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The present paper deals with the synthesis and structural characterization of novel neutral oxorhenium(V) complexes
of the general formula ReO[SNO][NN]. The simultaneous action of the tridentate SNO ligand, N-(2-mercaptoacetyl)-
glycine (1), and the bidentate NN ligand, N-phenylpyridine-2-aldimine (2), on ReOCls(PPhs), leads to the formation
of two isomers 4a and 4b of the general formula ReO[SNO][NN], as a result of the different orientations of the NN
ligand. In both cases, the SNO donor atoms of the tridentate ligand occupy the three positions in the equatorial
plane of the distorted octahedron, whereas the oxo group is always directed toward one of the apical positions. In
the first isomer, 4a, the imino nitrogen of the NN ligand occupies the fourth equatorial position and the pyridine
type nitrogen is directed trans to the oxo group, while in the second isomer, 4b, the imino nitrogen of the NN ligand
occupies the apical position trans to the oxo group and the pyridine type nitrogen completes the equatorial plane
of the distorted octahedron. The [SNO][NN] mixed-ligand system was applied in the synthesis of the oxorhenium
complex 5 in which the 1-(2-methoxyphenyl)piperazine moiety, a fragment of the true 5-HT;4 antagonist WAY
100635, has been incorporated in the NN bidentate ligand (NN is N-{ 3-[4-(2-methoxyphenyl)piperazin-1-yljpropyl} -
pyridine-2-aldimine). In this case, high-performance liquid chromatography and NMR showed the existence of one
isomer, 5, in which the pyridine nitrogen is trans to the oxo core, as demonstrated by crystal structure analysis.

Introduction 8Re (12 = 0.7 daysEmax= 2.12 MeV) in the development
In the past 2 decades, the coordination chemistry of the of therapeutic radiopharmaceuticals has made coordination

group VI metals technetium and rhenium has been exten-Studies on technetium and rhenium even more attraétive.
sively investigated because of the widespread use of theBecause of their similar chemical properti€siechnetium
metastable isotop¥™c (purey-emitter, with ideal proper- ~ @nd rhenium are considered a “matched pair” for tumor
ties for imaging: ti» = 6 h; E, = 140 keV) in diagnostic ~ diagnosis and therapy because an existifigic radio-
nuclear mediciné. The introduction of the high-energy ~Pharmaceutical, which accumulates in cancerous tissue, can
f-emitters#Re (y, = 3.8 days:Ema = 1.07 MeV) and D€ used as a model for the development of*#®Re
analogue aiming at targeted radiotherapy. Macroscopic-level

*To whom correspondence should be addressed. E-mail: mspap@ i i i i i
rrp.demokritos.gr. Tel.:+30210 6503909. Fax:+30210 6524 480. inorganic chemistry of potentially useful complexes in

t Institute of RadioisotopesRadiodiagnostic Products, National Centre  NUclear medicine is commonly carried out by employing the

for Scientific Rt?sea_lrclzh “Demok_ritosl". . o Seieni . “cold” natural isotopic mixture of'®Re and!®'Re and,
Doopuute, of Biology, National Centre for Scientific. Research g hsequently, transferring the chemistry at the tracer level
§ Institute of Materials Science, National Centre for Scientific Research (*°™Tc and!8¢/18Re).
“Demokritos”. ; ; ;
Il Aristotelian University of Thessaloniki. Ne_W ligand systgms for teChn,etlum_ aqd rhen!L_jm are
(1) (@) Jurisson, S.; Berning, D.; Wei, J.; Ma, Ohem. Re. 1993 93, continuously emerging, aiming at higher in vivo stability and
1137-1156. (b) Dilworth, J. R.; Parrott, S. Chem. Soc. Re1998
27, 43-55. (c) Jurisson, S. S.; Lydon, J. Bhem. Re. 1999 99, (2) (a) Volkert, W. A.; Hoffman, TJ. Chem. Re 1999 99, 2269-2292.
2205-2218. (d) Liu, S.; Edwards, D. &hem. Re. 1999 99, 2235- (b) Schubiger, P. A.; Alberto, R.; Smith, Bioconjugate Chen1996
2268. 7, 165-179. (c) Reubi, J. CJ. Nucl. Med 1995 36, 1825.
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improved pharmacokinetic properties of the complexes. Scheme 1

Furthermore, the worldwide quest for site-specific radio- o~ A Ao
pharmaceuticals requires that the ligating framework be easily 1}, (jv ReOCH(PPhal; 8| )k ?/S/\Zf
derivatized for the incorporation of the biologically active S(OH v GoANR T g \/Re\/ N ,
molecule that will render specificity to the complex. The J 155N 0\42
oxotechnetium TcO(\) and oxorhenium ReO(V) cores =R FL ©
hold a prevalent role in the technetium and rhenium 1 2 R= " 4

