Inorg. Chem. 2003, 42, 6519-6527

Inorganic:Chemistry

* Article

Synthesis and Characterization of Novel Rhenium(V) Tetradentate N,O,
Schiff Base Monomer and Dimer Complexes

Paul D. Benny, Charles L. Barnes, Pamela M. Piekarski, John D. Lydon, and Silvia S. Jurisson*

The Chemistry Department, Umrsity of Missouri, Columbia, Missouri 65211

Received July 25, 2003

Several rhenium(V) oxo complexes with tetradentate N,O, Schiff base ligands were synthesized and characterized.
The general synthetic procedure involved reaction of [NBus][ReOCl,] with a tetradentate Schiff base ligand (L, =
N,N’-ethylenebis(acetylacetoneimine), (acaczen) or L, = N,N'-propylenebis(acetylacetoneimine) (acac,pn)) in ethanol
solution to generate complexes of the form trans-ReOX(L) where X = CI~, MeO~, ReQ,~, or H,0. The product
isolated from the reaction was found to be dependent on the reaction conditions, in particular the presence or
absence of water and/or base. The u-0x0-Re,Os(L), dimers were synthesized and characterized for chemical and
structural comparison to the related monomers. Conversion of the monomer to its dimer analogue was followed
qualitatively by spectrophotometry. The complexes were characterized by H and *C NMR, UV-vis, and IR
spectroscopy, elemental analysis, and single crystal X-ray diffraction. The crystallographic data reported for the
structures are as follows: trans-[ReO(OH,)(acacen)]Cl (HxC12CIN,O4Re) 1, triclinic (P1), a = 7.2888(6) A, b =
9.8299(8) A, ¢ = 10.8195(9) A, a. = 81.7670(10)°, B = 77.1510(10)°, y = 87.6200(10)°, V = 747.96(11) A3, Z
= 2; trans-[ReO(OReOs)(acac,en)] (H1sC12N207Re;) 2, monaclinic (P2./c), a = 7.5547(4) A, b = 8.7409(5) A, ¢
= 25.7794(13) A, B = 92.7780(10)°, V = 1700.34(16) A3, Z = 4; trans-[ReOCl(acac;pn)] (HaoC1sN;0sCIRe) 3,
monoclinic (P21/c), a = 8.1628(5) A, b = 13.0699(8) A, ¢ = 28.3902(17) A, g = 97.5630(10)°, V = 3002.5(3)
A3, 7 = 8; trans-[ReO(OMe)(acac,pn)] (H23C1N,O4Re) 4, monoclinic (P21/c), a = 6.7104(8) A, b = 27.844(3) A,
¢ =8.2292(9) A, B = 92.197(2)°, V = 1536.4(3) A3, Z = 4; trans-[u-0x0-Re,05(acacsen);] (HzsCasNsO7ReEy) 5,
monoclinic (P2,/n), a = 9.0064(5) A, b = 12.2612(7) A, ¢ = 12.3695(7) A, B = 90.2853(10)°, V = 1365.94(13)
A3 Z = 2; and trans-[u-0x0 Re,03(acac,pn);] (HaoCasN4O7Rez) 6, monaclinic (P2,/n), a = 9.1190(5) A, b = 12.2452-
(1) A, c = 12.8863(8) A, B = 92.0510(10)°, V = 1438.01(14) A%, Z = 2.

Introduction technetium chemistry with botiN,N'-ethylenebis(salicyl-
aldimine) (salen) and\N,N'-ethylenebis(acetylacetoneimine)
(acagen) based ligands has been studied due to the im-
portance of the isotop&™Tc to diagnostic nuclear medi-
cine, their potential utility for imaging viable myocardium,
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in commercial catalysis and in therapeutic nuclear medi-

Cine:’Ll,l'F21 [e)

Re(V) oxo Schiff base complexes were first reported by N/I::-RH...-\\\\N N/I"'Rle,!""\‘“\N
Wilkinson in 1979 for both the salicylaldehyde and acety- (of |\o) od | X
lacetone based ligandsBoth monomeric and dimeric X ©
complexes were isolated. Characterizations, however, were A B
limited to elemental analyses, IR, and Raman spectra. Tisato
reported the chemistries of Re(V) and Tc(V) oxo complexes
with propylene-bridgedN,N'-2-hydroxypropylenebis(sali- 1%
cylideneimine), sapnOH’ The structure of th@-oxo dimer (O/I':-Rlel...m\\o 0//,,,RE__“\\\\X
of the Tc analogue was reported, and a monomer of Re(V) N |\x N |\o
having the formula [ReOCI(sainOH)] was identified. The =N N/

analytical evidence supported a species with trens

O=Re—Cl arrangement.Herrmann reported the structures C D

and catalytic reactivities of several Re(V) oxo Schiff base Figure 1. Possi_ble _conformations (_)f a tetradentatg()blligand in an
complexes with the propylene bridg@dN'-2,2-dimethyl- octahedral coordination sphere relative to the rhenium oxo group.

propylenebis(3,5-diXsalicylideneimine), where=XCl, H, Tc(V) Schiff base chemistry and for potential utility in
or tert-butyl (sabpnXy), of the formcis-[ReOCl(sapnX;)].** therapeutic radiopharmaceuticak8There are four possible
The structures showed the Re to sit in a distorted octahedralegordination modes for a tetradentateCh ligand about a
environment with a phenolic oxygen from the Schiff base pexacoordinate Re(V) oxo core (Figure 1). The coordination
ligand occupying the siteansto the oxo group and with  geometry of the ligand relative to the rhenium oxo core is
the chloridecis Fo the oxo group. Reinhoudt then reported jnfluenced by the backbone (alky! or aryl), the carbon chain
Re(V) oxo Schiff base complexes of the form [ReO(OR)-  |ength between the nitrogens, and the type of oxygen donors
(ONNO)] based on propylene and butylene bridged salicyl- present in the ligand. Although the salicyladehyde analogues
aldehyde ligands In these distorted octahedral complexes, have been investigated with various backbones and deriva-
the alkoxide group occupies the site eitfuis or trans to tizations, little structural evidence (primarily elemental
the oxo depending on the particular alkoxide€learly, the  analyses and IR spectra) is reported for the coordination
literature suggests that Re(V) oxo chemistry with sal derived 1,ode of Re(V) oxo complexes with acac derived tetradentate
tetradentate Schiff base ligands is complex, and the config- schiff base ligands. We report here the syntheses and
uration of the ligand about the Re(V) center is dependent cnaracterizations of several Re(V) oxo monomer complexes
on the reaction conditions, as well as the nature of the ¢ type A, transReOX(L), where L is an acac based®
ligand?*** Abu-Omar recently reported the kinetics of ~ gchjff base ligand derived from 1,2-ethylenediamine or 1,3-
oxygen atom transfer with two Re(V) oxo complexes propylenediamine, and X is one of a number of substituents
containing two bidentate oxazoline-salicylaldimine Schiff §etermined by the reaction conditions. These monomer
base ligands, one with a chloride bouridto the oxo group complexes are compared with the correspongiuxo dimer

and one with a water coordinatédns to the oxo group. complexes, the previously reported Re(V) Schiff base
Silver triflate was used to obtain the aqua boumans complexed’-1-13and their Tc(V) analoguesThe complexes
complex?22® Bottomley reported voltammetry studies of \yere characterized by elemental analy$eisand3C NMR

monomeric and dimeric Re(V) oxo complexes with tetraden- gpactra, IR and UVvis spectra, and single crystal X-ray
tate Schiff base ligands including agew; however, only jffraction structural analyses.

