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[NEt4],[Tc(CO)sCls] reacts with thiosemicarbazones derived from N A = N7

2,2 -dipyridyl ketone (HL®) and 4-acetylpyridine (HL*) to form | P R! | P N | L CH,
stable technetium(l) complexes of the compositions [Tc(CO)sCl- N" N" N |N
(HL3=N»,N™)] and [Tcy(CO)eCla(u-HLA-N,S)]. Whereas exclu- N-NH N-NH “NH

sively the pyridine nitrogen atoms are involved in coordination in
the monomeric complex, the binuclear compound represents the

first technetium complex with a coordinated thiosemicarbazone 101 3 4
functionality. HL (R’ =CHjy) HL HL
HL2 (R" = NH,)

S)\NHRZ S)\NHCHa S7  NH,
R2 = H, alkyl or aryl

Thiosemicarbazones are versatile ligands that can coor-influence of the nature of the substituents in the periphery
dinate as neutral ligands or in their deprotonated form. of the thiosemicarbazones on the structures of the products
Numerous metal complexes have been studied chemicallyhas also been found for tricarbonylrhenium(l) complexes.
and by X-ray crystallographySome of them show interest- A series of neutral complexes of the composition [Re-
ing biological behavior, such as antibacterial, antiviral, (CO)Br(HL)] has been prepared from [Re(GB})] and
antineoplastic, or antimalarial activity. ferrocenecarbaldehyde thiosemicarbazone or methylacetoac-

However, to the best of our knowledge, there is no etate thiosemicarbazofieThe presence of an additional
structural information about technetium complexes with pyridine ring in the periphery of the thiosemicarbazone {HL
thiosemicarbazones. Early reports exclusively refer to at- HL?) results in the coordination of the tricarbonylrhenium-
tempts to prepar®™c complexes at a concentration level (1) unit to this donor function. Syntheses and structures of
of approximately 10° mol/L.? The first rhenium thiosemi-  corresponding complexes with the potentially tridentate
carbazone complexes, [R@1'),]* cations with HI* = ligands HL* and HL2 have been reported very recently.
2-acetylpyridine thiosemicarbazones, were published in 2003.

They were prepared by a reductive ligand exchange starting CH, X
from [ReOCk(PPh),] or perrhenaté? Stable rhenium(V) O,\< | N NH,
complexes can be isolated when 2-acetylpyridineformamide \ N NzN NHR Br_ | |N
thiosemicarbazones are used instead of.iLA strong \Re/\ g \Re\/ N
0c [N oc” | co [
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Table 1. Selected Bond Lengths (A) and Angles (deg) in
[Tc(CO)CI(HL3—NPY,NY)]2.

Te—N11 2.000(3) Te-N21 2.194(3)
Te—Cl 2.475(1) CEN2 1.281(4)
N2—N3 1.352(4) N3-C4 1.370(4)
C4-N5 1.317(4) C4S 1.664(3)
Cl-Tc—C10 178.5(1) CHTc—C20 90.5(1)
Cl-Tc—C30 94.8(1) CHTc—N11 86.27(7)
Cl-Tc—N21 86.47(7) C16Tc-C20  88.8(2)
C10-Tc—C30 86.1(2) C16Tc-N11  94.3(1)
C10-Tc—N21 92.8(1) C26Tc—C30  89.4(2)
C20-Tc—N11  176.6(2) C26Tc-N21  95.6(2)
C30-Tc—N11 92.2(1) C36Tc-N21  175.0(2)

N11-Tc—N21 83.0(1)

) o ) a8 Mean values taken for two independent molecules. For individual bond
Figure 1. Ellipsoid representatidf of [Tc(CO)CI(HL3—NPY,NP)] (ther- lengths see Table S4Tc—C bonds are in the range between 1.883(4) and
mal ellipsoids represent 50% probability). 1.904(4) A.