1415 19 20
. . . . 16 15
che.mlstry because many of the. radlopha'rmaceutlcals in 3 R=_CH2CH2CH2_N/ L4 .y 5
clinical use today display a multidentate ligand wrapped nos o e M
around the oxometal cofe? OCH,

A major class of oxotechnetium and oxorhenium com- originating from the reaction of 2-pyridinecarbaldehyde and
plexes employs 6, linear tetradentate ligands, likesN  a primary amine (Scheme 1).
propyleneamine oximesNsS triamidomonothiol$, N2S, In the initial step of this investigation, neutral, stable,
diamidodithiols? monoamidomonoaminodithiofsand di- hexacoordinated complexes of the ReO[SNO][NN] type
aminodithiol$§ that produce neutral, pentacoordinated com- (Scheme 1) were synthesized and structurally characterized
plexes with square-pyramidal geometry. Another class for employing N-(2-mercaptoacetyl)glycinel] as the SNO
the synthesis of neutral oxometal(V) complexes involves the tridentate ligand and two different NN Schiff base ligands,
more flexible “3 + 1" donor atom systerf,in which a N-phenylpyridine-2-aldimine2) and N-{3-[4-(2-methoxy-
combination of tridentate and monodentate ligands allows, phenyl)piperazin-1-ylJpropypyridine-2-aldimine 3). In 3,
in principle, the fine-tuning of the biological properties of the 1-(2-methoxyphenyl)piperazine moiety, a fragment of the
the complexes through the selection of proper substituents.true 5-HT;4 antagonist WAY 10063% has been incorpo-
This approach has produced a series of pentacoordinatedated. The major obvious advantage of this strategy is the
square-pyramidal or trigonal-bipyramidal complexes as fact that, through the use of different primary amines,
potential brain radiopharmaceuticals. The drawback to the tethering of a bioactive molecule to a stable neutral oxo-
further development of the “3 1” class is its susceptibility =~ metal(V) complex can be easily achieved.
to substitution reactions in viv¥. To alleviate such handi- ) )
caps and increase stability, recent efforts have been focusing=xPerimental Section
on the design of the “3- 2” complexes in which a tridentate Synthesis. All chemicals were reagent-grade and were used
and a bidentate ligand (NSN/PO, NNN/PO, SNN/PO, SNO/ without further purification. The SNO tridentate liganh;(2-
PO, ONN/PO, ONO/PO, ONO/ON, and SNO/SN) coordinate mercaptoacetyl)glycinel}f, was prepared by in situ deprotection
with the oxometal(V) core to produce hexacoordinated, of benzoyl(mercaptoacetyl)glyciré.The two bidentate ligands,
closed-shell, octahedral compleﬁés. N-phenylpyridine-2-aldimin¥ (2) and N-{3-[4-(2-methoxy-

In the direction of designing small, neutral, and lipophilic Phenylpiperazin-1-yljprop¥byridine-2-aldiminé® (3), were syn-
model complexes for the development of receptor—basedthes'zed and purified according to published protocols (Scheme 1).

diagnostic and therapeutic radiopharmaceuticals, we haveRhenlum was purchased from Aldrich as KReld was converted

- S “ .o ) to the ReOGJPPh), precursor as reported previoudfy All
been investigating a novel “3- 2" mixed-ligand system compounds were characterized by IR and NMR spectroscopy.

[SNOJ[NN], where SNO is a tridentate ligand amenable t0 gq|yents for high-performance liquid chromatography (HPLC) were
deprotonation and NN is a bidentate Schiff base ligand