elemental analysis and IR spectral characterization were
reportedt? Experimental Section

A range of Re(V). 0X0 complexe§ base@' on aeacand General Considerations.Unless noted, all common laboratory
acagpn were examined for comparison with the analogous chemicals were of reagent grade or better. Solvents were degassed
(14) Deutsch, E.; Vanderheyden, J.-L.; Gerundini, P.; Libson, K.; Hirth, With nitrogen prior to use, and all experiments were carried out

W.; Colombo, F.; Savi, A.; Fazio, B. Nucl. Med 1987, 28, 1870~ under a nitrogen atmospheréd and 13C NMR spectra were
(15) 1F2880- . G Vanoli G- P I G Kwiatkowski M.: Zito. F recorded on a Bruker 250 MHz instrument atZ5in deuterated
ossetti, C.; Vanoli, G.; Paganelli, G.; Kwiatkowski, M.; Zito, F.; . :
Colombo, F.; Bonino, C.; Carpinelli, A.; Casati, R.; Deutsch, K. chloroform (CDC{»,)_ with TMS as an internal rt_eference. Infrared
Marmion, M.; Woulfe, S. R.; Lunghi, F.; Deutsch, E.; Fazio, F. spectra were obtained as KBr pellets on a Nicolet Magna-FT-IR
Nucl. Med 1994 35, 1571-1580. ) spectrometer 550. UVvis spectra in methylene chloride (unless
(16) Crankshaw, C. L.; Marmion, M.; Luker, G. D.; Rao, V.; Dahlheimer,  4henyise noted) were recorded on a Hewlett-Packard 8452A diode
J.; Burleigh, B. D.; Webb, E.; Deutsch, K. F.; Piwnica-Worms,JD.
Nucl. Med 1998 39, 77—86. array spectrophotometer. Elemental analyses were performed by
(17) Jurisson, S.; Berning, D.; Jia, W.; Ma, Ohem. Re. 1993 93, 1137- Quantitative Technologies Inc. (QTI, Whitehouse, NJ).
a8) %/losllfért W. A Hoffman. T. JChem. Re. 1999 99, 22692292 Materials. 2,4-Pentanedione (acac), 1,2-ethylenediamine (en),
(19) Miller, K.: Baé’g’ J.: Abu-Omar, Mlm')rg. Chem 1999 38, 4510 and 1,3-propylenediamine (pn) were purchased from Aldrich.
4514.
(20) Baldwin, M.; Law, N.; Stemmler, T.; Kampf, J.; Penner-Hahn, J.; (22) Abu-Omar, M. M.; McPherson, L. D.; Arias, J.; Bereau, U.Ahgew.
Pecoraro, VInorg. Chem 1999 38, 4801-4809. Chem., Int. Ed200Q 39, 4310-4313.
(21) Stinziano-Eveland, K.; Nguyen, S.; Liable-Sands, L.; Rheingold, A. (23) Arias, J.; Newlands, C. R.; Abu-Omar, M. Nhorg. Chem 2001
Inorg. Chem 200Q 39, 2452-2455. 40, 2185-2192.
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Novel Re(V) Tetradentate pD, Complexes

Absolute ethanol, hexane, chloroform, and methylene chloride were chloroform solution of3. *H NMR 6 (ppm): 2.04-2.12 (m, 2H,
used as purchased unless otherwise noted. (hpReOC|]2*and N—CH,—CH,—CHy); 2.35, 2.38 (2 s, 12H, GH3)C—CH-—
ReOCk(PPh),%> were prepared by literature methods. The ligands, C(CH3)0); 3.84-3.95, 4.32-4.41 (m, 4H, NEH,—CH,—CHy>);
L ;= N,N'-ethylenebis(acetylacetoneimine) [Hcac)en] andL ,= 5.35 (s, 2H, (CH)C—CH—C(CH)O). 13C NMR ¢ (ppm): 24.7,
N,N'-propylenebis(acetylacetoneimine),[Bcac)pn], were prepared 26.0 (CH3)C—CH—C(CH3)0); 33.9 (N-CH,—CH>—CH,—N);
as previously reported through condensation of 2 equiv of 2,4- 62.6 (N-CH,—CH,—CH,—N); 103.9 ((CH)C—CH—-C(CH;)0);
pentanedione with 1 equiv of the respective diamine, 1,2-ethyl- 175.6 C=N); 189.8 (G=C—0O). UV—vis (1 (¢) in nm (cnT: M1)):

enediamine or 1,3-propylenediamine, in absolute eth&agands 272 (11 310), 330 (5622), 686 (131). IR {n cm™1): 951

(L, andLy) were recrystallized prior to use from either absolute (Re=0). Anal. Calcd for ReCIgN,C;3Hyo (Found): C, 32.95

ethanol or dry 2-propanol. (32.55)%; H, 4.25 (4.06)%; N, 5.91 (5.91)%.
trans-[ReO(acacen)OH;]CI, 1. (n-BwN)[ReOCl] (100 mg, trans-[ReO(acagpn)OMe]-MeOH-H,0, 4. A sample of3 (100

