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Abstract—Two oxorhenium and two oxotechnetium [SN(R)S/S] mixed ligand complexes bearing the phenothiazine moiety on the
tridentate ligand SN(R)S have been synthesized and characterized. The corresponding complexes at tracer level (°>™Tc) have also

been prepared. © 2001 Elsevier Science Ltd. All rights reserved.

Introduction

The needs of modern nuclear medicine for molecular
probes of high specificity and selectivity prompt the
development of new classes of radioligands aiming at
specific receptor sites. Due to the fact that *°™Tc is
inexpensive, readily available, easy to image and has
decay energies that minimize the dose burden to
patients, many efforts are focusing on developing
receptor imaging agents based on *°™Tc.!-2

The 3+ 1’ concept is an interesting approach for the
preparation of neutral, lipophilic, small-size oxotechne-
tium mixed ligand complexes of the general type
TcOL'L.? The preparation of 3+ 1’ complexes requires
the simultaneous action of a dianionic tridentate ligand
L'H,, containing the SSS, SOS or SN(R)S donor atom
set and a monodentate thiol coligand, LH, on a suitable
oxotechnetium(V) precursor. Analogous oxorhenium
complexes are commonly synthesized since rhenium
displays similar coordination chemistry with techne-
tium. Very often rhenium is used as a non-radioactive
alternative to technetium for structural characterization.

*Corresponding author. Tel.: +30-1-650-3921; fax: +30-1-652-4480;
e-mail: echiot@mail.demokritos.gr

The 3+ 1° has been widely applied in the development
of novel diagnostic radiopharmaceuticals.®* A great
number of *™TcO[SN(R)S][S] derivatives have been
synthesized and evaluated in experimental animals as
potential brain perfusion agents.*> Furthermore, the
incorporation of the appropriate receptor seeking
group, mainly on the monodentate thiol, LH, led to the
generation of receptor specific complexes, which were
evaluated as SPECT imaging agents of the 5-HT,, ser-
otonin receptor®’ or the dopamine transporter system
in brain.®?

Phenothiazines are neuroleptic drugs and their clinical
effect is exerted mainly through the antagonism of
dopamine receptors in brain.'® Thus, the synthesis of
99mTe complexes incorporating in their structure the
phenothiazine moiety is of great interest for the devel-
opment of potential agents for imaging dopamine
receptors.

In this article, we report the synthesis of two novel
SN(R)S tridentate ligands (4 and 5, Scheme 1) in which
the phenothiazine and 2-chlorophenothiazine have been
incorporated to the SN(R)S backbone.

Using the tridentate ligands 4 and 5 as well as p-
methylthiophenol as a monodentate ligand, four novel
mixed ligand complexes (6-9, Scheme 2) of the general
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Scheme 1. (i) NaCNBH;, MeOH, pH: 6 glacial CH;COOH, rt, 24 h, (yield 70%); (ii) dry DMF, powder NaOH, rt, 1 h, (yield 80%); (iii) LiAlHy4, dry

THF, reflux 18 h (yield 80%).
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M=Re, R=H : 6, R=Cl : 7
M=Tc, R=H: 8, R=CI: 9

Scheme 2. Preparation and structures of complexes studied: (i)
ReOCI;3(PPhs), for 6 and 7; (ii) **TcO-gluconate for 8 and 9.

formula MO[SN(R)S][S] (M =Re or *°Tc) have been
synthesized and fully characterized. The corresponding
99mTe complexes have also been prepared.

Results and Discussion

The synthesis of the tridentate ligands 4 and 5 is pre-
sented in Scheme 1. Reductive amination of 2,2'-dithio-
bis(2-methylpropanal) with 3-bromopropylamime in a
molar ratio 1:1 in the presence of NaCNBH; at pH=6
results in the heterocyclic bromide, 5-(3-bromopropyl)-
3,3,7,7-tetramethyl[1,2,5]perhydrodithiazepine, 1. Alkyl-
ation of phenothiazine or 2-chlorophenothiazine with 1
in DMF in the presence of solid NaOH gives the het-
erocyclic bisulfide, 2 or 3, respectively. Finally, reduc-
tion of 2 or 3 with LiAlH,4 in dry THF yields the desired
tridentate ligand, 4 or 5. All the products were purified
through flash column chromatography and character-
ized by IR and '"H NMR spectroscopy.

