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Preparation and Protonation Studies oftrans-Dioxorhenium(V) Complexes with Imidazoles
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Reacting ReGl(PPh), with imidazole (ImH) and its methylated derivatives 1-Melm, 1,2,Ne 2-MelmH, and
4(5)-MelmH yielded salts of therans-dioxo cation [ReGL4]". Pure stable compounds were isolated for=X
I~ and L= ImH, 1,2-Melm, and 1-Melm and X = B(CgHs),~ and L= 1-Melm, 2-MelmH and 5-MelmH.
Thev,{O=Re=0) IR bands were observed between 765 and 794'cwhereas thes Raman band appeared in
the 906-925 cnt! range. The compounds were also characterizedthyand 13C NMR and UV-vis
spectroscopies. Crystal structures were determined for three compoundsi(ZR&&mH),][B(CsHs)4]-3CHs-
OH, triclinic, P1, a = 10.696(3) A,b = 15.128(4) A,c = 15.497(4) A o = 113.57(2}, B = 97.25(2), vy =
95.94(2), Z = 2, R = 0.030; [ReQ(1-Melm)][B(CeHs)4]-H,0+0.5CHOH, monoclinic,P2,/n, a = 15.619(2) A,
b=9.486(2) A,c=27.387(4) Af = 97.09(1}, Z = 4, R= 0.057; [ReQ(5-MelmH)][B(C¢Hs)4], orthorhombic,
P2:2:2;, a = 10.199(2) A,b = 13.441(5) A,c = 28.798(10) A,Z = 4, R = 0.043. The complexes adopt the
trans-dioxo geometry, and the octahedra are remarkably regular. Protonation ol ifefas studied in methanol
and in water. Acid dissociation constants were determined in aqueous solution for the [ReGIEOKK,) and
[ReO(OH)L4]3" (Ky,) species of 1-Melm (K, = 2.0, K5, = ~—4.0) and 1,2-Mdm (pK,, = ~3.8, Ky, =
~—4.1). lodide salts of [ReO(OH)}?" were not stable enough to be isolated, but the BigL~ salt of
[ReO(OH)(1,2-Melm)4]2" was obtained in pure form. The crystal structure of [ReO(OH)(1,2kMR](I3)o.5
(ReQ@)1.5 (monoclinic,12/a, a = 23.290(8) A,b = 10.863(7) A,c = 25.709(8) A, = 94.36(3}, Z=8,R =
0.060) showed the presence of octahedral dications in which the oxo and hydroxo gronpssteone another
and the Re-N bonds are displaced to the ROH side by the steric effect of the multiple Rexo bond. The
o-donor ability of imidazole, greater than that of pyridine, leads to more stable JRECOcompounds in which
the Re=O double bond character is lower and the oxo groups are better nucleophiles.

Introduction properties comparable with those of the pyridine analddus,
i ) i ) the emitting state was found to lie at higher energy and coupling

A decade ago, |nt$rest|ng spectroscopic p[opertles Wereof metat-ligand vibrations was detected in the vibronic
observed for [Re@ 4] complexes (L= py or */> en) by structure. Efforts are being devoted to relate these peculiarities
Winkler and Gray, who discussed promising applications for 1 syryctural and other features of these compounds, and for
such systems in photophysics. In the meantime, several studiesys reason, it appeared to be desirable to devise routes to pure
have been devotegil to the photochemistry and electrochemistry, g \yell-characterized salts. This paper describes the prepara-
of these systems.* Recently, related compounds attracted o, of severatrans[ReO,L4]* salts with imidazole (ImH) and
attention in connection with the utilization of tHé8%Re and its 1-methyl (1-Melm), 2-methy! (2-MelmH), 4-methyl (4(5)-
188Re nuclei for diagnostic purposes in radiopharmacy. MelmH)? and 1,2-dimethyl (1,2-Mgm) derivatives. The