0.171 mmol) was added to a solution ofddagen (76.6 mg, 0.342 mg, 0.171 mmol) dissolved in a minimal volume of methylene
mmol) in 20 mL of absolute ethanol. The resultant green solution chloride was loaded onto a basic alumina column (1>crh0 cm)
was refluxed for approximatgl2 h under a nitrogen atmosphere, equilibrated with methylene chloride. A methanol/methylene chlo-
concentrated to 10 mL, and placed in a freezer overnight. A greenride (1:5) solvent mixture eluted two bands. The first dark green
product was isolated by filtration and washed with water (5 mL) band was thet-oxo dimer 6, and the second blue-green band
and then ether (& 5 mL). X-ray quality crystals of were obtained contained4. X-ray quality crystals o#f were obtained by solvent
by solvent diffusion of hexane into a chloroform solutionlofo evaporation. Yield 23% (24 mg) based on the initial amour.of
yield dark green brown crystals after several days at ambient IH NMR ¢ (ppm): 1.92-1.97 (m, 2H, N-CH,—CH,—CH,); 2.20,
temperature. Yield 4050% (~41 mg).H NMR ¢ (ppm): 2.35, 2.26 (2 s, 12H, CH3)C—CH—C(CH3)0); 3.35-3.42, 3.873.92
2.45 (2 s, 12 H,CH3)C—CH—C(CH3)0); 3.80-3.87, 4.26-4.32 (m, 4H, N-CH,—CH,—CHy); 3.40 (s, 3H, @H3); 5.06 (s, 2H,-

(2 m, 4H, N-CHy); 5.45 (s, 2H, (CHIC—CH—C(CH;)0). °C (CH3)C—CH—C(CH)0). 13C NMR 6 (ppm): 24.0, 25.3 CH3)-
NMR ¢ (ppm): 23.8, 26.2 ({H3)C—CH—C(CH3)0O); 66.6 C—CH—C(CH3)0); 33.4 (N-CH,—CH,;—CH,—N); 61.1 (NCH,—
(N—CHy); 105.8 ((CH)C—CH—C(CH;)0O); 180.6 C=N); 197.4 CH,—CH,—N); 101.9 ((CH)C—CH—C(CH;)0O); 173.5 C=N);
(C=0). UV—vis (A (¢) in nm (cnr! M~1): 284 (13 660), 354 187.5 (G=C—0). UV—vis (1 (¢) in nm (cnTt M~1)): 278 (4590),

(4760), 430 (3824), 614 (161). IR (n cm™Y): 981 (Re=0). Anal. 292 (4520), 368 (1470). IR/(in cm™%): 945 (Re=0). Anal. Calcd
Calcd for ReCIGH20N,0,4 (Found): C, 30.1 (30.23)%; H, 3.76  for ReQN,Ci14H,3CH3;OH (Found): C, 35.92 (41.22)%; H, 5.43
(3.85)%; N, 5.86 (5.96)%. (6.63)%; N, 5.58 (6.16)%.

trans-[ReO(acacen)OReQy], 2. (n-BwN)[ReOCl] (100 mg, trans-[u-oxo-ReOs(acacen),), 5. The procedure for the prepa-
0.171 mmol) was added to a solution of 2 equiv gatheen (76.6 ration of 5 was modified from that previously reportédlo a

mg, 0.342 mmol) in 20 mL of absolute ethanol. Great care was solution of ReOGI(PPh), (1 g, 1.20 mmol) in 100 mL of toluene
taken to exclude water from the reaction by using dry glovebox were simultaneously added solig; (0.201 g, 1.32 mmol) and
conditions and thoroughly drying the ethanol. The solution was triethylamine (1 mL). The solution was refluxed for approximately
refluxed for approximatgl 2 h under N, then concentrated to 2 h and then cooled to room temperature. A dark green solid was
approximately 2 mL, and placed in a freezer. Dark green-brown collected by filtration, washed with toluene ¢85 mL) followed
crystals formed after several days. Yield 85% (97.9 mg) based onby ethyl ether (3x 5 mL), and dried under vacuum. Further

the rhenium starting material. X-ray quality crystals Dfwere purification of the dark green product was accomplished using a
obtained by slow hexane diffusion into a solution of the green- basic alumina column. The solid was dissolved in a minimal volume
brown solid in a minimum volume of chloroformiH NMR 6 of methylene chloride and loaded onto an alumina column pre-
(ppm): 2.35, 2.46 (2 s, 12 HCH3)C—CH—C(CH3)0O); 3.7+ equilibrated in methylene chloride. The column was washed with
3.917, 4.19-4.34 (2 m, 4H, N-CHy); 5.265 (s, 2H, (CH)C-CH- methylene chloride to elute a yellow band (triphenylphosphine).
C(CH)0). 1C NMR 6 (ppm): 23.9, 26.3 (CH3)C—CH— When no additional bands eluted, the mobile phase was changed

C(CH3)0); 66.7 (N-CH>); 105.9 ((CH)C—CH—C(CH;)0O); 180.7 to a 1:10 methanol/methylene chloride solution to elute pro8uct
(C=N), 197.5 C=0). UV—vis (4 (¢) in nm (cnrt M~Y): 242 as a dark green band. This green band was collected and dried under
(14 840), 292 (10 660), 354 (5746), 432 (5417), 606 (211).4R ( vacuum to yield a green oil. X-ray quality crystals 6fwere
in cm™1): 908 (Re=0), 694 (Re-O—Re). obtained by slow evaporation from GEl /toluene (1:1) after
trans[ReO(acagpn)Cl], 3. L, (40 mg, 0.171 mmol) was dissolving the green oil in the minimum volume of methylene
dissolved in 25 mL of anhydrous ethanol and dried over 4 A chloride. Yield 41% {420 mg)."H NMR ¢ (ppm): 2.17,2.21 (2
molecular sieves. (n-BN)[ReOC}] (50 mg, 0.085 mmol) was then S, 12H, CH3)C—CH—-C(CH3)0); 3.62-3.67, 3.82-3.87 (2 m, 4H,
added, and the resultant solution was refluxed for &Bduunder N—CH,); 4.94 (s, 2H, (CHC—CH—C(CHs)0). **C NMR ¢
nitrogen. The reaction mixture was concentrated® mL and (ppm): 22.6, 27.0 {H3)C—CH—C(CH3)0); 64.5 (N-CHp); 102.5
filtered to remove solid particulates of decomposed ligand. The ((CH3)C—CH—-C(CH:)O); 175.8 C=N); 191.0 (G=C—O0).
solution was placed in a freezer overnight to yield a dark green UV—Vvis (A (€) in nm (cnm* M~1)): 299 (7575), 396 (1893). IR/(
solid, 3. The product was washed with absolute ethanok(® in cm™): 975 (Re=0), 720 (Re-O—Re). Anal. Calcd for
mL) followed by ether (3x 5 mL). The solid was dried in vacuo ~ R&07N4Cz4Hse (Found): C, 33.33 (33.18)%; H, 4.19 (4.16)%; N,
overnight. Yield 50% (24 mg). X-ray quality crystals 8fwere 6.48 (6.21)%.
obtained by solvent diffusion of hexane into a concentrated trans[u-oxo ReOs(acagpn),], 6. The preparation and the
purification of 6 is analogous to the method described Sowith
(24) Alberto, R.; Schibli, R.; Egli, A.; Schubiger, A.; Herrmann, W.; Artus,  the substitution ok ; (acagpn) forL ; (acagen). Dark green crystals
252.;4Abram, W.; Kaden, TJ. Organomet. Chenl995 492, 217— were obtained. Yield 4650%.'H NMR 6 (ppm): 1.84-2.05 (m,
- 2H, N—CH,—CH,—CHy); 2.12, 2.13 (2 s, 12H,qH3)C—CH—
) i e B o SR Ml A EAm. Chom.  C(CHA)O); 3.66-3.76, 4.16-4.20 (m, 4H, N-CHz~CHy—~CH);
Soc.1955 77, 5820-5824. 4.90 (s, 2H, (CHC—CH—C(CHs)O). 13C NMR 6 (ppm): 24.19,
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Table 1. X-ray Crystal Data, Data Collection Parameters, and Refinement Parameter$ of