The oxorhenium complexes 6 and 7 were prepared by
ligand exchange reaction using ReOCI;(PPhj), as pre-
cursor and equimolar quantities of 4 or 5 and p-

methylthiophenol (Scheme 2).!' The corresponding
oxotechnetium complexes 8 and 9 were synthesized in a
similar manner but using **TcO-gluconate as precursor
(Scheme 2).!2 All complexes were extracted in dichloro-
methane and were isolated as crystalline products by
slow evaporation from a solution of dichloromethane
and methanol. The complexes were characterized by
elemental analysis, IR, and NMR spectroscopy. '"H and
13C NMR data for complexes 6 and 7 are presented in
Table 1. The complexes are neutral, lipophilic and
stable in the solid state as well as in organic solutions as
shown by HPLC and NMR.

Complexes 6 and 7 were also characterized by X-ray
crystallography.!® For both complexes the coordination
geometry about rhenium can be described as trigonally
distorted square pyramidal (t=0.48 and t=0.31 for 6
and 7, respectively).!* The basal plane is defined by the
SNS donor atoms of the tridentate ligand and the sulfur
of the p-methylthiophenol while the oxygen atom of the
oxorhenium core occupies the apical position (Fig. 1). It
is worth noting that the propyl chain attached to the
nitrogen of the tridentate ligand adopts its extended
configuration in 7 (C5-C6—C7-N2=176°) while in 6 it
exists in its compressed form (C5-C6—C7-N2=69°).
The configuration of the propyl chain is syn with respect
to the oxygen of the oxorhenium core. The NMR stud-
ies demonstrate that 8 and 9 adopt the syn configuration
as well.

The synthesis of the complexes was successfully trans-
ferred at the technetium tracer level (°°™Tc) using
99mTcO-glucoheptonate as precursor.!> Due to the
coordinating power of the SN(R)S/S system, the reac-
tion was fast and nearly quantitative as determined by
organic solvent extraction of the aqueous reaction mix-
ture. Aliquots of the organic extracts were analyzed by
HPLC and in all cases recovery from the column was
monitored and found to be quantitative.

The structural analogy between the °°™Tc complexes
prepared at tracer level with the respective oxorhenium
and oxotechnetium-99 complexes prepared in macro-
scopic amounts was established by comparison of the
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Table 1. 'H and '*C NMR chemical shifts (CDCl3, 25°C) for com-
plexes 6 and 7. Numbering of the atoms is according to the crystal-
lographic structure shown in Figure 1

6 7 6 7
H-2 (H-3) endo® 336 337 C-1(C-4) 6145 6147
H-2 (H-3) exo® 231 232 C-2(C-3) 7629 76.30
H-5 409 408 c-s 6334  63.17
H-6 245 243 C-6 2192 21.67
H-7 395 3.92 c-7 4425 4441
H-9 6.87  6.83 -8 14475 146.01
H-10 723 — Cc9 11544 11584
H-11 699  7.03 C-10 12800  133.36
H-12 724 711 C-11 123.19  123.62
H-15 724 7.24 c-12 12733 128.44
H-16 699 697 C-13 126.55  124.95
H-17 723 725 C-14 126.55  126.17
H-18 6.87  6.88 C-15 12733 128.05
H-21 (H-25) 7.50  7.50 C-16 123.19  123.02
H-22 (H-24) 718 7.18 C-17 128.00  127.56
H-26 240 240 C-18 11544 11572
H-27 (H-29) 1.68  1.68 C-19 14475 144.03
H-28 (H-30) 145 147 C-20 148.66  148.63