The first report ontrans-dioxo compounds of rhenium(V)  protonation of these species is also examined.
with imidazoles appeared only recentlglespite the fact that
Tc analogues had been known for some timEomplexes were R, R, R,
described for a few imidazole ligands, but the chloride salts
isolated proved to be unstable: partial decomposition to R R H H H ImH
perrhenate was frequent, and mixed [Re£)*/[ReO(OH)Lg)%* 35 Ny 5 Cl}{h CE H ;‘;{‘eimn
phases were isolated. In a preliminary spectroscopic study, 4 | /)‘Rz s H e m
N;

. . . H H CH; 5-MelmH
- + 3
[ReOx(1-Melm)y]™ exhibited absorption and luminescence CHy CH; H 1,2-Me,Im

® Abstract published irAdvance ACS Abstractdyovember 15, 1996. ; ;
1) W_inkler, J. R,; Gray, H. BJ. Am. Chem. Socl983 105 1373. Experimental Section
Winkler, J. R.; Gray, H. BInorg. Chem.1985 24, 346. ~ Materials. Reactants were used as received from Aldrich (KReO
(2) Ram, M. S.; Jones, L. M.; Ward, H. J.; Wong, Y. H.; Johnson, C. S.; PPh, imidazoles, NHPR), Fisher (NaBP}), Johnson Matthey (HBf.

®) gtjpbersmg n\',?,q’,\';gygf p-lP j]n;rr]g r%h%rrf%gzgésgé%%z& or Anachemia (HI). Spectrograde acetone and methanol (American

(4) Ram, M. S.; Johnson, C. S.; Blackbourn, R. L.; Hupp, JIrbrg. Chemicals or ACP Chemicals) and all other solvents (reagent grade)
Chem.199Q 29, 238. Liu, W.; Welch, T. W.; Thorp, H. Hinorg. were used without further purification. Deuterated solvents were from
Chem.1992 31, 4044. Cambridge Isotope Laboratory or Aldrich.

(5) Technetium and Rhenium in Chemistry and Nuclear Medicine;  physical Measurements. Solution'H and**C NMR spectra were
R‘;‘f;"lnéggﬂ Bandoli, G., Mazzi, U., Eds; S. G. Editoriali: Padova,  rocorded on a Varian VXR 300 MHz spectrometéH spectra were

(6) Lebuis, A. M.; Young, J. M. C.; Beauchamp, A. Can. J. Chem. referenced to the residual solvent signad@Do 4.80; CDxOD, ¢ 3.30;
1993 71, 2070.

(7) Fackler, P. H.; Lindsay, M. J.; Clarke, M. J.; Kastner, M.lorg. (9) Conventional ring numbering starting with the-N(R) position is
Chim. Acta1985 109, 39. used. The two tautomeric forms are designated as 4-MelmH (4-methyl-

(8) Savoie, C.; Reber, C.; Banger, S.; Beauchamp, A. Ilnorg. Chem. 1H-imidazole) and 5-MelmH (5-methylH-imidazole), respectively.
1995 34, 3851. The equilibrium mixture is represented by 4(5)-MelmH.

S0020-1669(96)00451-X CCC: $12.00 © 1996 American Chemical Society



Reaction of Re@(PPh), with Imidazoles

dimethyl-ds sulfoxide (DMSOeg), 6 2.49 ppm) and converted to the
conventional MgSi scale. 13C spectra were recorded on the same
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When excess ligand was used, the yield was improved, but the raw
product contained an appreciable amount of free imidazole identified

instrument at 75.431 MHz. For solution spectra, dioxane was added by NMR. Most of the free ligand could be removed by stirring in

to the DO samples as internal standardq7.4 ppm). The CP-MAS

CHCls, filtering, and washing with CkCl..

spectra were referenced to the aromatic carbons of hexamethylbenzene Preparation of [ReO,L 4][B(CeHs)s]. The salts were obtained by
(0 132.1 ppm). Infrared spectra were recorded as Csl or KBr pellets adding Na[B(GHs)4] to the iodide generateth situ or isolated as
on a Perkin-Elmer 783 spectrophotometer. The Raman spectra weredescribed above. They are virtually insoluble in water, but somewhat

recorded on a Jobin Yvon/ISA Mole S-3000 spectrophotometer,

equipped with Spectra Physics Stabilite 2016 argon ion (514.5 nm)

and Lexel 3500 krypton (647.1 nm) lasers. Electronic absorption
spectra were obtained using a Varian/CARY-5E ts—near-IR

soluble in methanol and acetone.