Benny et al.

1 2 3 4 5 6
formula GioH20CIN2OsRe Gi2H1gN2OsRe"ReQy™ C13H20CIN2OsRe GiaH23N204Re GaHze NsO/Re CoeHaoN4O7Re
fw 477.95 674.69 473.96 469.54 864.98 893.02
cryst syst triclinic monoclinic monoclinic monoclinic monoclinic monoclinic
space group P1 P2:/c P2i/c P2i/c P2i/n P2i/n
a(h) 7.2888(6) 7.5547(4) 8.1628(5) 6.7104(8) 9.0064(5) 9.1190(5)

b (A) 9.8299(8) 8.7409(5) 13.0699(8) 27.844(3) 12.2612(7) 12.2452(7)
c(A) 10.8195(9) 25.7794(13) 28.3902(17) 8.2292(9) 12.3695(7) 12.8863(8)
o (deg) 81.7670(10)

p (deg) 77.1510(10) 92.7780(10) 97.5630(10) 92.197(2) 90.2853(10) 92.0510(10)
y (deg) 87.6200(10)

V (A3) 747.96(11) 1700.34(16) 3002.5(3) 1536.4(3) 1365.94(13) 1438.01(14)
z 2 4 8 2 2

pealcd (g/CnP) 2.122 2.636 2.097 2.030 2.103 2.062

T,K 173(2) 173 173(2) 173(2) 173 173(2)

w, mnrt 8.315 14.46 8.280 7.926 9.02 8.460

A source (A) 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
R(F)?2 0.0381 0.039 0.0432 0.0338 0.022 0.0349

Rw(F)2 0.1075 0.058 0.0858 0.1108 0.030 0.0879

GOF 1.079 1.03 1.056 0.964 0.96 1.036

AR = (ZIIFel = IFcll/XIFoll). R = [IW(IFo? — IFZ)Tw(|Fo??M2

25.66 (CH3)C—CH—C(CH3)0); 32.56 (N-CH,—CH,—CH,—N);
60.88 (N-CH,—CH,—CH,—N); 101.53 ((CH)C—CH—C(CH,)O);
171.46 C=N); 185.77 (G=C—0). UV—vis (A (¢) in nm (cnm?!
M—1): 291 (22 400), 362 (7110), 642 (426). IRiA cm™L): 950
(Re=0, w), 713.0 (Re-O—Re). Anal. Calcd for Rg;N4CoeHao
(Found): C, 34.70 (34.81)%; H, 4.51 (4.51)%; N, 6.27 (6.16)%.
Monomer to u-oxo Dimer Conversion. A stock solution of
trans[ReOCl(acagpn)], 3 (7.1 mg, 0.0150 mmol), in 100 mL of

Results and Discussion

Several monomeric complexes of the formula [ReOX(L)]
have been synthesized by reacting 1 equiv of tetrabutyl-
ammonium tetrachlorooxorhenate(V) (n-8u[ReOCL])
with 2 equiv of the Schiff base ligand; (acagen) orL,
(acaepn), with the second equivalent of ligand acting as a
proton scavenger. The tetradentate ligands coordinate in the

absolute (dry) ethanol dried over molecular sieves was used in theseduatorial planeis to the rhenium oxo group. A variety of

experiments. At this concentration, the absorbance of the major
charge transfer bands 8f(278 and 352 nm) an€l (291 and 362

nm) were observed between 0.5 and 1.2 absorbance units. Studie
were conducted at 10 and 26, and scans were taken every second
for 30 s (unless otherwise indicated). A typical study followed the
general procedure described in the following paragraph.

Thetrans[ReOCl(acagpn)] stock solution (3.0 mL) was trans-
ferred into a quartz UV cell and stirred, and 1060 of aqueous
solutions of NaOH (0.045 M), HCI (0.045 M), or water/ethanol
(1:1) was then added and the reaction allowed to proceed. The
studies were repeated several times. The reaction tintean§
[ReOCl(acagpn)] with water at room temperature (2&) was
extended to two weeks, scanning the sample once a day.

X-ray Structure Determinations and Refinements for 1-6.
Intensity data were obtained-atL00°C on a Bruker SMART CCD
area detector system using the scan technique with Mo &«
radiation from a graphite monochromator. Intensities were corrected
for Lorentz and polarization effects. Equivalent reflections were

merged, and absorption corrections were made using the multiscan

method. Space group, lattice parameters, and other relevant
information are given in Table 1. Structures were solved by direct
methods with full-matrix least-squares refinement, using the SHELX
package”28 All non-hydrogen atoms were refined with anisotropic

substituents were found to occupy the positiansto the

oxo group, the identity of which was dependent on the reac-
gion conditions. The presence of trace amounts of water in
the reaction yielded thieansaquo specie$ with L, ((acac)-

en). However, when the reaction was scrupulously dried to
remove all water, the product with a perrhenate anion
coordinatedransto the oxo group2, was obtained in high
yield (85% based on Re). A search of the literature indicates
that perrhenate coordination to rhenium is fairly comrfoft.

In fact, ReQ~ coordination to Re has been observed for a

(29) Abram, U.; Voigt, A.; Kirmse, R.; Ortner, K.; Hubener, R.; Carballo,
R.; Vazquez-Lopez, EZ. Anorg. Allg. Chem1998 624, 1662-1668.

(30) Goldner, M.; Galich, L.; Cornelissen, U.; Homborg,Z Anorg. Allg.
Chem 200Q 626, 985-995.

(31) Perez-Lourido, P.; Romero, J.; Garcia-Vazquez, J.; Sousa, A.; Maresca,
K. P.; Rose, D. J.; Zubieta, Inorg. Chem 1998 37, 3331-3336.

