (0.2 mmol) 
OfNH4

99TcO4 in 4 mL of water containing 0.1 mL of 99mTc04" 
(0.5 mCi). After dilution of Tc(V)-gluconate with 2 mL of 
acetone, a solution of iV^V-bis(2-mercaptoethyl)-2-(ethylthio)-
ethylamine (45 mg, 0.2 mmol) and 28 mg (0.226 mmol) of 
4-methoxythiophenol in 2 mL of acetone was added, dropwise, 
under magnetic stirring. The solution, which became purple, 
was stirred for 30 min, and a deep brown oily layer was 
separated from the reaction mixture. The acetone was care
fully removed by rotary evaporation, and the mixture was 
extracted three times with 20 mL of dichloromethane. The 
organic extracts were dried over MgSO4, and the volume was 
reduced to 10 mL by rotary evaporation at room temperature. 
The solution, after addition of a small volume of pentane, was 
left at 4 0C for 3 days to give crystals of a dark red color, 48 
mg, yield 50%. IR (KBr): 920 (Tc=O), 1240,1025 (C-O-C) , 
831 (C-H aromatic), 428 cm"1 (C-N). UV-vis (dichloro
methane): 273 (e 20 590), 357 (e 3700), 526 (e 4520), 636 sh (e 
970). 1H NMR (CDCl3): 6 1.31 (t, 3H, J = 7.4 Hz, SCH2CH3*), 
2.64 (q, 2H, J = 7.4 Hz, SCH2*CH3), 2.98 (m, 2H, Et-
SCH2*CH2N), 4.09 (m, 2H, EtSCH2CH2*N), 2.72, 3.49 (m, 4H, 
SCH2CH2*N), 2.99, 3.57 (m, 4H, SCH2*CH2N), 3.84 (s, 3H, 
OCH3), 7.56 (m, 2H, aromatic 2, 6), 6.92 (m, 2H, aromatic 3, 
5). Anal. (Ci5H24NS4O2Tc)CH1N. 

[4-(Methoxythio)phenolato][iV^V-bis(2-mercaptoethyl)-
iV',2V'-diethylethylenediamine]oxotechnetium(V) (4b). 
Compound 4b was prepared by a procedure similar to that 
described for compound 4a. Dark red crystals, 40 mg (50% 
yield), were isolated. IR (KBr): 921 (Tc=O), 1241, 1032 
(C-O-C) , 827 (C-H aromatic), 423 cm"1 (Tc-N). UV-vis 
(dichloromethane): 276 (e 17 860), 358 (e 5710), 522 (e 6770), 
627 sh (e 1360). 1H NMR (CDCl3): 6 1.07 (t, 6H, J = 7.1 Hz, 
NCH2CH3*), 2.60 (q, 4H, J = 7.1 Hz, NCH2*CH3), 2.90 (t, 2H, 
J = 6.5 Hz, Et2NCH2*CH2N), 4.05 (t, 2H, J = 6.5 Hz, Et2NCH2-
CH2*N), 2.81, 3.61 (m, 4H, SCH2CH2*N), 2.96, 3.59 (m, 4H, 
SCH2*CH2N), 3.84 (s, 3H, OCH3), 7.56 (m, 2H, aromatic 2, 6), 
6.91 (m, 2H, aromatic 3, 5). Anal. (Ci7H29N2S3O2Tc) C, H, N, 
S. Crystals for X-ray crystallographic analysis were prepared 
from a MeOH/CH2Cl2/H20 solution. 

Labeling with Technetium-99m. A vial containing a 
lyophilized mixture of 200 mg of sodium glucoheptonate and 
0.2 mg OfSnCl2 (TES-7 manufactured by NCSR "Demokritos") 
was reconstituted with 10 mL of water, and then 1.0 mL of 
this solution was mixed with 0.5-1.0 mL of pertechnetate ( 5 -
10 mCi). The resulting 99mTc(V)-glucoheptonate complex was 
added to a centrifuge tube containing equimolar quantities of 
the tridentate ligands (0.02 mmol of 2a or 2b) and 4-methoxy
thiophenol (0.02 mmol). The mixture was agitated in a vortex 
mixer and left to react at room temperature for 10 min. The 
aqueous phase was extracted with three successive 1.5 mL 
portions of CH2Cl2, and the combined organic extracts were 
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dried over MgSO.j and filtered. More than 80% of the activity 
was recovered by the organic layer. 

Analysis of 4a(99mTc) (50 fiL, 50-100 ^Ci) performed by 
reversed phase HPLC (C-18 Bondapack column, methanol: 
water, 70:30, 1.5 mL/min) showed a major radioactive peak 
(> 95%) with a retention time of 7.2 min. Compound 4b(99mTc) 
was analyzed by normal phase HPLC (u-Porasil column, 
dichloromethane:methanol, 85:15,1 mL/min). In this case, the 
main radioactive peak (>95%) was detected at 6.0 min. 
Identity of 4a(99mTc) and 4b(99mTc) was confirmed by coinjec-
tion with authentic samples (99Tc) of 4a,b, respectively. 

