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[NEt,]o[Re(CO)sBr3] reacts with 2-acetylpyridine phenylthiosemi- compounds was published very recently dealing with cationic
carbazone (HL?) and 2-pyridine formamide thiosemicarbazone (HL?) Re(lll) compounds of the general composition [REf*

under formation of air-stable, neutral rhenium(l) complexes of the where HL!® represents a tridentate acetylpyridine thiosemi-
compositions [Re(CO)s(L-N,N,S)] and [Re(CO)sBr(HL2-N,N)]. Spec- carbazonato ligand. They have been prepared by a reductive
troscopic studies and X-ray crystallography show that the potentially ligand exchange starting from [ReQ@Ph),] or [ReQy] .

A series of tricarbonylrhenium(l) complexes have been
prepared from [Re(CGBr] and ferrocenylcarbaldehyde
thiosemicarbazones or methylacetoacetate thiosemicarba-
zones, and complexes of the composition [Re($BO(HL)]

(I) and [Re(COXL)]- (Il ) have been isolated and structur-
ally characterized. The thiosemicarbazones act in both
structure types as bidentate N,S donors. Deprotonation of

Thiosemicarbazones (tautomeric forrtes and Ib) are the ligands and dimerization was achieved by the addition
versatile ligands which can coordinate as neutral ligands or of sodium methoxide to complexes of tyfle
in their deprotonated form. Numerous metal complexes have In the present Communication, we describe the products
been studied chemically and by X-ray crystallograplayd of the reactions of [NE};[Re(CO}Br3], which has been
some of them show interesting biological beha¥ibigands shown to be an excellent starting material for the synthesis
with additional donor groups such aPR,, —NHz, —OH, of tricarbonylrhenium(l) complexéswith the potentially
or —SH at the substituent'Rare of special interest since tridentate thiosemicarbazones derived from 2-acetylpyridine
they can coordinate in a tridentate fashion which results in (HL1) and 2-pyridineformamide (Hl) and with a related
a significant increase of the stability of the complexes. Schiff base ligand (H#). The ligands have been prepared
according to previously published procedutes.

tridentate thiosemicarbazones adopt unusual coordination modes.
Whereas HL! deprotonates and binds to the metal in a nonplanar
fashion, HL? acts as neutral N,N donor ligand. The bond lengths
inside the chelate rings are almost uninfluenced by the overall
bonding situation.

R b R SH
C'N-2N-3C-“NH, CIN-2N=3C-“NH,
R H R | X ‘ X | X
la Ib N/ | CHj N/ NH, N/ ] NHy
Surprisingly, less is known about rhenium complexes with N N N NH N Ho
thiosemicarbazones. The first structural report on such A
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The reaction of [NE{,[Re(CO}Br;] with HL* in methanol
leads to a brown solution from which a stable, orange-brown
crystalline solid can be isolatédAddition of a few drops
of triethylamine increases the rate of the reaction but is not
mandatory to obtain the product. Strong bands at 2016, 1920,
and 1898 cmt in the IR spectrum of the resulting complex
clearly confirm the presence of three carbonyl ligands in a
facial arrangement. The FABspectrum shows a peak at
m'z 541 which can be assigned to an ion of the
composition [Re(CQJHLY]*. Fragmentation mainly occurs
by the abstraction of carbonyl ligands/g = 512, 484, and
456) and sulfur ifyz = 508).

An X-ray structure determination on [Re(GQ)Y)]®
(Figure 1) confirms the spectroscopic results and shows the
rhenium atom in a strongly distorted coordination environ-

Molecular structurgof [Re(CO}(LY)].

Figure 1.