(11) (a) Nock, B.; Maina, T.; Tisato, F.; Papadopoulos, M.; Raptopoulou,

(3) Johannsen, B.; Spies, Mop. Curr. Chem1996 176, 77—121. C. P.; Terzis, A.; Chiotellis, EInorg. Chem 1999 38, 4197-4202.
(4) Jurisson, S.; Schlemper, E.; Troutner, D.; Canning, L.; Nowotnik, D.; (b) Nock, B.; Maina, T.; Tisato, F.; Raptopoulou, C. P.; Terzis, A,;
Neirinckx, R.Inorg. Chem.1986 25, 543-549. Chiotellis, E.Inorg. Chem?200Q 39, 5197-5202. (c) Nock, B.; Maina,
(5) (@) Rao, T. N.; Adhikesavalu, D.; Camerman, A.; Fritzberg, A. R. T.; Tisato, F.; Papadopoulos, M.; Raptopoulou, C. P.; Terzis, A,;
Inorg. Chim. Actal991, 180, 63—67. (b) Guhlke, S.; Schaffland, A.; Chiotellis, E.Inorg. Chem 200Q 39, 2178-2184. (d) Melian, C.;
Zamora, P. O.; Sartor, J.; Diekmann, D.; Bender, H.; Knapp, F. F,; Kremer, C.; Suescun, L.; Mombru, A.; Mariezcurrena, R.; Kremer,
Biersack, H. JNucl. Med Biol. 1998 25, 621-631. E. Inorg. Chim. Acta200Q 306, 70—77. (e) Chen, X.; Femia, F. J.;
(6) Rao, T. N.; Adhikesavalu, D.; Camerman, A.; Fritzberg, AJRAmM. Babich, J. W.; Zubieta, Jnorg. Chim. Acta200Q 307, 149-153. (f)
Chem. Soc199Q 112 5798-5804. Femia, F. J.; Chen, X.; Babich, J. W.; Zubietalnbrg. Chim. Acta
(7) O'Neil, J. P.; Wilson, S. R.; Katzenellenbogen, J.lAorg. Chem. 2001, 316 145-148. (g) Bolzati, C.; Porchia, M.; Bandoli, G.; Boschi,
1994 33, 319-325. A.; Malago, E.; Uccelli, L.Inorg. Chim. Acta2001, 315 205-212.
(8) Meegalla, S.; Plossl, K.; Kung, M.-P.; Chumpradit, S.; Stevenson, D. (h) Bereau, M. V.; Khan, I. S.; Abu-Omar, M. Nhorg. Chem2001,
A.; Kushner, S. A.; McElgin, W. T.; Mozley, P. D.; Kung, H. B. 40, 6767-6773. (i) Mevellec, F.; Roucoux, A.; Noiret, N.; Patin, H.
Med. Chem1997, 40, 9—17 and references cited therein. Inorg. Chim. Acta2002 332 30—36.
(9) (a) Pietzsch, H.-J.; Spies, H.; Hoffmann, S.; Stachindrg. Chim. (12) (a) Forster, E.; Cliffe, I.; Bill, D.; Dover, D.; Jones, G.; Reilly, Y.;
Acta1989 161, 15-16. (b) Mastrostamatis, S. G.; Papadopoulos, M. Fletcher, A.Eur. J. Pharmacol.1995 281, 81-88. (b) Lang, L.;
S.; Pirmettis, I. C.; Paschali, E.; Varvarigou, A. D.; Stassinopoulou, Jagoda, E.; Schmall, B.; Sassaman, M.; Ma, Y.; EckelmanNu¢l.
C. I.; Raptopoulou, C. P.; Terzis, A.; Chiotellis, E. Med. Chem Med. Biol 200Q 27, 457-462.
1994 37, 3212-3218. (c) Papadopoulos, M. S.; Pirmettis, I. C.; (13) Schneider, R. F.; Subramanian, G.; Feld, T. A.; McAfee, J. G.; Zapf-
Pelecanou, M.; Raptopoulou, C. P.; Terzis, A.; Stassinopoulou, C. I.; Longo, C.; Palladino, E.; Thomas, F. D.Nucl Med 1984 25, 223—
Chiotellis, E.Inorg. Chem 1996 35, 7377-7383. 229.

(10) (a) Pelecanou, M.; Pirmettis, I. C.; Nock, B. A.; Papadopoulos, M.; (14) (a) Johnson, D.; Mayer, H.; Minard, J.; Banaticla, J.; Miller|r@rg.
Chiotellis, E.; Stassinopoulou, C.lhorg. Chim Acta1998 281, 148— Chim. Actal988 144, 167-171. (b) Winn, M.; Dunnigan, D. A,;
152. (b) Syhre, R.; Seifert, S.; Spies, H.; Gupta, A.; Johannsen, B. Zaugg, H.J. Org. Chem1968 33, 2388-2392.

Eur. J. Nucl. Med 1998 25, 793-796. (c) Nock, B.; Maina, T.; (15) Alberto, R.; Schibli, R.; Schubiger, A.; Abram, U.; Pietzsch, H.-J.;
Yannoukakos, D.; Pirmettis, I. C.; Papadopoulos, M. S.; Chiotellis, Johannsen, BJ. Am. Chem. Sod 999 121, 6076-6077.
E. J. Med. Chem1999 42, 1066-1075. (16) Chatt, J.; Row, G. AJ. Chem. Socl962 4019-4033.
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HPLC-grade. They were filtered through membrane filters (0.22 Table 1. Summary of Crystal, Intensity Collection, and Refinement
um, Millipore, Milford, MA) and degassed by a helium flux before ~ Data

use. 4 5
IR spectra were recorde_d on KBr_peIIets on a Perkin-Elmer 1600 empirical formula GeH1NsOsReS GaHaNsOsReS