[ReOz(2-MelmH) 4][B(C¢H5s)4]-2H,0. 2-MelmH (0.367 g, 4.470
mmol) was added to a suspension of R¢PPh), (0.966 g, 1.11 mmol)
in methanol (30 mL). The reaction mixture was heated for 35 min,

spectrophotometer. Elemental analyses were performed by Guelphafter which time the greenish brown solution was allowed to cool.

Chemical Labs.

Preparation of [ReO.L4]l. The purple starting material Rgl®
(PPh), was prepared by the literature metfbdsing KReQ instead
of HReQ, as described by Brewer and GrayWe found Re@(PPh).
to be moderately sensitive to,(even in the solid state, decomposing
to the dimer [ReQ{PPh),(OReQ)], as evidenced from the unit cell
and 3P NMR spectrum being identical with those obtained from an
authentic sampl&® The Re(V) starting material was therefore stored
under argon, and all further manipulations involving this compound
were carried out under controlled atmosphere. The pRgOsalts
were obtained by reacting Rel(PPlg), with excess of the imidazole
(L) in methanol.

[ReO,(1,2-Melm) 4)l. ReQl(PPh), (1.17 g, 1.35 mmol) and 1,2-
Mezlm (2.64 g, 27.5 mmol) were stirred in methanol (10 mL). A light
brown solution was obtained within 2 min and the mixture was refluxed
for 20 min. After the dark brown solution was cooled to room

Excess toluene was added, and the solvent was evaporated until a dark
brown oil (1 mL) was obtained. The iodide was not isolated as a solid,
but an NMR spectrum run on the oily sample confirmed the presence
of [ReOy(2-MelmH)]*. H NMR (D20; ppm): 6 7.07 (d, H5), 6.78

(d, H4), 2.20 (s, N-CHs), 2J(H4—H5) = 1.8 Hz. The oil was diluted

in methanol (5 mL) and Na[B(ls)4] (0.406 g, 1.186 mmol) was added

to the solution. The solvent was allowed to evaporate slowly in open
air, and the complex was isolated as a mustard yellow powder; yield,
0.954 g (95%). IR (Csl; crt): 765 (sh) or 775 (vsya{O=Re=0)
(interference from the [B(§s)s~ band). Raman (crmi): 924
v(O=Re=0). UV—vis (CHOH; 4, nm €, M~1 cm™)): 207 (8.7x

1, this absorption band includes a strong [B6)s~ component),
467 (2.1x 100). H NMR (CD30D; ppm): 6 2-MelmH, 7.10 (d, H5),
6.79 (d, H4), 2.27 (s, NCHzy); [B(CeHs)a] ~, 7.28 (m, 2H), 6.95 (t,
2H), 6.81 (t, 1H). Anal. Calcd for £H4sBNsO4Re: C, 53.27; H, 5.36;

B, 1.19; N, 12.42. Found: C, 53.04; H, 5.24; B, 1.19; N, 12.42.

temperature, toluene (10 mL) was added and the solvent was evaporate€rystals suitable for X-ray diffraction were grown in methanol by slow

until the mother liquor lost its brown color. The mustard yellow powder
was filtered and washed with toluene and diethyl ether; yield, 0.96 g
(98%). IR (Csl, cm?): 790 (vs)vadO=Re=0). Raman (cmt): 907
v(O=Re=0). UV—vis (CHOH; A, nm (¢, M~ cm™)): 211 (3.2x
10%, 255 (6.2x 10%), 467 (3.5x 1(%). UV—vis (HO; 4, nm (€, M~*
cm1)): 194 (5.4x 10%, ~223 (sh) ¢2.5 x 10%), ~255 (sh) &5 x
108), 480 (3.2x 10%). H NMR (DO, ppm): 6 7.10 (d, H5), 6.78 (d,
H4), 3.74 (s, N-CHjy), 2.28 (s, G-CHa), 3J(H4—H5) = 1.7 Hz. °%C
CP-MAS (ppm): 6 146.5 (C2), 130.6 (C4), 122.4 (C5), 33.3, and 32.0
(N—CHjs), 12.1 (C—CHz). Anal. Calcd for GgH32INsO2Re: C, 32.92;

H, 4.42; 1, 17.39; N, 15.36. Found: C, 32.86; H, 4.36; |, 17.15; N,
15.00.