(32) D'Alfonso, G.; Roberto, D.; Ugo, R.; Bianchi, C. L.; Sironi, A.
Organometallic200Q 19, 2564-2572.

(33) Hao, L.; Vittal, J. J.; Xiao, J.; Puddephatt, RJJAm. Chem. Soc

1995 117, 8035-8036.

(34) Calvo, C.; Jayadevan, N. C.; Lock, C. J. L.; RestivoCRn. J. Chem
197Q 48, 219-224.

(35) Roesky, H. W.; Hesse, D.; Noltemeyer, Eur. J. Solid State Inorg.
Chem 1991, 28, 809-814.

(36) Herrmann, W. A.; Correia, J. D. G.; Kuhn, F. E.; Artus, G. R. J,;
Romao, C. CChem. Eur. J1996 2, 168-173.

thermal parameters. The hydrogen atoms, except those of the water@7) Abram, U.; Voigt, A.; Kirmse, RPolyhedron200Q 19, 1741-1748.
of crystallization, were placed at calculated positions and included (38) Herrmann, W. A;; Thiel, W. R.; Kuhn, F. E.; Fischer, R. W.; Kleine,

in the refinements using a riding model, with fixed isotrojlc

M.; Herdtweck, E.; Scherer, W.; Mink, Jnorg. Chem 1993 32,
5188-5194.

Final difference maps contained no features of chemical Slgnlfl- (39) Herrmann, W. A.; Serrano, R.; Kusthardt, U.; Zieg|er’ M. L.; Guggo|z’

cance.

E.; Zahn, T.Angew. Chem., Int. Ed. Endl984 23, 515-517.

(40) Herrmann, W. A.; Serrano, R.; Kusthardt, U.; Guggolz, E.; Nuber,

(27) Sheldrick, G. MSHELXS97. Program for structure solution solution
University of Gottingen: Gottingen, Germany, 1997.

(28) Sheldrick, G. MSHELXS97. Program for structure solution refine-
ment University of Gottingen: Gottingen, Germany, 1997.
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B.; Ziegler, M. L.J. Organomet. Chen1985 287, 329-344.

(41) Herrmann, W. A.; Marz, D.; Herdtweck, E.; Schafer, A.; Wagner,

W.; Kneuper, H.-JAngew. Chem., Int. Ed. Endl987, 26, 462-464.

(42) Nugent, W. A.; Harlow, R. LJ. Chem. Soc., Chem. Comma@79
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Table 2. Selected Bond Distances (A) and Bond Angles (deg)-66

1 2 3a 3b 4 5 6
Re1-0O1 2.027(5) 2.036(6) 2.015(5) 2.000(5) 2.029(4) 2.087(3) 2.045(4)
Re1-02 2.022(5) 2.019(6) 1.991(5) 2.016(5) 2.042(5) 2.090(3) 2.038(4)
Re1-03 1.682(5) 1.682(7) 1.681(5) 1.696(5) 1.705(5) 1.711(3) 1.703(5)
Rel-04 2.247(5) 2.271(7) 1.911(5) 1.9102(2) 1.9143(2)
Re1-N1 2.009(6) 1.996(7) 2.114(6) 2.099(6) 2.122(5) 2.031(4) 2.113(6)
Rel-N2 2.005(5) 2.018(7) 2.098(6) 2.121(6) 2.131(5) 2.036(4) 2.122(6)
Rel-Cl1 2.468(2) 2.464(2)
Re2-04 1.747(6) 1.9102(2) 1.9143(2)
Re2-05 1.700(8)
Re2-06 1.687(9)
Re2-07 1.715(9)
N1-Rel-N2 82.2(2) 83.0(3) 96.4(2) 96.2(2) 94.8(2) 83.07(14) 96.1(2)
N1-Rel-01 92.6(2) 91.0(3) 90.8(2) 90.3(2) 90.65(19) 93.39(13) 91.2(2)
N1-Rel-02 159.2(2) 158.0(3) 163.8(2) 162.0(2) 168.43(19) 172.63(13) 170.1(2)
N1-Rel-03 102.0(2) 103.2(3) 91.5(2) 94.7(2) 84.15(19) 94.7(2) 91.7(3)
N1-Rel-04(Cl) 80.2(2) 80.9(3) 80.6(2) 80.45(18) 90.7(2) 87.17(10) 85.20(15)
N2—-Rel-01 158.9(2) 158.4(3) 161.7(2) 164.3(2) 168.92(19) 172.51(14) 171.0(2)
N2—Rel-02 93.4(2) 92.5(3) 90.7(2) 90.8(2) 91.57(19) 92.14(13) 91.3(2)
N2—Rel-03 101.3(2) 101.7(3) 94.8(2) 91.5(2) 83.7(2) 96.9(2) 90.0(3)
N2—Rel-04(Cl) 80.9(2) 80.0(3) 80.0(2) 80.9(2) 90.7(2) 89.11(12) 85.0(2)
01-Re1-02 84.19(19) 85.4(3) 78.4(2) 79.1(2) 81.52(17) 90.70(12) 80.88(16)
01-Re1-03 99.7(2) 99.8(3) 101.8(2) 102.2(2) 87.31(18) 89.92(14) 95.1(2)
01-Re1-04(Cl) 78.09(19) 78.6(3) 84.65(18) 86.1(2) 98.9(2) 84.11(9) 90.36(12)
02—-Re1-03 98.8(2) 98.8(3) 102.4(2) 101.7(2) 86.97(19) 91.5(2) 94.8(2)
02—Re1-04(Cl) 78.99(19) 77.1(3) 86.4(2) 84.35(17) 98.9(2) 87.15(9) 88.91(14)
03-Re1-04(Cl) 177.0(2) 175.7(3) 169.9(2) 170.4(2) 172.0(2) 173.85(10) 173.82(18)
Rel-04—Re2 146.5(4) 80.0 180.0

variety of Re oxidation states, the most common being for
Re(VIl) in solvates of the classic R&; motif where a
tetrahedral Re is linked to an octahedral Re center. This
differs from the Tc analogue where J3; is formed from

two end-onu-oxo bridged tetrahedr&.The literature shows

perrhenates bound, predominantly as monodentate ligands,

to Re(l)?2'44'47Re(II),29 Re(lll),34 Re(v)’30,3l,3941,43 Re(VI),37
and Re(VI11)35:36:3842454n nteresting tendency, which may
be salient to the formation & is the spontaneous generation
of perrhenate (in the presence of &d HO) from systems
involving lower oxidation state Re precursé?g*37434The
spectroscopic analyses of compouindrans[ReO(OReQ)-
(acagen)]), and especially its single crystal X-ray diffraction
analysis, allowed us to identify/confirm its structure. The
IH NMR spectrum of this complex shows the vinylic proton
chemical shift at 5.26 ppm, which distinguishes it from the
other reported complexes (Table 3). The=R stretch in
the FT-IR spectrum of compoun2 was observed at 908
cm™1, at significantly lower energy than those of the other
monomer or dimer complexes (94981 cm'). A band
assigned as thg-oxo Re-O—Re stretch was observed at
694 cnr?, similar to theu-oxo Re-O—Re stretches observed
for 5and6 at 720 and 713 cmt, respectively. The UVvis
spectrum of compoun@ was similar to that observed for
the other monomer complexes; however, an additional higher