FT-IR spectrophotometer in the region 466800 cntl. The NMR fw 530.56 686.79
spectra were recorded in CRX@n a Bruker 500-MHz Avance DRX temp (K) 298 298
spectrometer using (GJ4Si as the internal reference. Elemental ~ wavelength{, A) MO/KOL(O-“O 730) 'V'/O K¢ (0.710 730)
analyses for C, H, N, and S were conducted on a Perkin-Elmer 2‘2239 group Eglznl(l) ’/ﬁnzﬁg(@
2400/l automatic elemental analyzer. HPLC analysis was per- p(A) 16:243(9) 10'.548(5)
formed on a Waters 600E chromatography system coupled to a c(A) 11.256(7) 33.90(2)
Waters 991 photodiode array detector. Separations were achieved £ (deg) 107.34(2) 91.87(2)

: : V (A3) 3352(3) 5099(4)
on a Techsil C18 (1@m, 250 mmx 4 mm) column eluted with 5 8
a binary gradient sy;tgm atalb mL rrﬂrilow_ rate._ Mobil_e phase_ Deaica (Mg m~3) 2102 1.789
A was water containing 0.1% trifluoroacetic acid, while mobile  aps coeffu (mm?) 7.401 4.893
phase B was methanol containing also 0.1% trifluoroacetic acid. F(000) 2032 2720
The elution profile was 815 min to 30% B followed by a linear GOF onF2 1.049 1.092

Rindices R1= 0.0459 R1=0.0379

gradient to 40% in 5 min; this composition was held for another
10 min. After a column wash with 95% B for 5 min, the column
was reequilibrated by applying the initial conditions (30% B) for aFor 5298 reflections with > 20(1). PFor 3739 reflections with >
15 min prior to the next injection. 20(1)-

ReO[SCH,CONCH,COO][0-CsHsNCH=NC¢Hs] (4). To a
solution of benzoyl(mercaptoacetyl)glycine (51 mg, 0.2 mmol) in
15 mL of methanol was added 1 mif & M NaOH. The mixture

wR2=0.121G¢ wR2=0.0928

Crystal Logic software. The structures were solved by direct
methods usingHELXS-88 and refined by full-matrix least-squares
) 1 ; : . techniques onF? using SHELXL-97'8 Further crystallographic
was stirred for 30 min under nitrogen and then neutralized with j.tails fora: 20... = 50°. scan speed 4°2nin1, scan range 2.2

. . . . max s . y .
0.5 MHCI. To thl's solution were addled und(;r stirring OONa | + a,0, separation, reflections collected/unique/used 7234/5889 [
(164 mg, 2 mmol)2 (34 mg, 0.2 mmol), _and the precursor Re@(_: = 0.0716]/5889, 554 parameters refineplma{[Ap]min = 0.920+~
(PPh); (166.6 mg, 0.2 mmol). The mixture was refluxed until a 0.997 e A3, [Alo]max = 0.012, RLWR?2 (for all datay 0.0508/

clear SO'“F'On formed (about 30 ml_n). Alter the_addltlon ofLCH, 0.1267. All hydrogen atoms were located by difference maps and
the organic phase was washed with water, dried over Mg& were refined isotropically (except those on C13, C14, and C28,
concentrated tq a small volumt_e, and then 5 mL of methanol was which were introduced at calculated positions as riding on bonded
added: Analysis of the solution by HPL,C demonst.rated the atoms); all non-hydrogen atoms were refined anisotropically. Further
formation of two cor_nplexes}aand4b, in a ratio of approximately _ crystallographic details fd5: 26max = 50°, scan speed 22Gmin-%,

1:1. Slow evaporation of the solvents afforded a red-brown solid. scan range 2.2 0,0, separation, reflections collected/unique/used

Crystals suitable for X-ray studies were isolated by dissolving the 4567/4483 Ry = 0.0350]/4483, 433 parameters refinelp[mal
.. . . . nt — . ) ma’
precipitate in CHCI,/MeOH and allowing the solvent mixture to [Ap]min = 0.973/-0.993 e A3, [A/o]max= 0.004, R1/WR2 (for all

slowly evaporate. Through fractional crystallization, enrichment of data) = 0.0491/0.1022. All hydrogen atoms were located by

the mlx_turehm one Off ﬂ;]e complexels was possible; c%mplectje difference maps and were refined isotropically (except those on
separation, however, of the two complexes was never achieved. -7 \yhich were introduced at calculated positions as riding on

Yield: 70%. FT-IR (cni, KBr pellet): 959, 970 (Re0). Anal. bonded atoms); all non-hydrogen atoms were refined anisotropically.
Calcd for GeH14N3O4SRe: C, 36.22; H, 2.66; N, 7.92; S, 12.06.