[ReOy(1-Melm) 4]l -:2H,O. As above. IR (KBr, cm?): 793 (vs)
vadO=Re=0). Raman (cm%): 905 v{(O=Re=0). UV-—vis (CHs-
OH, nm): 211 (2.9x 10F), 265 (9.2x 1(F), 473 (2.0x 1(?). UV—
vis (H,0; A, nm €, M~t cm™1)): 193 (6.3 x 10%), 221 (2.5x 104,
255 (9.2x 10°%). H NMR (D20; ppm): 6 7.65 (s, br, H2), 7.21 (t,
H5), 7.00 (t, H4), 3.80 (s, NCHy), 3J(H4—H5) ~ 4J(H2—H4) ~
4J(H2—H5) ~ 1.5 Hz. 13C NMR (D;0; ppm): ¢ 140.0 (C2), 129.5
(C4), 123.7 (C5), 35.0 (NCH3). 8C CP-MAS (ppm; two non-
equivalent ligands detected in the solid):137.5, 135.9 (C2); 130.6,
128.9 (C4); 126.3, 122.3 (C5); 35.4, 34.2®Hz). Anal. Calcd for
CieH2elNgO4Re: C, 27.08; H, 3.98; I, 17.89; N, 15.79. Found: C,
27.35; H, 3.70; I, 17.73; N, 16.00.

[ReO(ImH) 4]I -2.5CH;OH. ReQl(PPhy), (2.39 g, 2.74 mmol) and
imidazole (0.073 g, 11.7 mmol) were heated in methanol (25 mL) for

evaporation. The recrystallized sample has the formula PO
MelmH)4][B(C6H5)4]'3C|'hOH

[ReO,(1-Melm)4][B(CeHs)s]. [ReOy(1-Melm)]l (0.232 g, 0.344
mmol) was dissolved in methanol (20 mL). Na[Bt)s was added
in excess (0.297 g, 0.868 mmol) as a concentrated methanol solution.
The solvent was allowed to partly evaporate, and a homogeneous brick-
red crystalline solid precipitated; yield, 0.240 g (80%). Composition
was determined from the X-ray diffraction work described below. IR
(KBr; cm™): 794 (vs)vadO=Re=0). H NMR (CD;OD; ppm): ¢
1-Melm, 7.73 (s, H2), 7.11 (d) and 7.10 (d) (H5/H4), 3.71 (5;0H;)
(BJ(H4—H5) ~ 4J(H2—H4) ~ 4J(H2—H5) ~ 1.3 Hz); [B(GHs)4] ~, 7.26
(m, 2H), 6.93 (t, 2H), 6.80 (t, 1H).

[ReOy(5-MelmH)4][B(CeHs)s]. Conversion to the tetraphenylborate
salt was effected in methanol, as described for [R&®elm)]-
[B(CgHs)4], using 3 equiv of Na[B(GHs)4]. The crystals that grew
out of the solution within 2 days were used for the crystal structure
study; yield, 64%. IR (Csl; cmt): 775 (vs, br)vadO=Re=0). H
NMR (CDzOD; ppm): 6 5-MelmH, 7.59 (s, br, H2)~6.84 (H4,
interference with anion signal), 2.20 (s, br, C{HB(C¢Hs)4] ~, 7.26
(m, 2H), 6.94 (t, 2H), 6.83 (t, 1H). Anal. Calcd forg1BNsORe:

C, 55.49; H, 5.12; N, 12.94. Found: C, 55.42; H, 5.09; N, 12.76.