Crystal Data. C8H17NOSaClTc (3a): red, orthorhombic, 
P2mb (No. 33), a = 7.9049(7) A, b = 9.0904(8) A, c = 19.262(2) 
A, V = 1384.16 A3, Z = 4, fw = 372.88, Dc = 1.789 g/mL, p = 
6.80 cm"1. Ci7H29N2O2S3Tc (4b): dark red, monoclinic, P2i/n 
(No. 14) (systematic absences, 0&0, k = odd; hOl; h + I = odd), 
a = 11.8318(9) A, b = 10.4952(8) A, c = 33.800(2) A, /3 = 
94.483(3)°, V = 4184.3(3) A3, Z = 8, fw = 487.63, D0 = 1.548 
g/mL, ,M(MO) = 3.50 cm-1. Unit cell dimensions were deter
mined and refined by using the angular settings of 25 
automatically centered reflections in the range 11 < 26 < 24. 

Data Collection and Treatment. Diffraction measure
ments were made on a P2i Nicolet diffractometer upgraded 
by Crystal Logic using Zr-filtered Mo radiation (o = 0.71073 
A) with a 6 — 26 scan to 20max = 54° with scan speed 4.57min 
and scan range 2.6 + a.ia2 separation for 3a and a 20max = 46° 
with scan speed 1.57min and scan range 2.2 + o.ia2 separation 
for 4b. Three standard reflections monitored every 97 reflec
tions showed less than 3% variation and no decay. Lorentz, 
polarization, and ^-scan absorption corrections were applied 
using Crystal Logic software. For 3a, symmetry equivalent 
data were averaged with R = 0.0264 to give 2870 independent 
reflections from a total 4981 collected reflections and for 4b, 
R = 0.056, 5318 unique reflections, 6325 collected reflections. 

Solution and Refinement. The structures were solved 
by direct methods using SHELXS-86.22 The structure of 3a 
was refined by full-matrix least-squares with SHELX7622 using 
only 2436 reflections with F > 5oiF0) and refining 146 
parameters. All hydrogen atoms were introduced in calculated 
positions as riding on bonded atoms. All non-hydrogen atoms 
were refined anisotropically. The final values for R, Rv, and 
GOF are 0.0480, 0.0732, and 1.86 and for all data 0.0604, 
0.0798, and 2.01, respectively. (Ap)max = 3.380, (Ae)min = 
-1.148 e/A3 (in the vinicity of the heavy metal), and (A/a)max 
= 0.031. The structure with all coordinates inverted was 
refined to R = 0.0489, i?w = 0.0745, and GOF = 1.89. 

As we mentioned above, the crystallographic data for 4b 
was of poor quality (over 50% of the data unobserved), and 
refinement was continued only for the purposes of establishing 
the connectivity of the molecule (Figure 2). Final R = 0.1746 
(3690 reflections, F > 4(KF)). 

Animal Distribution Studies. Complexes 4a,b, prepared 
at tracer level (99111Tc), were studied in mice and rats. Five 
groups of male Swiss albino mice (at least five animals/group) 
were injected, in the vein tail, with HPLC-purified and 50% 
methanol-reconstituted 4a(99mTc) and 4b(99mTc) (0.1 mL, 2 - 3 
/<Ci). The animals were sacrificed by cardiectomy under slight 
ether anesthesia at a predesigned time interval (1-60 min pi). 
Samples of blood and muscle were collected, while the other 
organs of interest were removed intact and weighed. Their 
radioactivity was measured in a y-counter. A standard of 1% 
of the injected dose was used and the percent dose/organ and 
the percent dose/g were calculated. For blood and muscle, the 
calculation was based upon the measured activity, the sample 
weight, and the body composition data (considered as 7% and 
43% of the body weight, respectively). The brain/blood ratio 
was calculated from the corresponding percent dose/g values. 
In rat experiments, the animals were dosed with 0.1 mL of 
3 -6 /uCi through the femoral vein under ether anesthesia. 
Biodistribution was performed 5—60 min pi. 

Determination of Partition Coefficients. The partition 
coefficients were determined by mixing the HPLC-purified 
99mTc complexes (100 fiL) with an equal volume of 1-octanol 
and phosphate buffer (0.125 M, pH 7.4) in a centrifuge tube. 
The mixture was vortexed at room temperature for 3 min and 
finally centrifuged at 5000 rpm for 5 min. Three weighted 

samples from the octanol and aqueous layers were then 
counted in a y-counter. Partition coefficients were calculated 
as the mean value of each cpm/g of octanol layer divided by 
that of buffer. Samples from the octanol layer were subse
quently repartitioned with new buffer until constant values 
were obtained. This was usually achieved in three runs. The 
final partition coefficient values were expressed as log P. 
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Supplementary Material Available: Tables of fractional 
atomic coordinates, anisotropic positional thermal parameters, 
and bond distances and angles for 3a (3 pages); tables of 
observed and calculated structure factors (12 pages). Ordering 
information is given on any current masthead page. 
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