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The synthesis and characterization of oxotechnetium and oxorhenium mixed-ligand complexes of the general formula
MOINN][S]z (M = *Tc and Re), where NN represents the bidentate ligand 2,2'-bipyridine and S represents a
monodentate thiophenol, is reported. The complexes were prepared by ligand exchange reactions using
9Tc-gluconate and ReOCI3(PPhs); as precursors for the oxotechnetium and oxorhenium complexes, respectively.
Compound 1 (M = ®Tc, S = 4-methylthiophenol) crystallizes in the monoclinic space group P2;/a, a = 23.12(1)
A b = 14.3496) A ¢ = 8.801(4) A, B = 94.81(2)°, V = 2918(2) A3, Z = 4. Compound 3 (M = Re,
S = 4-methylthiophenol) crystallizes in the monoclinic space group P2i/a, a = 23.018(9) A, b = 14.421(5) A,
c = 87753) A B = 94.78(1)°, V = 2903(2) A3, Z = 4. Compound 4 (M = Re, S = 4-methoxythiophenol)
crystallizes in the orthorhombic space group Pbca, a = 16.32(1) A, b = 24.55(2) A, ¢ = 16.94(1) A, V = 6788(9)
A3 7 = 8. In all cases, the coordination geometry around the metal is distorted octahedral with the equatorial
plane being defined by the three sulfur atoms of the thiophenols and one nitrogen atom of 2,2'-bipyridine, while the
apical positions are occupied by the second nitrogen atom of 2,2'-bipyridine and the oxygen of the M=O core. The
complexes are stable, neutral, and lipophilic. Complete H and **C NMR assignments are reported for all complexes.
The analogous oxotechnetium complexes have been also synthesized at tracer level (*™Tc) by mixing the
2,2'-bipyridine and the corresponding thiol with Na**™TcO, generator eluate using NaBH, as reducing agent. Their
structure was established by chromatographic comparison with authentic oxotechnetium and oxorhenium complexes
using high performance liquid chromatography techniques.

Introduction 140 keV)! Many *"Tc-radiopharmaceuticals have become
available for clinical use, including®Tc-HMPAO and

The coordination chemistry of technetium has been 9mTc-ECD for cerebral blood flow imaging®™Tc-MAG
significantly investigated in the past two decades because]cor imaging renal function, an@™Tc-MIBI '99”‘Tc-tetr03-

one of its isotopes, the metastabl&Tc, is extensively used fosmin, and ®"c-furifosmin for myocardial perfusion
in formulating diagnostic radiopharmaceuticals due to its imagin;:) and many others are under clinical trisls

ideal nuclear properti mitter,ty, = 6 h, Emax = . . o
deal nuclear properties (pugeemitter,ti> = 6 h, Enax In carrying out synthetic and characterization wofc,

o which is a long-liveds-emitter, is often replaced by its third
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Novel Oxotechnetium and Oxorhenium Complexes

rhenium display similarity in their properties which arises Scheme 1
from their position in the periodic table combined with the R\Q\
S

R
1 M="%Tc R=CH,
S 2 M=%T¢, R=0CH,

lanthanide contraction which causes the two elements to have 0

almost identical radit. Furthermore, thes-emitting radio- \||/

nuclides!®Re (1, = 3.8 d, Enax = 1.07 MeV) and'®Re N M 3 M=Re,R=CH,
(ty>= 0.7 d,Emax= 2.12 MeV) are of great interest to nuclear U / : mf;ﬁ;: =R°_°CH;
medicine as they possess physical and nuclear properties AN 6 M;gngZ’R;OC;
favorable for use in systemic radiotheraplyurther studies [ P R ' ?

on the chemistry of technetium and rhenium will eventually
lead to the design of suitable backbones for the optimum
labeling of specific peptides and biomolecules. These studies

therefore, play an important role in the development of novel In this paper, we report the synthesis of novel six-

diagnostic and therapeutic radiopharmaceuticals. coordinated oxotechnetium and oxorhenium complédxe$