(43) Schmid, S.; Strahle, 4. Naturforsch., B: Chem. Sd991, 46, 235—
244,

(44) Manojlovic-Muir, L.; Muir, K. W.; Rennie, M.-A.; Xiao, J.; Pud-
dephatt, R. JJ. Organomet. Chen1993 462, 235-241.

(45) Krebs, B.; Fischer, D.; Paul, &. Anorg. Allg. Chem1996 622
448454,

(46) Herrmann, W. A.; Roesky, P. W.; Kuhn, F. E.; Elison, M.; Artus, G.;
Scherer, W.; Romao, C. C.; Lopes, A.; Basset, J.hMbrg. Chem
1995 34, 4701-4707.

(47) Ardizzoia, G. A.; Cenini, S.; D’'Alfonso, G.; La Monica, G.; Mascio-
cchi, N.; Moret, M.Gazz. Chim. 1tal1992 122, 515-520.

(48) Krebs, B.Z. Anorg. Allg. Chem1971, 380, 146—-159.

Table 3. Comparisons ofH NMR Chemical Shifts for Compounds
1-6, L1, andL,, Where the Type ofrans Donor Directly Affects the
Shielding of All Parts of the Ligand

|
[CHy],,
Lo ™
C—> N O/Rl'e\ Y A
X </
A B c
1 2.35,2.45 3.863.87, 4.26-4.32 5.45
2 2.35, 2.46 3.7%3.91,4.19-4.34 5.265
5 2.17,2.21 3.623.67, 3.82-3.87 4.94
Ly 1.90, 2.00 3.433.43 4.99
3 2.35, 2.38 2.042.12, 3.84-3.95, 5.35
4.32-4.41
4 2.20, 2.26 1.921.97, 3.35-3.42, 5.06
3.87-3.92
6 2.12,2.13 1.842.05, 3.66-3.76, 4.90
4.10-4.20
L, 1.92,1.99 1.841.89, 3.3+3.38, 4.98

energy band was observed at 242 nm that was not observed
for the other monomer complexes. Despite the preponderance
of this evidence,2 did not yield an accurate elemental
analysis.

The carbon backbone length between the imine nitrogens
of L, andL (en vs pn) also affects the identity of the ligand
occupying the coordination sitigans to the rhenium oxo
group. Reaction conditions identical to those for the synthesis
of 1 yielded, withL ,, thetranschloride specie8, [ReOCI-
(acagpn)], as the only product rather than ttrans aquo
species. Attempts to synthesize and isolatetthas aquo
speciestrans[ReO(OH)(acagpn)]Cl, were unsuccessful.
However, this does not preclude its existence since the site
trans to the Re oxo group is relatively labile. Attempts to
prepare the pn analogue ®fwith a perrhenate anion in the
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Table 4. UV—Vis Absorption Bands for Compounds-6 (4, nm, ,
M~1cm1))

284 (13 660) 354 (4760) 430 (3824) 614 (161)
242 (14840) 292 (10660) 354 (5746) 432 (5417) 606 (211)
272 (11 310) 330 (5622) 686 (131)
278 (4590) 292 (4520) 368 (1470)

299 (7575) 396 (1893)

291 (22 400) 362 (7110) 642 (426)

OO WNE

transposition by carefully excluding water from the reaction
were unsuccessful and produced only thens chloride
complex 3. The trans methoxide complex, trans[ReO-
(OMe)(acagpn)], resulted from solvolysis d8 on a basic
alumina column eluted with methanol. A byproduct of this
reaction, theu-oxo dimer 6, separated from therans
methoxide during elution. The-oxo dimerization reaction
(monomer to .dlmer) on activated basic alumina has been Figure 2. ORTEP representation afans[ReO(acagen)OH]CI, 1, with
reported previously fotrans[ReOCI(sajen)] and trans 30% thermal ellipsoids.
[ReOCI(sadphen)] to their respective dimet&This synthesis
of the trans[ReO(OMe)(acapn)] complex was expanded in the alkyl backbone region. THEC NMR spectra of the
to include othetransalkoxides, which were only identified  Re complexes are consistent with the presence of the coordi-
by their NMR spectra. It should be noted that tinans nated tetradentate Schiff base ligands, being qualitatively
alkoxide forms by solvolysis of the chloride in the presence similar to the free ligands but with downfield chemical shifts.
of basic alumina, not from carrying out the synthesis in the  The UV—vis spectra of complexek—6 exhibited similar
particular alcohol. This complex (theansmethoxide) is not  charge transfer bands (Table 4), showing intense absorbance
particularly stable in solution over time, especially when between 270 and 430 nra 6000-10 000 cnt!* M~1) and
exposed to a humid environment, although it can be isolatedweak maxima at 606700 nm ¢ < 500 cnT* M~1). Differ-
in solid form from an alumina column separation. The ences were observed in the absorbance spectra of the
resolution from the dimer, which elutes before the methoxide monomer and dimer compounds, allowing monitoring of the
monomer, is very difficult (i.e., some tailing of the dimer conversion of monomer to dimer spectrophotometrically
into the methoxide monomer species on elution). Thus, (vide infra). The IR spectra of compounds-6 exhibited
isolation of pure complex is very difficult as evidenced by the characteristic rhenium oxo (R®) stretches at between
the deviation of the elemental analysis reported for this 900 and 1000 cmt, while 2, 5, and 6 also showed a
compound. Re—0O—Re stretch at about 700 ¢y consistent with results
When both water (even in trace amounts) and base (suchreported for other Re(V) oxo monomer and dimer com-
as triethylamine) are present, theoxo dimer complex is  plexes?37:9-1249,50
isolated from the reaction mixture as reported by Wilkindon,  X-ray Structure Analyses. The X-ray structures of—6