Found: C, 36.30; H, 2.70; N, 7.85; S, 12.12. Results and Discussion
REO[SCHchNCHchO][O-C5H4NCH=N(CH2)3N(CH2- . . .
CH,):N-0-CH30Ph] (5). The complex was synthesized and isolated 'Synthe5|'s.React|on of eqwmolgr amounlts of the. SNO
in a similar manner using@ (141 mg, 0.2 mmol) as the bidentate tridentate ligandl, and the NN bidentate ligand, with
ligand. Analysis of the solution by HPLC demonstrated the the R&OCI(PPh). precursor (Scheme 1) led to the forma-
formation of a single major produck, The presence of a minor  tion of two complexes of4 (4a and 4b) in a ratio of
product <5%) was also evident in the HPLC analysis. Crystals approximately 1:1, as revealed by HPLC and NMR. Forma-
suitable for X-ray studies were isolated by dissolving the precipitate tion of isomeric complexes is theoretically possible because
in CH,Cl,/MeOH and allowing the solvent mixture to slowly  the bidentate NN ligand can approach the oxorhenium core
evaporate. in different ways. Indeed, X-ray analysis of the crystals
Yield: 72%. FT-IR (cnt*, KBr pellet): 970 (Re=0). Anal. isolated during synthesis revealed that in complexthe
Callcd for GaHsNsOsSRe: C, 41.97; H, 4.40; N, 10.20; S, 4.67. pyridine nitrogen of the NN ligand is oriented trans to the
Found: C, 41.89; H, 4.50; N, 10.55; S, 4.57. oxometal group, while in complesb the imine nitrogen of
X-ray Crystal Structure Determl_natlon of Complexes 4 and the NN ligand is oriented trans to the oxo core.
5. Crystals of compound4 and5 suitable for X-ray analysis were The Schiff bases ina the biologicall tive 1-(2-
mounted in air on a Crystal Logic Dual Goniometer diffractometer € Schi as_ ' car_rylng _e 10 Og.lca.y active 1-(
using graphite-monochromated Maxadiation. Unit cell dimen- methoxyphenyl)plperaglne moiety, which is a fragment of
sions were determined by using the angular settings of 25 the true 5-HT, antagonist WAY 100635, was subsequently
automatically centered reflections in the range 4120 < 23, employed as the NN bidentate ligand. Under the same

and they appear in Table 1. Intensity data were recorded using a - - —
6—20 scan. Three standard reflections monitored every 97 reflec- (17) Sheldrick, G. MSHELXS-86Structure Saling Program University
of Gottingen: Gottingen, Germany, 1986.

tionS_Sh_owed less than 3% ‘_/ariaﬁon a;nd no decaY-_ Lorentz, (18) sheldrick, G. MSHELXL-97: Program for Crystal Structure Refine-
polarization, andp-scan absorption corrections were applied using ment University of Gottingen: Gottingen, Germany, 1997.
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conditions as those above, HPLC analysis of the crude
reaction mixture indicated the formation of a single com-
pound5 (>95%), in which the pyridine nitrogen of the NN ,
ligand is positioned trans to the oxo core, as revealed by

X-ray analysis. The existence of only one isomer in the °
reaction mixture was also evident in the NMR spectra.

Preferential formation of one stereoisomer over the other
has been reported in the literature for other oxorhenium(V)
and oxotechnetium(V) MOI[bS;] and MO[SNS][S] (M=
Tc, Re) complexed) the factors, however, governing the
observed stereoselectivity are not well understood. Appar-
ently, a combination of steric and electronic parameters  c26
determine the way a ligand binds to the metal center. In :
complex 4, the comparable sizes and similar chemical c14 ¢
character of pyridine and the phenyl ring of the NN ligand Figure 1. Labeled ORTEP diagram showing both isomes(left) and
2 do not impose significant thermodynamic barriers on the 4b (right), with thermal ellipsoids drawn at 40% probability. Hydrogen
way that2 is positioned, and both isomers are formed. In 2©°ms have been omitted for clarity.
the case of complek, the size of the NN ligan® appears Table 2. Selected Bond Distances (A) and Angles (deg)4arand4b

C35 c34
Byt

to be a significant factor in the preferential formation of the 13 b
isomer in which the bulk\N-3-[4-(2-methoxyphenyl)piper-
azin-1-Jpropy! side chain is directed away from the metal- Distances
goordination _sphe_re and steric_ interagt_ion_s with the SNO 2222:(1\)5% %;ggg% ggiﬁ% i.'g;?((g))
ligand are minimized. Alternative positioning of the NN Re2-022 2.049(6) Ret02 2.048(5)
ligand 3 trans to the oxometal center would limit to some 2622:“33 g%gggg Eei“g g-igéggg
. . H . e . e .

extent the kmeuc freedom of the side cham: The pref_erence Re2-S21 2.308(2) Re1S1 2.304(2)
of the sp nitrogen donor atom of the NN bidentate ligand Angles
to occupy the apical position trans to the oxygen of the (o21-Re2-N21 108.7(3) O+Rel-N1 108.6(3)
oxorhenium(V) core has been observed in all other monooxo ©021-Re2-022 101.4((3)) O%tRel-02 101.853))