Our laboratory has been involved in the design and of the [NN][S]; type (Scheme 1), where NN represents the
synthesis of potential radiopharmaceuti€algilizing the bidentate 2,2bipyridine molecule, while S represents mono-
TcO(V)** and ReO(Vj* cores that give stable, pentacoor- dentate thiophenols which are commonly used as coligands
dinated or hexacoordinated complexes with a variety of for the TcO(V§™ and ReO(VJ' cores? 2,2-Bipyridine (bpy)
ligands carrying the S and N donor atoms. In these studies,is a stable aromatic ligand commonly used in transition metal
the “3+1",“2 +1+1",“3 +1+ 1", or“3 + 2" ligand chemistry, and a number of bipyridine complexes with the
combinations have been applied in the preparation of aoxorhenium core have been reported for various applica-
variety of neutral complexes of the MO[SNS]|[S]d tions? The rigid aromatic framework of 2;Dipyridine can
MO[SNN][S],6c¢ MO[SN][S][S],%¢ and MO[SNN][S][SP¢ serve as a model for the study of the coordination of
types, respectively, where M Tc and/or Re. The mixed- analogues of the amyloid binding dyes, Congo red and
ligand approach allows the tuning of the physicochemical thioflavin T. Both of these dyes show specificity for
properties and biodistribution of the complexes synthesized. 5-amyloid depositions{ and therefore, oxotechnetium com-
On the basis of this approach, complexes with affinity for Pléxes of these dyes may prove to be important steps in the
the serotonin receptbas well as the dopamine transporter d€velopment of in vivo radiodiagnostics for Alzheimer's

system in the brafhhave been successfully synthesized by disease. Complexes of Tc(l) with Congo red analogues and
isonitrile coligands have been reported, and they display

(4) (a) Deutsch, E.. Libson, K. Vanderheyden. J-L. Ketring, A. R.: affinity for amyloid fibrils; however, the fact that they carry

Maxon, H. R.Nucl. Med. Biol.1986 13, 465-477. (b) Dilworth, J.; a positive charge limits their applicability as noninvasive
Parrot, SChem. Soc. Re 199§ 27, 43-55. imaging agents of brain amylofd.

(5) Hashimoto, K.; Yoshihara. Topics in Current ChemistnBpringer-
Verlag: Berlin, 1996; Vol. 176, p 275. . .

(6) (a) Spyriounis, D. M.; Pelecanou, M.; Stassinopoulou, C. I.; Rapto- EXperimental Section
poulou, C. P.; Terzis, A.; Chiotellis, Hnorg. Chem.1995 34, 4, . . . . .
1077-1082. (b) Papadopoulos, M. S.; Pirmettis, I. C.; Pelecanou, M.; ~ Synthesis. Caution!!! Technetium-99 is a wealg-emitter
Raptopoulou, C. P.; Terzis, A.; Stassinopoulou, C. I.; Chiotellis, E. (292 keV) with a half-life of 2.12< 1° years. All manipulations

Inorg. Chem.1996 35 (5), 73777383. (c) Papadopoulos, M. S.; f solutions an li ntaining this radionuclide wer Iri
Pelecanou, M.; Pirmettis, I. C.; Spyriounis, D. M.; Raptopoulou, C. of solutions and solids containing this radionuclide were carried

the incorporation of an appropriate, target-specific group in
'one of the ligands.

P.: Terzis, A.; Stassinopoulou, C. I.: Chiotellis,|Eorg. Chem 1996 out_in_ a Iabor_atory gpproved for the handling of low-energy particle-
35 (5), 4478-4483. (d) Pirmettis, 1. C.; Papadopoulos, M. S.; emitting radionuclides. Normal safety procedures were followed
Chiotellis, E.J. Med. Chem1997 40, 2539-2546. (e) Rey, A.; at all times to prevent contamination. Technetium-99myisemitter

Pirmettis, I.; Pelecanou, M.; Papadopoulos, M.; Raptopoulou, C. P.; - - . } L
Mallo, L.. Stassinopoulou, C. I.: Terzis, A.; Chiotellis, E.. lreoA. (140 keV) with a half-life of 6 h. Handling of solutions containing

Inorg. Chem.200Q 39, 4211-4218. () Bouziotis, P.; Pirmettis, I;  this radionuclide always proceeded behind lead shielding.
Pelecanou, M.; Raptopoulou, C. P.; Terzis, A.; Papadopoulos, M.;  Standard literature procedures were used to obtain the precursor

Chiotellis, E.Chem. Eur. J2001, 7, 3671. (g) Chryssou, K.; Pelecanou, 12 99T ~_ 3 ;
M.; Pirmettis, I. C.; Papadopoulos, M. S.; Raptopoulou, C.; Terzis, molecules ReOG(PPh), 2 and*Tc-gluconaté:® All ligands and

A.; Chiotellis, E.; Stassinopoulou, C.lhorg. Chem2002 41,4653~

4663. (9) (a) Hoffman, D. M.; Lappas, DPolyhedron1996 15, 1539-1543.
(7) (a) Pietzch, H.-J.; Sheunemann, M.; Kretzschmar, M.; Elz, S.; Pertz, (b) Jung, J.-H.; Albright, T. A.; Hoffman, D. M.; Lee, T. R. Chem.

H. H.; Seifert, S.; Brust, P.; Spies, H.; Syhre, R.; JohannseNuBl. Soc, Dalton Trans.1999 4487-4494. (c) Fortin, S.; Beauchamp, A.