regardless of starting compound (Re&Ph), or ReOCJ). are similar in nature, as expected with tetradentate Schiff
The synthesis of the-oxo dimers,5 and6, from ReOC4- base ligands occupying the equatorial plane of the distorted
(PPhy), followed the procedure reportéddowever, purifica-  octahedral complexes. In compouridss, the rhenium lies

tion was improved by separation using alumina column 0.0806-0.380 A (based on the least squares planes) above
chromatography, which allowed the facile removal of the the equatorial plane of the Schiff base ligand toward the oxo
triphenylphosphine and other impurities. The syntheses andgroup, forming distorted octahedra typical for Tc(V) and
characterization 06 and 6 confirm the chemical evidence Re(V) mono-oxo complexes34® The Re atom is further
presented previously and allow direct structural comparison above the plane of the ligand in the agat monomer ana-
with the related monomeric compounds. logues ( and2) than in the acgpn monomer analogues (
The particular group (i.e., C] H,O, ReQ~ or "OMe) and4), with the Re being closest to the ligand plane in the
trans to the rhenium oxo group influences the physical two dimers 6 and6).
properties of these complexes. NMR proved a useful tool in  The ORTEP representations of compoufhés$ are shown
the identification and characterization of complexXes6. in Figures 2-7, respectively. The ReO bond distances in
Distinctive patterns in proton chemical shifts, consistent with these complexes range from 1.68 to 1.711 A (Table 2),
symmetrical coordination of the tetradentate ligand in the typical for mono-oxo Re(V) complexég:21113The Re=O
equatorial plane, were observed for these complexes (Tablenond distances observed for the complexes with a methoxide
3). Three distinct sets 6H signals (the alkyl backbone be-  (4) or u-oxo speciess, 6) coordinatedransto the oxo group
tween the imine nitrogens, the methyl groups, and the vinylic (Table 2) are slightly longer, but still within the range typical
proton) were used to identify the complexes. The chemical for these types of complexé8.1°13The typical bond length
shifts of L; and L, were generally observed downfield in

the complexes relative to the free ligand. TheNMR spec- (49) 5;?;52 8Lliu, S.; Rettig, S. J.; Orvig, GCan. J. Chem1995 73,
tra of the Re complexes appear qualitatively similar to those (50) Bolzati, C.: Tisato, F.: Refosco, F.; Bandoli, G.; Donmellajarg.

of the free ligand, but with more complex splitting patterns Chem.1996 35, 6221-6229.
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Figure 3. ORTEP representation #fansu-oxo-[ReO(acagn)OReq)],
2, with 30% thermal ellipsoids.

Figure 4. ORTEP representation afans[ReO(acagpn)Cl], 3, with 30%
thermal ellipsoids.

Figure 5. ORTEP representation afans[ReO(acagpn)OMe], 4, with
30% thermal ellipsoids.

for a Re(V) oxo doublef/triple bond is approximately 1-68
1.70 A, whereas theansrhenium dioxo bond lengths aver-
age 1.75 A°51The Re-N and Re-O bond distances in the
equatorial positions of the complexes are as expectee-(1.9
2.1 A)139-111351The grouptransto the Re=O bond is long

Figure 6. ORTEP representation tfains[u-oxo-ReOs(acagen)], 5, with
40% probability thermal ellipsoids.

Figure 7. ORTEP representation tins[u-ox0-ReOs(acaepn))], 6, with
40% probability thermal ellipsoids.

for compoundd, 2, and3, as expected frortranslabilization
of this position and consistent with other octahedral mono-
oxo Re(V) reported structurés.In general, thetrans
influence of the oxo group results in R& bond distances
longer than a similar species in an equatorial positida*®
trans-[ReO(OHy)(acagen)], 1. The structure ofl is
crystallographically analogous to the Tc(V) analogue, with
virtually identical bond angles and distances reported in the
X-ray structures.A water coordinatedransto the rhenium
oxo was previously thought not to exist for the tetradentate
Schiff base complexes, althoughans aquo Re(V) oxo
complexes with other equatorial ligands are kng##f#:53
trans-[ReO(OReGs)(acacen)], 2. The structure of2
shows a perrhenate anion coordinataaisto the oxo group.

(51) Cotton, F. A.; Wilkinson, G.; Murillo, C.; Bochmann, Mdvanced
Inorganic Chemistry6th ed.; John Wiley & Sons: New York, 1999;
Chapter 18.

(52) Hansen, L.; Lampeka, Y.; Gavrish, S.; Xu, X.; Taylor, A.; Marzilli,
L. Inorg. Chem 200Q 39, 5859-5866.

(53) Santimaria, M.; Mazzi, U.; Gatto, S.; Dolmella, A.; Bandoli, G.;
Nicolini, M. J. Chem. Soc., Dalton Tran%997, 1765-1771.
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Perrhenate is not typically considered as a coordinating ligand1.9—-2.1 A) and is similar to those reported by Reinhoudt
for transition metals, although this appears to occur for Re for the transReO(alkoxide)(sapn/bn) complexe$?
complexes more frequently than one would expect with  trans[u-oxo-ReOz(acagen)], 5, and trans-[u-oxo-
several structures containing the -Re—Re(Q; moiety Re0z(acagpn)z], 6. The Re-u-oxo bond distances iand
reportecf® 475455 The u-oxo bond (Re-O—ReQ) is bent 6 are typical foru-oxo dimers®®13 The two Schiff base
(146.5), and the bridging oxygen is not equidistant between ligands in5 and6 are parallel to each other, normal to the
the two rhenium atoms (Re(V) 2.27 A, Re(VIl) 1.75 A). The O=Re—0O—Re=0 axis and transposed 186 each other
angles and distances reported here are similar to those okuch that the N atoms of one Schiff base ligand are above
the two Re(V)-oxo, u-oxo perrhenate structures reported the O atoms of the other. This arrangement is typical of
in the literature, one with a porphyrin macrocycle occupying Re(V) and Tc(V) Schiff base dimer compourfd<13