Table 1. Selected Bond Lenghts (A) and Angles (deg) in
[Re(COX(LY)], [Re(COXBr(HL?)], and [Re(COY(HL3)]

[Re(COK(LY] [Re(CORBr(HL?)] [Re(CORBr(HLI)

ment. These distortion are caused by the restraints imposed;e—mé %-igi(g) %-igg(g) g-gi(g)
by thg skeletqn of the thiosemipgrpazgnato ligand which R;—SB,Br 2'.539((1)) 2'.636((1)) 2'.610((2))
contains a conjugated-system. This is indicated by the bond N1-c6 1.368(6) 1.37(1) 1.352(7)
length situation inside the chelate rings which are given in €6-C7 1.466(6) 1.48(1) 1.452(8)
. . . . c7- 1.303(5) 1.32(2) 1.267(8)
Table 1. The steric strain of the coordination sphere is also ng—n10 1.403(5) 1.41(1)
indicated by the long ReS distance of 2.539(1) A and the  N10-C11 1.305(5) 1.33(1)
; ; ; : : C11-S13 1.776(4) 1.68(1)
fact that this bond is obviously easily F:Ieaved asis suggested'\lliR‘H\l9 72.301) 74.03) 743(2)
by the preferred mass spectrometric abstraction of sulfur N1—Re-s13/Br  101.23(9) 81.3(2) 84.9(1)
N9—Re-S13/Br  71.00(9) 85.5(2) 85.7(2)

(5) Alberto, R.; Schibli, R.; Waibel, R.; Abram, U.; Schubiger, A. P.
Coord. Chem. Re 1999 901, 190.
(6) Synthesis of HE: Ortner, K.; Hilditch, L.; Yifan Zheng, Dilworth, J.
R.; Abram, U.Inorg. Chem200Q 39, 2801. Synthesis of H. West,
D. X.; Swearingen, J. K.; Valdes-Martinez, J.; Hernandez-Ortega, S.;
El-Sawaf, A. K.; van Meurs, F.; Castineiras, A.; Garcia Santos, |.;
Bermejo, E.Polyhedron1999 18, 2919.
Synthesis of [Re(CQILY]: [NEt4][Re(CO)}Brs] (77 mg, 0.1 mmol)
and HL* (30 mg, 1.2 mmol) were dissolved in 10 mL of MeOH and
heated under reflux for 1 h. The color of the mixture changed to brown,
and an orange-brown solid precipitated upon cooling. Recrystallization
from a CHCI,/2-propanol mixture gave orange-brown crystals.
Yield: 43 mg (80%). Anal. Calcd for 3H13N4O3ReS: C, 37.8; H,
2.4; N, 10.4; S, 5.9%. Found: C, 37.8; H, 2.6; N, 10.2; S, 5.7%. IR
(v, cm™3): NH 3309, 3120, 3054; CO 2016, 1920, 1898; NHFCN
1601, 1595, 1513; CS 824. FABVS (m/z (assignment, %B)): 541
(IM + H]*, 25), 512 (IM— CQJ, 55), 508 ([M— S]*, 30), 484 (M
— 2COJ*, 15), 456 ([M— 3COJ", 5).
X-ray crystal structure calculations. [Re(GQ)Y)]: CAD4 (Enraf
Nonius), Cu Kx radiation ¢ = 1.54184 A), G/H13N4O3ReS, orange-
red plates, monoclinic, space gro@2i/c, a = 11.705(1) A,b =
13.552(1) A,c = 11.389(1) A8 = 90.31(1}, V= 1806(3) B, z =
4, Dcaica= 1.984 g/cm, 6 = 5.07-64.92, 3878 reflections collected,
3063 independent, = 14.461 mn* (absorption correction Psi Scans,
Tmin = 0.3842, Tmax = 0.6229), solved by Patterson methods, and
refined by full-matrix least-squares procedures using SHELXS and
SHELXL (G. M. Sheldrick, University of Gitingen, Germany), 287
parametersR = 0.029, wR2= 0.056. [Re(COBr(HL?)]-4DMSO:
CADA4 (Enraf Nonius), Mo Kt radiation § = 0.71073 A), GgHzaNsO7-
ReSBr, yellow needles, monoclinic, space graepy/n, a= 18.067-
g) A, b=9.479(1) A,c=20.290(2) A = 111.00(1}, V = 3243(3)