Med. Biol.1999 26, 865-875. (b) Papagiannopoulou, D.; Pirmettis, L. Inorg. Chem200Q 39, 4886-4893. (d) Espenson, J. H.; Shan, X.;
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P.; Johannsen, B\ucl. Med. Biol.2002 29, 375-387. (d) Papagi- 1994 15, 691-698. (b) Klunk, W. E.; Wang, Y.; Huang, G.-f.;

annopoulou, D.; Pirmettis, I.; Tsoukalas, C.; Nikoladou, L.; Drosso- Dednath, M. L.; Holt, D. P.; Ghester, A. Mife Sci.2001, 69, 1471
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organic solvents were purchased from commercial sources.

[NH4][®9TcO,] was purchased from the Oak Ridge National
Laboratory and was purified prior to its use by overnight treatment
with hydrogen peroxide and ammonium hydroxide in methanol.

Evaporation of the solvent afforded ammonium pertechnetate as a

white powder. N&"TcO, was obtained in physiological saline as
a commerciaP®Mo/?°"Tc generator eluate (Cis International).

IR spectra were recorded in KBr pellets in the range 40800
cm~1on a Perkin-Elmer 1600 FT-IR spectrophotometer. Elemental

analyses were performed on a Perkin-Elmer 2400/Il automated b (A)

analyzer. High-performance liquid chromatography (HPLC) analysis
was performed on a Waters 600E chromatography system couple
to both a Waters 991 photodiode array detector (UV trac&far,
Re and ligands) and a GABI-detector from Raytest/(trace for
99T ¢), Separations were achieved on a Techsil C18uh0 250
mm x 4 mm) column eluted with a binary gradient system ata 1.0
mL/min flow rate. Mobile phase A was methanol with 0.1% TFA
and mobile phase B was water with 0.1% TFA. The elution profile
was 50% A for 3-10 min followed by a linear gradient to 80% A
for 10—27 min. The column was washed with 95% A. Prior to
each injection, the column was equilibrated by applying the initial
conditions for 10 min.

NMR data for complexe§—4 are reported in the NMR section.

99TcO[bpy][ p-CH3CeH4S]s (1). A solution of tin(Il) chloride (45
mg, 0.24 mmol) in HCI (1 M, 1.0 mL) was added to an aqueous
solution of [NH][%°TcOy] (36.2 mg, 0.2 mmol) containiny™TcO,~
(0.1 mL, 0.5 mCi) and sodium gluconate (200 mg) to obtain
99/99nT c-gluconate. The pH of the solution was adjusted to 7.5 with
NaOH (1 M). This solution was added with stirring to a mixture
of 2,2-bipyridine (31.2 mg, 0.2 mmol) ang-methylthiophenol
(74.4 mg 0.6 mmol). The solution was stirred fb h and then
extracted three times with GBI, (3 x 20 mL). The organic phase
was separated, dried over Mgg@nd filtered. The volume of the
solution was reduced, and then;-3 mL of MeOH was added.

Papachristou et al.

Table 1. Summary of Crystal, Intensity Collection and Refinement
Data for Complexed, 3, and4

1 3 4-H,0-MeOH
empirical C31HooNoOSTe Cs1H29N2,ORES C3oH3sNoOgReS
formula
fw 640.68 727.94 826.00
T 298 298 298
wavelength Mo Kx, 0.710730 Mo Kx, 0.710730 Mo Ky, 0.710730
space group P2j/a P2i/a Pbca
a(A) 23.12(1) 23.018(9) 16.32(1)
14.394(6) 14.421(5) 24.55(2)
c(A) 8.801(4) 8.775(3) 16.94(1)
(deg) 94.81(2) 94.78(1)
V (A3) 2918(2) 2903(2) 6788(9)
z 4 4 8
DcaicdDmeas  1.456/1.44 1.666/1.65 1.617/1.60
(Mg m~3)
abs coefft  0.735 4.429 3.809
(mm?)
F(000) 1312 1440 3296
GOF onF? 1.041 1.063 1.051
Rindices R1=0.0376 R1=0.0387 R1 = 0.054%
WR2=0.092F wR2=0.1003 wR2=0.1308

aFor 3654 reflections with > 20(l). ® For 3621 reflections with >
20(1). ¢ For 3662 reflections with > 20().