[ReO(OH)L 4)?* lodides. In a typical run aimed at preparing [ReO-
(OH)(ImH)4](I) 2, a methanol solution (0.22 M) of HI (4.5 mL, 0.99
mmol) was added to a suspension of [R@é@H),]l (0.140 g, 0.227
mmol) in methanol (20 mL). The reaction mixture immediately took
a purple color, and all of the solid eventually dissolved. After the

10 min. The brown solution was cooled to room temperature, and mixture was stirred for 2 min, the solvent was evaporated to a residual
toluene (40 mL) was then added. The solution was evaporated, andyolume of 1 mL, without formation of a precipitate. The purple

the brick red oily residue was dried by pumping in vacuum. The sample complex was precipitated by adding excess diethyl ether, filtered and

was recrystallized in methanol; yield, 0.75 g (38%). IR (KBr;@&n
780 (vs)radO=Re=0). UV-vis (CH;OH; 4, nm (¢, M~tcm™)): 221
(2.2 x 10P), 258 (7.5x 1(°), 474 (2.2x 10?). *H NMR (D20O; ppm):

0 7.77 (t, H2), 7.29 (t, H5), 7.07 (t, H43)(H4—H5) ~ 4J(H2—H4) ~
4J(H2—H5) ~ 1.3 Hz. 13C NMR (D;0O; ppm): 6 139.7 (C2), 128.8
(C4), 119.4 (C5). Anal. Calcd for &£H6INsOssRe: C, 23.87; H,
3.59; 1, 17.40; N, 15.36. Found: C, 24.00; H, 3.86; 1, 17.53; N, 15.50.

(10) Ciani, G. F.; D'Alfonso, G.; Romiti, P. F.; Sironi, A.; Freni, Morg.
Chim. Actal983 72, 29.

(11) Brewer, J. C.; Gray, H. Bnorg. Chem.1989 28, 3334.

(12) Ciani, G.; Sironi, A.; Beringhelli, T.; D’Alfonso, G.; Freni, Ninorg.
Chim. Actal1986 113 61.

(13) Freni, M.; Giusto, D.; Romiti, P.; Minghetti, Gazz. Chim. Ital1969
99, 286.

washed with diethyl ether. The presence of [ReO(OH)(Ig#)in
the sample is deduced from the strong IR band at 957 cior
v(Re=0), whereas the strong,{O=Re=0) band of [ReQ(ImH),]*
at~780 cnT!is absent. The species remains [ReO(OH)(lal#)in
DMSO, as evidenced from the violet color of the solution. Thee
NMR resonances (DMS@) at relatively high field (7.95 (H2), 7.46
(H5), and 6.96 ppm (H4)) are consistent with the higher positive charge
on the complex. From the obtained yield (0.33 g), it is clear that the
product is not [ReO(OH)(ImH)()2, but it could correspond to
essentially quantitative conversion to [ReO(OH)(ImH}), or a mixed
I37/1~ salt.

[ReO(OH)(1-Melm)](l) 2 behaved similarly, giving &(Re=0) IR
band at 955 cm* and*H NMR signals (DMSOQdg) at 8.01 (H2), 7.50
(H5), 6.94 (H4), 3.86 (N-CHz) ppm. [ReO(OH)(1,2-Mgm),]?* is
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Table 1. Crystallographic Data for Structurés-1V

Bélanger and Beauchamp

[ReOx(2-MelmH)][B(CeHs)d] -
3CHOH (1)

[ReOy(1-Melm)][B(CeHs)d]*

[ReO,(5-MelmH)y]-

[ReO(OH)(1,2-Melm),]-

H,0-0.5CHOH (Il [B(CeHs)d] (111 (I5)o5(ReQ)y5 (IV)
mol formula QgHssBNgOsRe Qo,d‘|4gBNgo3_5Re C40H44BNgozRe C20H33|1,5N303R62,5
fw 961.99 899.90 865.86 1169.42
a A 10.696(3) 15.619(2) 10.199(2) 23.290(8)

b, A 15.128(4) 9.486(2) 13.441(5) 10.863(7)
¢ A 15.497(4) 27.387(4) 28.798(10) 25.709(8)
o, deg 113.57(2) 90 90 90

B, deg 97.25(2) 97.09(1) 90 94.36(3)
v, deg 95.94(2) 90 90 90

Vv, A3 2247.1(1) 4026.7(12) 3948(2) 6486(5)