C-21(C-25 13321 133.19
C-22(C-24) 12874  128.74
Cc-23 136.14  136.15
C-26 2120 21.19
C-27(C-29) 3085  30.85
C-28(C-30) 3130 3131

“endo Protons are those directed towards the oxygen of the oxorhe-
nium core; exo are those directed away from the oxygen of the oxor-
henium core.
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Figure 1. ORTEP drawing of 7, showing with 50% probability ther-
mal ellipsoids. Selected bond lengths (A) and angles (°): Re-O(1)
1.682(6), Re-N(1) 2.234(5), Re-S(1) 2.273(2), Re-S(2) 2.290(3), Re—
S(3) 2.287(2), O(1)-Re-N(1) 102.4(2), O(1)-Re-S(1) 112.1(3), N(1)-
Re-S(1) 83.7(2), O(1)-Re-S(3) 105.3(2), N(1)-Re-S(3) 151.5(2), S(1)-
Re-S(3) 92.1(1), O(1)-Re-S(2) 114.9(3), N(1)-Re-S(2) 82.7(2), S(1)-
Re-S(2) 132.9(1), S(3)-Re-S(2) 79.7(1).

HPLC retention times, adopting parallel radiometric
and photometric detection. Thus, by co-injection of the
oxorhenium (6 and 7), oxotechnetium (8 and 9) and the
corresponding oxotechnetium-99m complexes, identical
retention times are exhibited revealing their structural
analogy.

In this study, the synthesis of stable, neutral, and lipo-
philic oxorhenium and oxotechnetium complexes carry-
ing the phenothiazine moiety was successfully
demonstrated using the ‘3+ 1’ concept. The in vivo and
in vitro pharmacological evaluation of the technetium-
99m complexes is in progress.
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for 7. To a 0.5M AcONa solution in MeOH (4mL),
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After addition of CH,Cl, the organic phase is washed with
H,O, dried, and purified through column chromatography.
Dark green crystals separate by slow evaporation from
CHzClz/MCOH

Complex 6. IR (KBr, cm~!): 957 Re=0, 807. Anal. calcd
for: C3oH37N,S4ORe: C, 47.66; H, 4.93; N, 3.71; S, 16.96.
Found: C, 47.52; H, 5.17; N, 3.37; S, 17.19. NMR data are
given in Table 1.

Complex 7. IR (KBr, cm~!): 955 Re=0, 807. Anal. calcd

for: C3oH3¢N,-S4CIORe: C, 45.58; H, 4.59; N, 3.54; S, 16.22.
Found: C, 45.51; H, 5.05; N, 3.38; S, 16.59. NMR data are
given in Table 1.
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containing **"TcO,~ (0.1 mL, 0.5mCi) and sodium gluconate
(200 mg) to obtain the **Tc-gluconate. The pH of the solution
was adjusted to 7.5 with NaOH (1 N). This solution was added
to a mixture of the tridentate ligand 1-[3-(2-chloro-10H-
10-phenothiazinyl)propyl](2-methyl-2-sulfanylpropyl)amine-2-
methyl-propanethiol (93 mg, 0.2 mmol) and the monodentate
ligand p-methylthiophenol (24.8 mg, 0.2mmol) dissolved in
3mL ethanol. The solution was stirred for 60 min at 55°C,
and extracted with dichloromethane (3x10mL). The organic
phase was separated, dried over MgSO, and filtered. The
volume of the solution was reduced to SmL and then 5mL of
methanol were added. Slow evaporation of the solvents at
room temperature afforded the product as dark red crystals.

Complex 8. IR (KBr, cm~'): 930 Tc=0, 807, 751. Anal.
calcd for: C30H37N2$4OTCI C, 5395, H, 558, N, 419, S, 19.20.
Found: C, 54.11; H, 5.35; N, 4.35; S, 19.52. 'H NMR (ppm,
CDCly): 7.49, 7.15 (4H, m, 4-CH;s-phenylthiol ), 7.23-6.88 (8H,
m, phenothiazine), 4.18 (2H, m, NCH,CH,CH,phenothiazine),
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