Anal. Calcd for GiH,9N,OSRe (727.94): C, 51.15; H, 4.02; N,
3.85; S, 13.21. Found: C, 51.25; H, 4.00; N, 3.98; S, 13.28.
ReO[bpy][p-CH30CsH4S]; (4). Complex4 was synthesized by
following the same procedure as that describe®fand replacing
p-methylthiophenol wittp-methoxythiophenol (84.0 mg, 0.6 mmol).
Yield 55%. HPLC retention time: 14.88 min. UWis: 250, 298,
400 nm. FT-IR (KBr, cm): 938 (Re=0) 826, 763. Anal. Calcd
(%) for C31H29N20,S3ReH,0-CH;OH (826.00): C, 46.53; H, 4.27;
N, 3.39; S, 11.65. Found: C, 46.28; H, 4.15; N, 3.28; S, 11.49.
99mTcO[bpy][ p-CH3CeH S (5) and **™TcO[bpy][ p-CH30Ce-
H,SJs (6). °*"Tc-pertechnetate (N&TcO,) solution (10 mCi, 1.5

Slow evaporation of the solvents at room temperature afforded mL) was added in a centrifuge tube containing-bpyridine (3.1
brown-red crystals of the product. Structural characterization was mg, 0.02 mmol) ang-methylthiophenol (7.4 mg, 0.06 mmol) for

carried out afte®®"Tc decay. Yield 55%. HPLC retention time:
17.23 min. U\~vis: 241, 274, 481 nm. FT-IR (KBr, cmd): 917
(Tc=O0 stretch), 804, 766. Anal. Calcd (%) forz,0N,OSTc
(640.68): C, 58.12; H, 4.56; N, 4.37; S, 15.02. Found: C, 58.00;
H, 4.50; N, 4.50; S, 15.15.

99TcO[bpy][ p-CH30CsH.S]; (2). Complex2 was synthesized
by following the same procedure as that described Foand
replacingp-methylthiophenol withp-methoxythiophenol (84.0 mg,
0.6 mmol). Yield 50%. HPLC retention time: 15.35 min. &V
vis: 238, 283, 478 nm. FT-IR (KBr, cm): 913 (Tc=0), 826,
762. Anal. Calcd (%) for giH2gN,O4SsTcC (688.66): C, 54.06; H,
4.24; N, 4.07; S, 13.97. Found: C, 54.20; H, 4.30; N, 3.90; S 13.80.

ReO[bpy][p-CH3CsH4S]; (3)- The precursor ReOgPPh), (166
mg, 0.2 mmol) was added to a solution of &HDONa (164 mg,
2 mmol) in MeOH (12-15 mL). To this suspension were added
2,2-bipyridine (31.2 mg, 0.2 mmol) angtmethylthiophenol (74.4
mg, 0.6 mmol) under stirring. The mixture was refluxed until the
yellow-green suspension turned to a dark brown solution. After
cooling to room temperature, the reaction mixture was diluted with
CH.CI, and then washed with water. The organic layer was
separated from the mixture and dried over MgSthe volume of
the solution was reduced, and ther;38mL of MeOH was added.

5 or p-methoxythiophenol (8.4 mg, 0.06 mmol) fér NaBH, (10
mg) was added, and the mixture was agitated in a vortex mixer
and then heated (7) for 10 min. The complexes were extracted
with CH.CI, (3 x 1.5 mL). The labeling yields were #80% as
calculated by organic solvent extraction of the aqueous reaction
mixture. The organic extracts were analyzed by HPLC. HPLC
retention times: 18.04 and 16.07 min fbrand 6, respectively.
The identity of the?®™Tc complexes was established by comparative
HPLC studies using as references the well-characterized analogous
oxotechnetiunil, 2 and oxorheniun8, 4 complexes.

X-ray Crystal Structure Determination of Complexes 1, 3,
and 4. Crystals ofl, 3, and 4 suitable for X-ray analysis were
mounted in air on a Crystal Logic dual goniometer diffractometer
using graphite monochromated MaxKadiation. Unit cell dimen-
sions were determined by using the angular settings of 25
automatically centered reflections in the rangé ¥126 < 23°,
and they appear in Table 1. Intensity data were recorded using a
60—26 scan. Three standard reflections monitored every 97 reflec-
tions showed less than 3% variation and no decay. Lorentz,
polarization, andy-scan absorption corrections (f8Brand4 only)
were applied using Crystal Logic software. The structures were
solved by direct methods using SHELXS!8&nd refined by full-

Slow evaporation of the solvents at room temperature afforded the matrix least-squares techniques Bhusing SHELXL-93'°

product as brown crystals. Crystals @&f suitable for X-ray
crystallography were obtained by recrystallization from ,CH/
MeOH. Yield 60%. HPLC retention time: 16.53 min. WVis:
247, 301, 397 nm. FT-IR (KBr, cml): 942 (Re=0) 808, 763.

5780 Inorganic Chemistry, Vol. 42, No. 18, 2003

(14) Sheldrick, G. MSHELXS-86Structure saling Program University
of Gattingen: Gitingen, Germany, 1986.

(15) Sheldrick, G. MSHELXL-93, Program of Crystal Structure Refine-
ment University of Gdtingen: Gdtingen, Germany, 1993.