3, Z=4. Deaica= 1.757 g/cn, 6 = 3.01-26.98, 7709 reflections
collected, 7034 independent,= 5.341 mnt?! (absorption correction
DELABS, Tmin = 0.540,Tmax = 0.857), solved by Patterson methods
and refined by full-matrix least-squares procedures using SHELXS
and SHELXL (G. M. Sheldrick, University of Gbngen, Germany),
330 parameters® = 0.059, wR2= 0.115. [Re(COBr(L3)]: CAD4
(Enraf Nonius), Mo Kt radiation ¢ = 0.71073 A), GsH14N2,O3ReBr,
orange-red needles, triclinic, space grd®f a = 7.088(6) A,b =
8.088(6) A,c = 13.93652) Ao = 77575}, B = 77.81(5), y =
82.06(5%, V= 772.9(9) A, Z= 2. Daica= 2.202 g/c, 6 = 3.01—
27.0%, 4190 reflections collected, 3377 independent= 10.453
mm~1 (absorption correction Psi Scafgyin = 0.733,Tmax = 0.942),
solved by Patterson methods and refined by full-matrix least-squares
procedures using SHELXS and SHELXL (G. M. Sheldrick, University
of Gottingen, Germany), 181 parameteRs= 0.030, wR2= 0.078.

(9) Farrugia, L. JJ. Appl. Chem1997, 30, 565.

@

~
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=

which has not been observed for uranium or gold complexes
with the same type of ligand8:*

The facial coordination mode of 2-acetylpyridine thi-
osemicarbazones at a transition metal center is without
precedent and underlines the coordination capacity of the
tridentate ligand. There are spectroscopic indications that,
in coordinating solvents such as acetonitrile, THF, or DMSO,
the sulfur atom of the thiosemicarbazone is replaced by a
molecule of the solvent, but we have not yet been able to
isolate these species. All attempts to recrystallize the complex
from these solvents resulted in the isolation of [Re(§£0)
(LY

Bidentate coordination of a potentially tridentate thiosemi-
carbazone, however, is observed when [[JifRe(CO}Br]
reacts with HI2.12 2-Pyridineformamide thiosemicarbazone
does not deprotonate during this reaction and coordinates as
a neutral bidentate ligand to give [Re(GB)HL?)]. The
yellow solid which precipitates from the methanolic reaction
mixture is only sparingly soluble in most common solvents
and has been recrystallized from DMSO. The IR spectrum

(10) Abram, U.; Schulz Lang, E.; Bonfada, E.Anorg. Allg. Chem2002

628 1873.
(11) Ortner, K.; Abram, Ulnorg. Chem. Commuri998 1, 251. (b) Abram,
U.; Ortner, K.; Gust, R.; Sommer, K. Chem. Soc., Dalton Trans.
200Q 735.
Synthesis of [Re(C@Br(HL?)]: [NEt4],[Re(CO}Brs] (77 mg, 0.1
mmol) and HLE (20 mg, 0.1 mmol) were dissolved in 20 mL of MeOH
and heated under reflux for 2 h. The solvent was removed in a vacuum,
the residue was dissolved in acetone, and the volume was slowly
reduced at room temperature. A crystalline precipitate was formed
which was recrystallized from DMSO. Yield: 20 mg (23%). Anal.
Calcd for GgH33NsO7ReSBr (tetra(dimethyl sulfoxide) solvate): C,
25.2; H, 3.9; N, 8.2; S, 18.7%. Found: C, 25.4; H, 4.0; N, 8.1; S,
17.1%. IR ¢, cm™1): NH 3319, 3084; CO 2019, 1915, 1881; NHR
+ CN 1666-1485; CS 837. FAB MS (m/z (assignment, %B)): 466
(M - Br]t, 10), 438 ([M— Br — COJ*, 15), 410 ([M— Br — 2COf',
5), 382 ([M — Br — 3COJ", 5).