technetium analogues of these compounds failed. Attempteddistorted octahedra with main distortions in the-Tc—N
reactions between [NE[Tc(CO)Cls] and HL! or HL2 only angles [83.2() and 82.8(19] due to the restricting bite
lead to oily products and/or decomposition of the organic angles of the six-membered chelate rings3tdbordinates
ligands. In the present communication, we describe the technetium as a neutral, bis-pyridine ligand. The thiosemi-
reactions of [NEfl[Tc(COXCls] with HL3 and HL* and the ~ carbazone unit remains unaffected. This bonding mode can
structures of the isolated products. be understood by the well-documented preferencgTaf
The addition of HE to a solution of [NEf][Tc(COxClj ~ (CO)s}* centers to bind to aromatic aminfeshich can also
in methanol results in the formation of an orange-red solid Pe used for the specific labeling of histidine-rich sites in
of [Tc(COXCI(HL3—NPY,NP)]-0.5MeOH (Il ).6 The IR peptides and proteins for nuclear medical purpdséke
frequency of the &S bond at 760 crt is almost uninflu- bond lengths and angles of the thiosemicarbazone subunit
enced by the complex formation, and the NH proton signals in complgxlll closely resemble the bonding situation in the
in the H NMR spectrum of the products appear at the same Noncoordinated compouriél Hydrogen atoms H3 and H5
positions as in uncoordinated thiosemicarbazone.These fact§orm hydrogen bonds to Cl and S atoms of neighboring
strongly indicate that the thiosemicarbazone site of isL molecules. These interactions and additional hydrogen bonds
not involved in the coordination of the metal and that only due to the solvent MeOH establish a three-dimensional
one or two pyridine rings bind to technetium. This is network. Details are shown in Figure S1 and Table S1 of
confirmed by the X-ray crystal structure of the compound. the Supporting Information.
[Tc(CO)CI(HL3—NPY,NP)]-0.5MeOH crystallizes in the The formation of a monomeric technetium complex with
triclinic space groupP1 with two crystallographically HL3 s, however, surprising \_Nith respect to the behavior of
independent molecules per unit celFigure 1 depicts an  the analogous tricarbonylrhenium(l) complex [NEERe(CO)-
ellipsoid representation of one of the complex molecules. Bral: which re?cts with HE to form the dimeric complex
Selected bond lengths and angles are summarized in TabldR€&(COXBI(L7)] (V) (see also Scheme 1). Similar com-
1. The coordination spheres of the technetium atoms arePl€xes with this unusual coordination mode of]it as
formally pentadentate ligand have also been obtained starting
(6) [T(COXCI(HLI)]-0.5MeOH:HL® (14 mg, 0.05 mmol) was added to  fOM [Re(COIX(CHCN);] complexes (X= Cl or Br).** The
aﬁolution of [NE_x]zrrc(coyg%Is] (53 mg,O.ﬂl mmgl) inz%thH Ejs rrr:L). two rhenium atoms in complel/ are linked by a singly
The reaction mixture was heated on reflux about and then H H H H t
stirred at room temperature for 1 h. The resulting orange-red solution deprotonated th|osem|carbazone, which establishes two fl\{e_
was filtered, and a yellow precipitate was filtered off (10 mg, 40%). membered chelate rings to one metal atom and one six-

Yellow-orange single crystals were obtained after slow concentration membered ring to the other. This results in a conjugated
of a MeOH solution of the complex. For spectroscopic data see Table

s3. m-system inside the thiosemicarbazone backbone.
(7) é;{g}g t(:lrzysta]j ’jtrus:tU)re qﬁi'f“'ﬁ“i(‘)’”fé |S[¥<:(C:£EI)(HL3)]-ICIJ-SM;:IOHK: For technetium, we could not find any evidence for the
nrail onius),_4e.5115N503, C, orange-yellow DIOCKsS, H H H .
triclinic, space grougPL. a — 8.006(1) A, b = 13.830(2) A.c = formation of_ such _dlmers. T_h|§ has been confirmed BTa
18.781(2) A, = 97.44(1y, B = 91.18(1), y = 98.47(1}, V = NMR experiment in acetonitrilel; as the solvent. Only two

2037.8(4) B, Z = 4. Deac = 1.646 g/cm, 6§ = 3—27°, 10791 i _ _ ;
reflections collected, 8865 independent, = 0.970 mm?! (no Slgnals at-1132 and—1057 ppm are observed durlng the

absorption correction applied), solved by direct methods and refined réaction of [NEf];[Tc(CO)Cls] with HL?3, which can be

?é’ r:‘ullld-maktrié It;\f/lasljsquarsis p}{%ﬁgdures ésing SH)Elﬁg and SHtELXL assigned to the precursor and [Tc(@CHL3)], respectively.
eldrick, G. M. University o ngen, Germany), parameters, . . .
R = 0.0442, WR= 0.1171. [Te(COXCla(u-HL?)]-2CH:CN: Bruker The latter signal is practically the on#Tc resonance that

Smart CCD, GgH26N10—0sCl2S,TcC,, orange-red plate, monoclinic,

space grouj2/c, a = 29.416(7%@A,b= 7.584(2) A,c = 15, 540(4) (8) Alberto, R.; Schibli, R.; Waibel, R.; Abram, U.; Schubiger, A. P.
A, p=9257(1},V = 3463(1) B, Z= 4. Dcac = 1.737 g/crR, 0 = Coord. Chem. Re 1999 901, 190.