Nowel Oxotechnetium and Oxorhenium Complexes

Further crystallographic details fdr 20« = 49°, scan speed
2.2°Imin, scan range 2.2 a,a, separation, reflections collected/
unique/used 5209/4863R}[: = 0.0155]/4863, 459 parameters
refined, Ap]mal[Aplmin = 0.561/~0.383 /&, [Alo]max = 0.076,
R1/wR2 (for all dataj= 0.0573/0.1039. All hydrogen atoms were
located by difference maps and were refined isotropically; all non-H
atoms were refined anisotropically.

Further crystallographic details f& 20max = 47°, scan speed
2.6°/min, scan range 2.2 a,a, separation, reflections collected/
unique/used 4608/4291R[; = 0.0348]/4291, 429 parameters
refined, Ap]mal[Aplmin = 1.128/1.203 /&, [Alo]max = 0.042,
R1/wR2 (for all data)= 0.0490/0.1091. All hydrogen atoms were
located by difference maps and were refined isotropically (except

transto the oxo ligand, as is the casedmand4. Specifically,
the Re=0 stretch in the bipyridine complexes with alky
chloriné, or chlorine and alkyl coligands combirfédanges
between 990 and 970 crh Apparently, the presence of the
three aromatic thiol coligands causes a weakening of the
Re=0 bond in the bipyridine complexe&sand4 relative to
the other reported complexes. As observed with the oxorhe-
nium complexe$ and4, the Te=0 stretch for complexes
and 2 occurs more than 50 crh lower than in related
bipyridine complexes with halide coligands reported in the
literature!’

The electronic absorption spectra of the complexes were

those of the methyl groups, C17, C24, and C31, which were determined during HPLC analysis by employing the photo-
introduced at calculated positions as riding on bonded atoms); all §jgde array detector. The UWis spectra of the oxotech-

non-H atoms were refined anisotropically.

Further crystallographic details fdr 26m.x = 49°, scan speed
1.6°/min, scan range 1.9 a;0, separation, reflections collected/
unique/used 6171/560R[—=0.1225]/5601, 474 parameters refined,
[Aplmad[Ap]min = 1.909/~1.051 /&, [Alo]max = 0.016, R1/WR2
(for all data)= 0.0910/0.1628. All hydrogen atoms were located
by difference maps and were refined isotropically (except those of

netium complexes are characterized by an intense band at
481 and 478 nm foll and 2, respectively, while the UV
vis spectra of the oxorhenium complexes are characterized
by an intense band at 397 and 400 nm fdrand 4,
respectively.

Synthesis of**™Tc Complexes.The "¢ complexes

C1, C2, C17,C24, C27, and C31 which were included at calculated and 6 were prepared at tracer level by direct reduction of

positions as riding on bonded atoms; no H-atoms were included
for the water and methanol solvent molecules); all non-H atoms
were refined anisotropically.

Results and Discussion

Synthesis of Complexes 4+4. The oxotechnetium com-
plexesl and2 were prepared by ligand exchange reactions
using®®Tc-gluconate as precursor in a ratioc®®fc-gluconate/

bidentate/monodentate ligand 1:1:3. The oxorhenium com-

plexes3 and 4 were prepared in a similar manner using
ReOCk(PPh), as precursor. All complexes were extracted
in CH,Cl, and isolated as crystalline products from £CH}/

9nTcQ,~ in aqueous solution using NaBls reducing agent,

in the presence of the ligands, 2[#pyridine and p-
methylthiophenol fol5 or p-methoxythiophenol fob. The
complexes were extracted with dichloromethane, and HPLC
analysis of the extracts showed one major radioactive peak
with retention time similar to those of the analogdtigc

and Re complexes. This indicates that the complexes
prepared at tracer level’(Tc) and the complexes prepared
at macroscopic leveP{Tc and Re) have the same chemical
structure. Typical HPLC profiles of complexés3, and5

are given in Figure 1. The radioactivity recovery of the HPLC
column after the injection of the complex&sand 6 was

MeOH. The complexes were characterized by elemental monitored and found to be quantitative.

analyses, IR, UV-vis, and NMR spectroscopies, and X-ray

X-ray Crystallography. ORTEP diagrams of, 3, and4

crystallography. In each case, the NMR data indicated the gre given in Figures 24, respectively, and selected bond
presence of a single species and were in agreement with thejistances and angles are listed in Table 2. The coordination

structure of a complex of the general type MO[bpy}|gihd
specifically, themerisomer.
The complexes are soluble in CHGind CHCI,, less

geometry around the metal is distorted octahedral composed
of the two nitrogen atoms of the bipyridine, the three sulfur
atoms of the aromatic thiols, and the doubly bonded oxygen

soluble in MeOH and EtOH, and insoluble in ether. They atom. In all three complexes, the metal lies above the

are stable in the solid state and in organic solutions for a equatorial plane, defined by the three sulfur atoms of the
period of several weeks, as shown by HPLC and NMR, and aromatic thiols and the atom N1 of the bipyridine, toward

their stability is not affected by the presence of moisture or
air.