: : N21—-Re2-022 79.1(2 N+Rel-02 78.8(2
octahedral o>_<orhen|ur_n and _oxqte_:chzr:)gglu_m _MO[NI;IO]iX] 021-Re2-N23 83.2(3) OLReI_NZ 88.0(3)
complexes, with NN being 2;Dipyridine?%2Phiimidazole? N21—Re2-N23 162.2(3) N2 Rel—N1 162.8(2)
2-(2-pyridyl)benzothiazol@%42-(2 -pyridyl)benzoxazol@¥ 83_;622:“32 1233((%)) 8?2%—“% 122.?((3))

; i ; i —Re . el- .
or_dlazabutqdlené@ and X being monodentate chlorine or NZ1—Re2-N22 91.6(2) NLReLN3 92.4(2)
thiophenol ligands. 022-Re2-N22 76.3(2) O2Rel-N3 75.6(2)

i in  N23—Re2-N22 71.2(2) N2-Rel-N3 70.6(2)

The newly synthesized com_pounds were extracted in 021-Re2-S91 103.0) OLROLS1 103.3(2)
CHCI, and isolated as crystalline products from fCi}/ N21-Re2-S21 82.9(2) N:Rel-S1 83.3(2)
MeOH. All complexes gave correct elemental analyses and 022-Re2-S21 153.2(2) O2Rel-S1 153.2(2)
i ) N23—Re2-S21 99.2(2) N2Rel-S1 96.4(2)

were characterized by IR and NMR spectroscopy and X-ray N22-Res o921 98.3(3) N3 RoLS1 84.5(2)

crystallography. They are soluble in @El; and chloroform,

slightly soluble in methanol or ethanol, and insoluble in ether,  The IR spectrum oft (a mixture of4a and4b) exhibits,

pentane, and water. They are stable in the solid state as welRS expected, two oxorhenium characteristic stretching bands

as in organic solutions (for a period of months), as shown that were specifically assignedg at 970 cm* and 4b at

by HPLC and NMR. Their stability is not affected by the 959 cm'!) by comparison of their relative intensities to the

presence of air or moisture. analogy of the isomers in the NMR spectrum of the mixture.
The oxorhenium stretching band &fappears at 970 crh.

(19) (a) Hansen, L.; Lipowska, M.; Maidez, E.; Xu, X.; Hirota, S.; Taylor, 1 hese values are consistent with those reported for several

A.T.; Marzilli, L. G. Inorg. Chem1999 38, 5351-5358. (b) Marzilli, other well-characterized monooxo complexes of rhenitim.

L. G.; Banaszczyk, M. G.; Hansen, L.; Kuklenyik, Z.; Cini, R.; Taylor, _ ; ;
A., Jr.Inorg. Chem1994 33, 4850-4860. (c) Mahmood, A.; Baidoo, X-ray Crystallography. Compound# crystallizes in the

K. E.; Lever, S. Z. InTechnetium and Rhenium in Chemistry and monoclinic space grouB2;/n with two crystallographically

Nuclear Medicine 3Nicolini, M., Bandoli, G., Mazzi, U., Eds.; Cortina independent mo'ecu'es in the asymmetric una and4b)
International: Verona, Italy, 1990; pp 13924. (d) Papadopoulos, Th | | truct f both | | . .
M.; Pirmettis, I.; Pelecanou, M.; Raptopoulou, C. P.; Terzis, A.; € molecular structures or both molecules are given In

20) %t;assinOp%ulou, C. 1.; Chiotellis, Enorg. Chelr(n.|1996 3h5, 7377. Figure 1, and selected bond distances and angles are listed
20) (a) Papachristou, M.; Pirmettis, I. C.; Tsoukalas, Ch.; Papagianno- : : ; [
poulou, D.: Rapiopoulou, C.. Terzis, A. Stassinopoulou, C. I. N Table 2. C_ompounB crystallizes in the _monocllnlc space
Chiotellis, E.; Pelecanou, M.; Papadopoulos, INbrg. Chem 2003 groupA2/n with one crystallographically independent mol-
42, 5778-5784. (b) Fortin, S.; Beauchamp, A. Inorg. Chem200q ecule in the asymmetric unit. The molecular structuré of
39, 4886-4893. (c) Tzanopoulou, S.; Pirmettis, |. C.; Patsis, G.; . - y ’ .
Raptopouk)u’ C’ Terzisl A’ Papadopouk)s’ M, Pe|ecan0ang IS ShOWﬂ N F|gure 2, and Selected bond dIStanCQS and angles

Chem 2006 45, 902-909. (d) Gangopadhyay, J.; Sengupta, S.; are given in Table 3. In all complexes, the coordination

Bhattacharyya, S.; Chakraborty, |.; Chakravorty)marg. Chem2002 . P
41, 2616-2622. (¢) Das, S.; Chakraborty, I.; Chakravorty,iAorg. geometry around the rhenium is distorted octahedral com-