2.62-27.54, 16431 reflections collected, 3927 independenrt, 1.128 (9) Waibel, R.; Alberto, R.; Willuda, J.; Finnern, R.; Schibli, R.;
mm~1 (absorption correction SADABT in = 0.8926,Tmax= 0.9563), Stichelberger, A.; Egli, A.; Abram, U.; Mach, J.-P.;"Bkthun, A.;
solved by direct methods and refined by full-matrix least-squares Schubiger, P. ANature Biotechnol1999 17, 897.

procedures using SHELXS and SHELXL (G. M. Sheldrick, University  (10) Pereiras-Gabhm G.; Vazquez-Lpez, E. M.; Abram, UZ. Anorg. Allg.

of Géttingen, Germany), 222 parametersy=0.0287, wR= 0.0575. Chem, 2004 630, 1665.
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Scheme 1. Reactions of HE with Common Tricarbonylrhenium(l) and -Technetium(l) Precursors

N\ 7 CO ez X [NEts]2[Re(CO)3Br3] Z X
_ /Nl _co N" N or N N\ ;30
s /N N /T|c\ - [NEt4o[Tc(C0)3Cla] N‘NH [Re(CO)sX(CH3CN)2l OC\/ /N~N——Re/co
>—NH / '\ ClI in MeOH or CH3CN )\ in MeOH, THF or CH3CN OC/Te\ P X/ “co
RHN o S "NHR S
CO NHR
n HL® v

can be detected after a 2-h refluxing period. The addition of Table 2. Selecteoll1 Bond Lengths (R) and Angles (deg) in
a supporting base such as NElid not result in the  [TC2COXCl(u-HL*=N,Sp*

deprotonation of the thiosemicarbazone and the formation $C:glll 22-52534(12% (T:e;ﬁz i-52>3383(9)
of a dimeric compound of typéV. The reasons for the N2—N3 1:376(3()) N3-C4 1'.34923))
different behaviors of technetium and rhenium are not yet  C4-N5 1.314(4) C&S 1.716(3)
clear. It might be attributable not only to differences in the  ¢_1¢—c10 178.64(9) GHTc—C20 94.4(8)
acidity of the tricarbonylmetal centers, but also to factors g:j0:g30 883-6?11(;5) glrechT_Nclzlzo g;-?l(ﬁ)
such as the high tendency of thi€c(CO)} " core to bind Cl0-TeoC30 90'.2(5)) CloTeNIL 92j3((1;
to aromatic amine% and the slightly different reactivities g%&?:ﬁn g%%% 8%33:230 1?3-116(31%
of the intermediately formed solvent complexes [M(GO) C30-TeNI1 156'_58()9) CaoTe g 88_'40((9))
(solv)]* should play a role. N11-Tc—S 89.20(6) Te-S-C4 108.44(9)
A dimeric product of the composition [FECO)Cla(u- 2 Symmetry transformation:=—x + ¥, =y + ¥, =z + 1. ® Tc—C bonds

HL4)2]°2CH3CN (V) is formed during reactions of [NE¢- are in the range between 1.892(3) and 1.916(3) A.

[Tc(COXCl3] with HL# in acetonitrile? The 4-position of
the nitrogen atom in the pyridine ring prevents chelate for-
mation, as has been observed for tricarbonylrhenium(l) com-
plexes with ligands of the types Hland HL2.4® This results

in a head-to-tail coordination of twpTc(CO)} ™ units.

ocC, CcO
—  CHs

OC—Tc—N
W W

}S cl NH
H2N~< o 4 2V

oc Co Figure 2. Ellipsoid representatidh of [Tca(CO)Cla(u-HL4—NPY,S)]
. L (thermal ellipsoids represent 50% probability).
The molecular structure &f is a centrosymmetric dimer

formed by two bridging S,N11-thiosemicarbazoRek. N2—N3(E), and N3-C4(E) bonds is maintained after
represents the first structurally characterized technetiumcoordination in the bridging units. The complexes are
complex that contains a coordinated thiosemicarbazoneconnected by a network of hydrogen bonds involving H5A,
ligand. Figure 2 depicts the molecular structure of the H5B, and H3 (Table S2 and Figure S2, Supporting Informa-
compound along with the atomic labeling scheme. The tion). The solvent molecules are located in channels along
technetium atoms are octahedrally coordinated by threethe crystallographi® axis.

carbonyl carbon atoms in fac arrangements, a chloro ligand, More studies on the reactivity of the presented complexes
and the N11 and S atoms of two thiosemicarbazone ligands.(particularly on the potential of complexes of the tyfieto
Selected bond lengths and angles are listed in Table 2.serve as building blocks in the synthesis of bimetallic
Despite the fact that thiosemicarbazone is not deprotonatedcomplexes) and with ligands having other substituents in their
in V, considerable delocalization of-electron density is  periphery are currently being carried out in our laboratory.
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