The Tc=0O stretch for complexe% and 2 occurs at 917
and 913 cm? while the Re=O stretch for complexe3 and
4 occurs at 942 and 938 cr respectively, and these values
are well within the range of the #O stretch reported in
the literature for oxotechnetium and oxorhenium complexes
with aminothiolate ligand$® The difference between the
Re=0 and the Te=O stretch frequencies in the analogous
complexes3 and1, as well as id and2, is approximately
25 cm'l, a difference that is consistently observed between
analogous oxorhenium and oxotechnetium compléXes.

It should be noted that the R&® stretch in3 and4 appears
considerably lower than the reported R@ stretch in
oxorhenium complexes of bipyridine with a RBl bond

the oxo group (0.32 A fod, 0.30 A for3, 0.34 A for 4).

(16) (a) Pelecanou, M.; Pirmettis, I. C.; Papadopoulos, M. S.; Raptopoulou,
C. P,; Terzis, A.; Chiotellis, E.; Stassinopoulou, Clrlorg. Chim.
Acta1999 287, 142—-151. (b) O'Neil, J. P.; Wilson, S. R.; Katzenel-
lenbogen, J. Alnorg. Chem1994 33, 3, 319-323. (c) Francesconi,
L. C.; Graczyk, G.; Wehrli, S.; Shaikh, S. N.; McClinton, D.; Liu, S.;
Zubieta, J.; Kung, H. Anorg. Chem 1993 32 3114-3124. (d) Rao,

T. N.; Brixner, D. I.; Srinivasan, A.; Kasina, S.; Vanderheyden, J.-L.;
Wester, D. W.; Fritzberg, A. RAppl. Radiat. 1sot1992 A42 525-
530. (e) Tisato, F.; Mazzi, U.; Bandoli, G.; Cros, G.; Darbieu, M.-H.;
Coulais, Y.; Guiraud, RJ. Chem. So¢Dalton Trans.1993 1301
1307. (f) Rao, T. N.; Adhikesavalu, D.; Camerman, A.; Fritzberg, A.
R. J. Am. Chem. Sod99Q 112 5798-5804. (g) Johnson, D. L.;
Fritzberg, A. R.; Hawkins, B. L.; Kasina, S.; Eshima,IbBorg. Chem
1984 23, 4204-4207. (h) Davison, A.; Orvig, C.; Trop, H. S.; Sohn,
M.; DePamphilis, B. V.; Jones, A. Gnorg. Chem.,198Q 19, 1988-
1992.

(17) Davison, A.; Jones, A. G.; Abrams, M. lhorg. Chem.1981 20,
4300-4302.
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Figure 1. Comparative reverse-phase HPLC chromatograms of complexes
1 and 3 (photometric detection) an8l (radiometric detection).

Table 2. Selected Bond Lengths (A) and Angles (deg) for Complexes

time (min)

1, 3, and4
1 3 4
Distances
Tc—0(1) 1.670(3) ReO(1) 1.702(5) 1.691(8)
Tc—N(1) 2.229(3) ReN(1) 2.197(6) 2.191(9)
Tc—N(2) 2.259(3) ReN(2) 2.234(6) 2.255(9)
Tc—S(2) 2.394(2) ReS(1) 2.345(2) 2.366(3)
Tc—S(2) 2.327(1) ReS(2) 2.320(2) 2.334(3)
Tc—S(3) 2.353(1) ReS(3) 2.384(2) 2.395(3)
Angles

O(1)-Tc—N(1) 83.8(1) O(1yRe—N(1) 84.6(2) 86.5(4)
O(1)-Tc—N(2) 154.5(1) O(lyRe-N(2) 155.4(2) 158.2(4)
N(2)—Tc—N(1) 70.8(1) N(2yRe—N(1) 70.9(2) 71.8(3)
O(1)-Tc—S(2) 105.5(1) O(XyRe-S(2) 104.4(2) 105.4(3)
N(1)—-Tc—S(2) 168.6(1) N(1yRe-S(2) 169.1(2) 167.5(3)
N(2)—Tc—S(2) 99.9(1) N(2yRe-S(2) 100.1(2) 96.3(3)
O(1)-Tc—S(1) 102.5(1) O(XyRe-S(1) 102.5(2) 102.6(3)
N(1)—-Tc—S(1) 94.3(1) N(1yRe-S(1) 96.4(2) 93.5(2)
N(2)—Tc—S(1) 81.2(1) N(2rRe-S(1) 80.0(2) 80.0(2)
S(2)-Tc—S(1) 77.4(1) S(2yRe—S(1) 87.8(1) 87.8(1)
O(1)-Tc—S(3) 103.1(1) O(XyRe-S(3) 102.0(2) 100.9(3)
N(1)—Tc—S(3) 97.1(1) N(1yRe-S(3) 94.5(2) 93.7(2)
N(2)—Tc—S(3) 79.5(1) N(2yRe-S(3) 81.4(2) 80.5(2)
S(2)-Tc—S(3) 87.4(1) S(2yRe-S(3) 77.8(1) 80.4(1)
S(1)>-Tc—S(3) 152.9(1) S(HRe-S(3) 154.0(1) 155.8(1)