Chem.2003 42, 6545-6555. prised by the SNO donor atom set of the tridentate ligand,
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Nowzel “3 + 2" Oxorhenium Complexes

to the oxo group, as is the case 44 The presence of
isomersd4a and4b as two crystallographically independent
molecules in the same asymmetric unit is particularly
interesting and suggests that both isomers can be equally
“freezed” in the solid state. The oxo group exerts significant
trans influence to the ReN(pyridine) and Re-N(imine)
bond lengths in both isomers. In particular, in isoméas
and5, where the pyridine type nitrogen is trans to the oxo
group, the Re-N(pyridine) bond distances [2.267(7) A in
4aand 2.281(6) A irb] are longer than the ReN(pyridine)
distance [2.180(6) A] imtb, where the imine type nitrogen

is trans to the oxo group. In addition, the-Reé(imine) bond
distances are longer [2.261(6) A] 4b than in4a[2.146(7)

Al and 5[2.127(6) A]. In all cases, rhenium lies above the
equatorial plane of the distorted octahedron toward the
doubly bonded oxygen atom (0.36, 0.37, and 0.38 Adtayr

4b, and5, respectively). The ReO axis is inclined at 79.6,
79.3, and 80.5with respect to the equatorial plane of the
octahedron iMa, 4b, and5, respectively. There are three
five-membered chelating rings in the coordination sphere.
The one defined by the RN—C—-C—0O atoms of the
tridentate ligand and the second defined by the-Re-C—
C—N atoms of the bidentate ligand are planar. The third five-
membered chelating ring, defined by the-R&-C—C—N
atoms of the tridentate ligand, adopts in all complexes the
envelope configuration, with the sulfur atom displaced out
of the mean plane of the remaining four atoms (0.64, 0.54,
and 0.26 A inda, 4b, and5, respectively). The angles around
Figure 2. Labeled ORTEP diagram &fwith thermal ellipsoids drawn at rhenium within the tetragpnal plane of the octahedron range
40% probability. Hydrogen atoms have been omitted for clarity. from 79.1(2) to 99.2(2) (in 4a), from 78.8(2) to 96.4(2)

(in 4b), and from 79.2(2) to 97.1(2)in 5), whereas those
involving the apical atoms range from 71.2(2) to 108.7(3)

Table 3. Selected Bond Distances (A) and Angles (deg)5or

Distances (in 4@), from 70.6(2) to 108.6(3)(in 4b), and from 71.5(2)
521:(,\)& i;gg%g; Szimg gégzggg to 107.2(3} (in 5). As expected, the bite angle of the
Rel-02 2.058(5) RetS 2.299(2) bidentate ligand (NRe—N) is the smallest one in the

Angles coordination sphere. All bonding distances in the coordina-
01-Rel-N1 107.2(3) O2Rel-N2 76.9(2) tion sphere fall in the ranges observed in analogous
0O1-Rel-02 102.2(2) N2-Rel-N3 71.5(2) complexes.
gigziﬁg ;8_'28)) Sisgig 13;_'%((3)) NMR Studies. *H and*3C NMR chemical shift assign-
N1-Rel-N3 163.0(2) 02 Rel-S 151.9(2) ments for complexed and5 were based on the combined
02-Rel-N3 93.0(2) N3-Rel-S 97.1(2) analysis offH—H andH—*C correlation spectra and are
ﬁi:ggimé lgg_'gg)) NZRel=S 81.5() reported in Table 4. The numbering of the atoms is shown

in Scheme 1.

the two nitrogen atoms of the bidentate ligand, and the Inthe case of comple4, two entities of similar but distinct
double-bonded oxygen atom. In all cases, the SNO donorstructure, each bearirgj(NN ligand) andl (SNO ligand),
atoms of the tridentate ligand occupy three positions in the were present in solution. Their spectra were in agreement
equatorial plane of the distorted octahedron, whereas the oxowith the isomeric structures resulting from the different
group is always directed to one of the apical positions. positioning of the ligand with respect to the oxorhenium core,
Depending on the way that the NN bidentate ligand ap- as revealed by the X-ray crystallographic analysis (Figure
proaches rhenium, we identify two isomers: in the first 1). No interconversion between the isomers was noted during
isomer,4a, the pyridine type nitrogen of the NN ligand is the NMR studies. Distinction of the chemical shifts of each
directed trans to the oxo group and the imino nitrogen isomer was based on the presence of nuclear Overhauser
occupies the fourth equatorial position, while in the second effect (nOe) peaks. Specifically, isomdia, where the
isomer,4b, the imino nitrogen of the NN ligand occupies pyridine nitrogen is coordinated trans to the oxo group, is
the apical position trans to the oxo group and the pyridine characterized by nOe interaction peaks between the H1 and
type nitrogen completes the equatorial plane of the distorted H3 methylene protons of the SNO ligand and the H5 proton
octahedron. The crystal structure of compkeghows that of the pyridine moiety. On the other hand, isomér where

the pyridine type nitrogen of the NN ligand is directed trans the imine nitrogen is coordinated trans to the oxo group, is
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Table 4. 'H and3C NMR Chemical Shifts (ppm) for Complexds, 4b, and5 in CDCl; at 25°C