the equatorial sité8 and the second with two bidentate Conversion of the Monomer to the Dimer Analogue.
phosphinothiols in the equatorial positioisThe structure The reaction conditions determine whether the monomer or
of this mixed octahedral and tetrahedgafoxo rhenium dimer complexes are formed with the tetradentate Schiff base
complex is also similar about the R©®—Re bonds to the  ligands. Our interest in maximizing monomer formation led
+7 oxidation state R€; complex34856The RgO; structure us to investigate the conditions that result in formation of
is a composite of a regular Re@trahedron and a strongly  the dimer from a qualitative standpoint. The reactivity of
distorted Re® octahedron linked through @oxo bridge. the position trans to the oxo group of the monomer
The bond angle between the two rhenium atoms through thecomplexes is significantly greater than that of fla®xo
bridging oxygen ranges from 12&o 152 for Re,O; (and group in the dimer complexes. In fact, the dimer complexes
its solvates), with inequivalent bond distances between thewere impossible, in our hands, to split into their monomers
octahedral rhenium and the bridging oxygen (2-@510 A) without decomposition. The UVvis spectra for the mono-
and the tetrahedral rhenium bridging oxygen (130 mers were sufficiently different from those of the dimers
A).3536.38.45.4648.56 57A|though this type ofu-oxo bridged allowing spectrophotometric monitoring of the conversion
species found ir2 is similar to that observed in the K&, (Table 4). Thetrans chloride monomer comple8 was
structure, it is not analogous to the technetium analogue selected to study the formation of the dinGemlthough the
Tc,O7, in which a complex containing two equivalent other monomer complexes exhibited similar behavior. A

tetrahedra bridged by a linearoxo bond is observett. series of experiments were carried out to determine the effect-
trans-[ReOCl(acacgpn)], 3. Two distinct crystallographic ~ (s) of acid, water, and/or base on an ethanol solutio8. of
complexes (A and B) o8 were found within the unit cell. ~ The addition of 5 equiv of hydrochloric acid to a solution

Although molecules A and B have different orientations in of 3 resulted in no spectral change. The addition of a small
the lattice, the bond angles and distances for both moleculesamount of water to an ethanol solution &fresulted in a
are comparable. The linear€Re—Cl axis of3 shows some  spectral change consistent with the development offrtires
disorder that arises from the partial occupancy of these atomsaquo species. In the presence of excess watery o

in two orientations relative to the refined equatorial ligand. dimer formed slowly over several days. Upon concentration
The predominant species for both A and B has the rhenium of this solution, only the dimer6] was isolated’H NMR).

oxo group above the plane of the ligand, with the acac The addition of 5 equiv of base (NaOH) to an ethanol
segments of the ligand oriented toward the chloride. This solution of3 resulted in an instantaneous conversion to the
orientation was observed with 92% occupancy for A and dimer 6 as determined spectrophotometrically and bl
94% occupancy for B. The less favored orientation (8% and NMR of the concentrated solution from this reaction.

6%) had the inverted arrangement with the oxo and the On the basis of these reactivity observations, it is suggested
chloride groups transposed, along with a corresponding shiftthat the first step in the conversion of the monomer to the
of the rhenium atom below the plane of the ligand and with dimer is coordination of either a water molecule or a
the acac segments oriented toward the oxo group. Compoundydroxide iontransto the oxo group. Th&ansaquo species

3 is similar to the structure of th&ans[TcOCI(sabpn)] appears to be stable until additional water molecules act as
reported by Bandofi,but it differs from the sapn Re(V) proton acceptors to generate tremshydroxo species, which
oxo complexes that exhibit thes configuration?*1-13Unlike then reacts with another monomer to generate (thexo

the sal derived Schiff base complexes of Ret¥ no dimer. This pathway appears to be quite slow and dependent
evidence of thecis isomers was observed, even with on the water concentration. Tlranshydroxo species rapidly
prolonged heating. reacts to form theu-oxo dimer, which is very stable to

trans-[ReO(OMe)(acagpn)], 4. Although isolated in an  additional base (i.e., no decomposition was noted by NMR
unexpected fashiod, is analogous to the sal analogues with or UV—vis spectroscopy). Attempts to regenerate the mono-
atransalkoxide ligand (3=Re—OR) 12 The Re-0O distance mer from the u-oxo dimer through protonation of the
for the methoxide speciggansto the oxo in4 is typical of bridging oxo by treatment with acid (HCI(g) or HCl(aq)) in
an equatorial ReO single bond distance (1.911(5) versus ethanol were unsuccessful.
Re(V) Oxo Schiff Base ComplexesComplexesl—4

(54) Lenz, E.; Murmann, R. Kinorg. Cher:]n 1968 7, 1880. showed equatorial coordination bf andL, with a mono-
gggg wenz: Eé.mlgemw"’f”ghEmg‘g%r%lsggg 1970 12, 214-218. dentate ligand occupying the posititrans to the rhenium
(57) Krebs, B.; Muller, A.; Beyer, Hinorg. Chem 1969 8, 436-443. 0X0 group, as previously predicted by Wilkinson and
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analogous to the Tc(V) complexé$The Tc(V) and Re(V) to the oxo group. The reaction conditions and the backbone
oxo compounds both exhibit distorted octahedral coordination length of the ligand (en vs pn) determined which species
geometry with the metal sitting above the equatorial plane coordinated in théransposition. The presence of water (even
of the Schiff base ligand. The acac complexes seem to favorin trace amounts) influenced the product isolated, with the
a hard monodentate donor group (i.e.; CIOR, OH) trans presence of base rapidly generatingthexo dimer species.
to the oxo group rather than a rearrangement of the Schiff The acac derived Schiff base ligands coordinate in the
base ligand to yield thesis configuration with atrans  equatorial plane of Re(V) oxo complexes with an ancillary
coordinated Schiff base oxygen, as has been reported folligand occupying the sitérans to the oxo group. This
many of the sal analogués. chemistry is different from that reported for the Re(V) oxo
Compoundsl—6 represent several novel rhenium com- complexes with sal based Schiff base ligands, where an
plexes. The syntheses of several similar Re(V) oXON  asymmetric rearrangement of the,®y Schiff base is
Schiff base monomer complexes with sal and acac basedypserved such that the ancillary ligand occupies thecgite
ligands of the typarans[ReO(ligand)CI] (ligand= saken,  {o the oxo group. The chemistry of the Re(V) oxo monomer
acagen, salpn, or salphen) were originally reported by  complexes is relevant for extension to the radiotracer level.

Wilkinson? These complexes were prepared from 1 equiv. at the nanomolar Re-188 radiotracer level, dimer formation
of ReOCH(PPhy)., 1 equiv of the ligand, and 2 equiv of tri- il hot be an issue.

ethylamine in either toluene or acetonitrile under stringently

dry conditions. The correspondingoxo dimer complexes Acknowledgment. The authors gratefully acknowledge
were also reported, with the main synthetic product depend- financial support from the Radiochemistry Education Award
ent on the degree of dryness. Wilkinson suggested theprogram administered by the South Carolina Universities
monomer compounds wergans[ReOCl(ligand)] com-  Research and Education Foundation (under U.S. Department
plexes; however, characterization was limited to IR and of Energy Cooperative Agreement DE-FCO9SR18262),
Raman spectra.Since this initial study, the sal based pallinckrodt Medical, Inc. (St. Louis, MO), and the National
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