The M=,y axis is inclined at 77.9 77.9, and 80.5in 1,

3, and4, respectively, with respect to the equatorial plane

which is almost perpendicular to the-NC—C—N chelating
plane of the bipyridine (884 88.9, and 89.8 in 1, 3, and

4, respectively). The five-membered ring in the coordination
sphere, defined by the NC—C—N chelating atoms of the

bipyridine and the metal ion, is planar, and the-NO5—
C6—N2 dihedral angle is very small (3.,73.6°, and 3.2

for 1, 3, and4 respectively). The angles around the metal
within the tetragonal plane of the octahedron range from

77.4(1y to 97.1(1y in 1, from 77.8(1) to 96.4(2) in 3, and

from 80.4(1) to 93.7(2} in 4, whereas those involving the

apical atoms range from 70.8¢1) 105.5(1) in 1, from
70.9(2y to 104.4(2} in 3, and from 71.8(3) to 105.4(3}

in 4. As expected, the bite angle of the bidentate ligand{N1

Papachristou et al.
Table 3. H NMR Chemical Shifts §u, ppm) for Complexed—4

1 2 3 4
H-1 915 920 9.02 9.08
H-2 734 734 731 7.32
H-3 7.62 7.64 7.43 7.49
H-4 7.01 711 7.00 7.13
H-7 718 721 721 7.26
H-8 763 762 765 7.65
H-9 718 716 7.22 7.22
H-10 879 880 9.04 9.04
H-12/H-16 and H-26/H-30 6.20 6.21 6.13 (broad) 6.15 (broad)
H-13/H-15 and H-27/H-29 624 599 6.25 6.01
H-17 and H-31 201 354 204 3.54
H-19/H-23 775 776 175 7.77
H-20/H-22 7.28 699 7.29 7.01
H-24 240 3.84 242 3.83

Table 4. 13C NMR Chemical Shiftsdc, ppm) for Complexed—4

1 2 3 4

C-1 148.54 148.52 148.96 148.94
C-2 124.52 124.38 124.37 124.25
C-3 138.25 138.31 138.22 138.51
C-4 120.81 120.73 120.35 120.38
C-5 151.04 150.56 151.59 151.28
C-6 148.83 148.53 149.94 148.78
C-7 120.81 120.80 121.93 120.81
C-8 136.81 136.83 136.90 136.92
C-9 124.23 124.22 124.95 124.95
C-10 151.95 151.92 151.73 151.71
C-11,C-25 140.08 133.84 141.63 136.08
C-12/C-16 and C-26/C-30 134.43 135.47 133.91 134.90
C-13/C-15 and C-27/C-29 127.66 112.99 127.83 112.88
C-14/C-28 135.12 157.89 134.91 157.73
C-17/C-31 20.84 55.24 20.78 55.22
C-18 141.93 135.81 144.71 139.46
C-19,C-23 133.95 135.22 133.84 135.06
C-20, C-22 128.73 113.52 128.80 113.58
Cc-21 136.85 158.84 135.89 158.56
C-24 21.33 55.24 21.24 56.22

as an internal standard. For the 2D experiments, the standard
pulse sequences were employ#d.and3C chemical shifts

for complexesl—4 are reported in Tables 3 and 4. The atom
numbering adopted is the one of the crystallographic
structures shown in Figures—2.

In the 'H NMR spectra of all complexes, the bipyridine
moiety gave eight signals of equal intensity, indicating that
the two rings of bipyridine are inequivalent, and the complex
must be the mer isomer, with one bipyridine nitrogen
attachedtrans to the oxygen of the oxometal core, a fact
that was later confirmed by X-ray crystallography. Due to
the plane of symmetry that the complexes possess in this
arrangement (incorporating the=k@O core and the planar
bipyridine ring), the two side thiophenol rings (attached on
S1 and S3, Figures-24) are in similar magnetic environ-
ments and appear together while the middle one (attached
on S2) is differentiated. In all spectra, the two most downfield

M—N2) is the smallest one in the coordination sphere. The resonances were assigned to the bipyridine protons H-1 and
M=0 and M—S bond distances are in the usually observed H-10 due to their proximity to the coordinated nitrogens.

ranges$ The M—N2 bond, trans to the doubly bonded

oxygen, is slightly lengthened with respect to the-M1
bond distance, as has been observed in analogous comthiophenol ring (Figure 5). This proton was assigned to H-10

plexes®d

NMR Studies. 'H (500.13 MHz) and3C (125.77 MHz)

NMR spectra were recorded in CDGAIdrich) at 25°C on
a Bruker 500 MHz Avance DRX spectrometer with TMS pyridine.