(12
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Figure 2. Molecular structurgof [Re(CO}Br(HL2)]. Figure 3. Molecular structurgof [Re(CO}Br(HL3)].

ligand are used to form the square-planar coordination sphere

shows the typical facial tricarbonyl pattern with intense bands around the nickel atom. In the present rhenium complex,

at 1998, 1867, and 1855 cth FAB mass spectrometry gives however, a clear preference for the pyridine donor site over

evidence for a potential molecular ion @tz - 466 Whi?h the sulfur atom of the thiosemicarbazone must be stated. This
corresponds to a tentative composition of “[Re(G(O)]". behavior seems to be typical for rhenium(l) and techne-

Main fragmentation products are due to the subsequenti,m)) tricarbonyl centers and can be applied for the design
abstraction of CO ligands. The intensities of the mass spectralys ey radiopharmaceuticals as has been demonstrated
peaks of [Re(CQBr(HL?)] are generally lower than those  rgcently with the preferred coordination of tH&TTc(COY]*

of [Re(CO}(LY)] which is most probably caused by the lower  ¢qre to the imidazole donor sites of histidine-tagged recom-
solubility of the bromo derivative in the FAB matrix pinant proteing?

nitrobenzyl alcohol. The identification of two novel coordination modes of
X-ray crystallograph§/confirms the composition of [Re-  potentially tridentate thiosemicarbazones just on rhenium
(COXBr(HL?)] as containing a nondeprotonated thiosemi- centers is remarkable in light of the fact that the first
carbazone in the very unusual N,N coordination mode structural reports on a rhenium thiosemicarbazone complex
together with a bromo ligand. Figure 2 shows the molecular dates from 20032 This underlines the versatility of this
structure of the complex, and Table 1 contains selected bondligand class. The formation of an N,N-chelate with ligands
lengths and angles. The short C1313 bond of 1.687(10)  of the type HI2 may contribute to understand the cleavage
A clearly shows the domination of the tautomeric folay of the N—N bonds in some thiosemicarbazones during
but some delocalization of electron density is indicated for reactions with rhenium complexes, which lead to the isolation
the C-N bonds inside the chelate ring. The sulfur atom is of methyl(2-pyridyl)methyleneimine and amino(2-pyridyl)-
bent away from the rhenium atom and does not contribute methyleneimine complexes of Re(lll) and Re@®4.Further
to the coordination of the metal. This results in a bonding studies on the reactivity of the new compounds and their
situation which has been found in the related Schiff base potential use in the design of new metal-based pharmaceu-
complex [Re(COBr(HL3)] which can readily be prepared ticals are in progress in our laboratories.

. : .
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All isolated complexes are stable, and no oxidation has .
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been observed at ambient conditions. The coordination of a
potentially tridentate thiosemicarbazone in [Re(gEHL2)] IC035367U
without the use of its sulfur donor site is without precedent. ) ) _

. . . (13) Kasuga, N. C.; Sekino, K.; Koumo, C.; Shimada, N.; Ishikawa, M.;
A similar coordination mode, however, has been reported Nomiya, K. J. Inorg. Biochem2001, 84, 55.
for a nickel(Il) complex with a related, potentially penta- (14) Waibel, R.; Alberto, R.; Willuda, J.; Finnern, R.; Schibli, R;
dentate diacetylpyridine bis(thisosemicarbazonato) ligand. Stichelberger, A Egli, A; Abram, U.; Mach, J.-P.;"Bkihun, A

- ] ) Schubiger, P. ANat. Biotechnol1999 17, 897.
In this case, only four of the five donor functions of the (15) Garcia, I.; Abram, U. Unpublished.
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