5
4a 4b 4a 4b
H1 4.71,3.88 4.63, 3.68 C1 45.76 45.89 H1 4.66, 3.88 C1 46.07
H3 4.66 4.29,3.41 c2 189.12 188.68 H3 4.67 c2 188.91
H5 7.91 9.38 C3 55.58 55.08 H5 7.80 C3 55.41
H6 7.23 7.72 C4 186.25 187.03 H6 7.17 C4 186.48
H7 7.99 7.94 C5 147.80 151.88 H7 7.92 C5 147.67
H8 7.81 8.11 C6 127.53 126.27 H8 7.68 C6 127.16
H10 8.29 8.39 c7 138.74 140.92 H10 8.48 Cc7 138.81
H12/H16 7.69 7.02 C8 129.20 128.19 H11 4.60,4.52 C8 128.10
H13/H15 7.51 7.37 C9 151.22 151.74 H12 2.50 C9 152.48
H14 7.51 7.35 C10 162.16 159.70 H13 2.62 C10 162.25
c1 154.60 146.58 H14/H17 2.72,2.65 Cc1 66.72
C12/C16 122.15 121.62 H15/H16 3.12 C12 22.66
C13/C15 129.31 129.45 H20 6.87 C13 54.65
Cl4 129.31 129.45 H21 7.01 c14/Cc17 53.21
H22 6.94 C15/C16 50.43
H23 6.94 C18 140.91
H24 3.87 C19 152.58
C20 111.34
c21 123.22
C22 121.02
C23 118.20
C24 55.52

characterized by nOe peaks between the H1 and H3A for isomer4b] is reflected in the chemical shift of the
methylene protons of the SNO ligand and the H12/H16 C11 quaternary carbon. Specifically, b, where the
protons of the phenyl ring. electron pull by the metal center is less effective, C11 appears
The most notableH NMR chemical shift difference  shielded by 8 ppm compared #a. The same argument
betweenda and 4b is recorded for the H5 proton of the applies to the effect of the length of the R (pyridine)
pyridine moiety, which appears deshielded by approximately bond on the chemical shift of C5. b, where the electron
1.5 ppm in4b compared toda. This difference may be  pull by the metal center is more effective [Table 2; Re2
attributed to the chemical shift anisotropy of the=R@ core N22 is 2.267(7) A for isomeda and Ret-N2 is 2.180(6)
that is known to differentially affect the chemical shifts of A for isomer4b], C5 is deshielded by 4 ppm compared to
neighboring protons depending on their placement relative 4a.
to the oxometal centét.It may also be partially due to the In conclusion, in this work a novel “3- 2" mixed-ligand
nonbonded interaction of H5 with the oxorhenium oxygen. system combining a SNO tridentate ligand and a NN
According to the crystallographic data, the distance of H5 bidentate ligand is introduced. This system leads to 18-
from the oxygen atom of the ReD core indbis 2.43 A, a electron octahedral [SNO][NN] neutral and stable oxo-
distance that may allow the distortion of the electron cloud rhenium complexes. Because the bidentate ligand is a Schiff
of H5 by the more electronegative oxygen. For the corre- base originating from the reaction of 2-pyridinecarbaldehyde
sponding C5 carbons, the chemical shift difference betweenand a primary amine, any bioactive molecule that carries a
4b and4ais 4 ppm. primary amine can, in principle, be incorporated in the NN
Another interesting difference betweéaand4b is noted bidentate ligand in order to render specificity to the complex.
for the H3 geminal protons of the SNO ligand backbone. In The successful formation of a “8 2” mixed-ligand complex
isomer4b, these protons are differentiated according to their carrying the bioactive moiety for 5-HX receptors exempli-
orientation with respect to the oxorhenium core, with the fies the potential of this system, which is currently being
endo (facing toward the oxygen of the R@®) being investigated in our laboratory through the use of a variety
deshielded by 0.9 ppm compared to the exo (facing away of small bioactive molecules. Transfer of the chemistry at
from the oxygen of the ReO core). In isomena, protons  technetium ©™c) and rhenium '¢%18Re) tracer levels is
H3 have very similar chemical shifts and they appear as aalso in course in order to investigate the applicability of this

multiplet centered at 4.66 ppm. The placement of the pyridine system for the development of potential radiopharmaceuti-
moiety trans to the oxometal coreda appears to influence  cals.

the appearance of H3 because undifferentiated H3 protons

are also present in comples which has a configuration ~_Acknowledgment. This work was supported by the
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