5782 Inorganic Chemistry, Vol. 42, No. 18, 2003

Distinction between the two was based on the presence in
one of them of an nOe correlation peak with the middle

because examination of the three-dimensional model of the
complexes shows that the middle thiophenol ring can only
interact with the N2C6—C7—C8—C9-C10 ring of bi-



Novel Oxotechnetium and Oxorhenium Complexes
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The aromatic protons of the two side thiophenol rings are ppm 8 7 6
shifted upfield apparently due to—x stacking interactions Figure 5. Phase-sensitive NOESY spectrum (aromatic region) of complex
between the thiophenol and bipyridine molecules. Intramo- 4. The arrow marks the correlation peak between H-19/H-23 of the middle
lecular ring stacking between the aromatic rings of coordi- thiophenol ring and H-10 of the bipyridine moiety.
nated diamines (as 2,2-bipyridine or phenanthrotfhaid
other aromatic ligands has been previously observed in a
number of mixed-ligand transition metal complexes. Re-
cently, a stacking interaction was reported between the
phenyl rings of a diphosphine ligand attached to nitrido
Tc(V) and Re(V) core$’The fractional population of the
stacked speciePBsr, is given by the ratid\d/AdcaicuiaedVhere

A0 is the observed shift anlldcacuiatediS the shift expected
for complete stacking®® Compared to the chemical shifts
of thiophenol ligands in other oxorhenium complebes
where no aromatic stacking is possible, the upfield shift for
the ortho protons isAd ~ 1.4 ppm while that for theneta
protons isA0 ~ 0.6 ppm. TheAdcacuatedfOr theortho protons

of 4 was estimated according Johnson and BéVéy be
~1.4 ppm (by assuming that the pyridine ring approximates

(18) (a) Chaudhuri, P.; Sigel, H. Am. Chem. S0d977, 99, 3142-3150.
(b) Mitchell, P. R.; Sigel, HJ. Am. Chem. Sod.978 100, 1564~

1570. (c) Malini-Balakrishnan, R.; Scheller, K. H.;"Hag, U. K; (19) Bolzati, C.; Boschi, A.; Uccelli, L.; Tisato, F.; Refosco, F.; Cagnolini,
Tribolet, R.; Sigel, Hlnorg. Chem1985 24, 2067-2076. (d) Odani, A.; Duatti, A.; Prakash, S.; Bandoli, G.; Vittadini, A. Am. Chem.
A.; Deguchi, S.; Yamauchi, Onorg. Chem.1986 25, 62—69. (e) S0c.2002 124, 11468-11479.

Masuda, H.; Sugimori, T.; Odani, A.; Yamauchi, l@org. Chim. Acta (20) Johnson, C. E., Jr.; Bovey, F. A. Chem. Phys1958 29, 1012-
1991, 180, 73—79. 1014.
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the benzene ring and by estimating the distance between thesystems for these cores. The complexes were fully character-
two rings to be~3.4 A based on the bond distances and ized, and their chemistry was successfully transferred at the
angles provided by the crystallographical data). That gives **™Tc tracer level. The complexes are stable, neutral, and
Psr~ 1, meaning that on the average stacking predominateslipophilic and can therefore serve as a model for the
in solution. Raising the temperature up to*€Ddid not cause  development of radiodiagnostics for Alzheimer’s disease by
any change in the chemical shifts indicating that stacking in modifying the bipyridine moiety to mimic the basic structural

this system is relatively strong. Analogous results are features of thg8-amyloid specific dyes.
provided by all complexes.

Due to stacking, an upfield shift of 0.4 ppm is recorded  Acknowledgment. M. Pelecanou gratefully acknowledges
for the p-CHs and p-CHsO substituents of the thiophenol financial support by the National Bank of Greece.
rings of complexed—4. ] ) ) )

In conclusion, the simultaneous action of ‘2o8pyridine Supporting Information Available: Crystallogfap.hlc da.ta for
and an aromatic thiol on the oxotechnetium(V) and oxo- the structures of_ complexds 3, and4. ThIS material is available

. free of charge via the Internet at http://pubs.acs.org.

rhenium(V) precursors has generated complexes of the
MOI[NN][S] s type that expand the already existing chelating 1C034368J
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