4 2 4 4

space group P1(No. 2) P2:/n (No. 4) P2,2,2, (No. 19) 12/a (No. 15)
temp,°C 20 —58 —98 —58

AR 0.709 30 (Mo Ky) 1.541 78 (Cu K1) 1.541 78 (Cu ) 1.541 78 (Cu k)
Pealca g CNT3 1.422 1.484 1.457 2.395

u, cmt 27.9 60.6 61.3 290.4
transm coeff 0.560.72 0.14-0.34 0.46-0.68 0.08-0.36
Re 0.030 0.057 0.043 0.060

Ry? 0.029 0.062 0.046 0.060

AR = JIIFol = [Fell/ZIFol; Ry = [XW(IFo| = [Fe)¥ 3 w|Fo|?*2.

very sensitive to ligand loss, and an iodide salt could not be isolated, stable [ReQ(1,2-Melm),]l complex could be studied at room tem-
although a stable salt was obtained when NafBigL] was added early perature over the entire pH range. In both cases, decomposition to an
to the mixture, before the imidazolium cation began to appear (see insoluble black material occurred at acidities above -p#

below). Crystallographic Measurements and Structure Determination.
[ReO(OH)L4?" Tetraphenylborates. [ReO(OH)(1,2-Melm)4]- X-ray work for all compounds was carried out on an Enraf-Nonius
[B(C¢Hs)4], was isolated when [Refl,2-Melm) ]l (1.24 g, 1.71 CAD-4 diffractometer using graphite-monochromatized copper radia-
mmol) was dissolved in methanol (20 mL) and protonated by addition tion. The reduced triclinic cell was obtained from-1%5 reflections
of a methanol solution of HBF3.4 mL, 2.51 mmol). The protonated found on a rotation photograph. Conversion to the conventional cell,
complex was immediately precipitated by adding Na[B{§}.] (1.29 when needed, was then made in accordance with the Niggli matrix.
g, 3.77 mmol) as a concentrated methanol solution. The purple solid The cell parameters given in Table 1 were calculated from 25 higher-
was filtered and washed with ethanol until the filtrate lost its yellow angle reflections. Laue symmetry was eventually checked by compar-
color; yield, 1.515 g (70%). IR (Csl; cmd): 962 (m, br)v(Re=0). ing intensities between the various octants. Systematic absences were
13C CP/MAS (ppm): 6 1,2-Melm, 148.1 (C2), 128.8 (C4), 122.7 (C5),  determined by inspection of the full data set.
33.8 (N—CHs), 11.0 (C-CH); B(CeHs)4™, 164.2, 136.0, 125.7. Anal. In all cases, intensity dataff2.«= 140°) were collected over more
Calcd for GgH7sB2NsO:Re: C, 65.75; H, 5.92; B, 1.74; N, 9.02.  than the minimum number of octants required by Laue symmetry. The
Found: C, 65.22; H, 5.81; B, 1.66: N, 9.03. orientation was monitored every 200 measurements, and the intensity
The same method applied to [R€O-Melm)]* yielded a solid was checked every 60 min with four to six standard reflections. Data
whose microanalysis corresponds to [ReO(OH)(1-Ma[B{CeHs)a] a1z were corrected for the effects of Lorentz, polarization, and absotption
(BF4)2i3. IR (Csl; cnY): 973 (m)»(Re=0). C CP/MAS (ppm): o (Gaussian integration, 18 10 x 10 grid).
1-Melm, 137.0 (C2), 126.7 (C4), 123.6 (C5), 33.1{8H;); B(CeHs)s™, Structure determination for [ReO(OH)(L,2-M@)4](1s)os(ReQy)x 5
166.9, 141.2,~ 127 (interference from ligand). Anal. Calcd for  raised particular problems, which are discussed below. The three other
CagHs1B2NgO-ReR 7 C, 55.92; H, 5.05; B, 2.10; N, 10.87. Found:  structures were solved by the heavy-atom method. The Re atoms were
C,56.08; H, 5.14; B, 1.85; N, 10.89. Itis unclear whether this sample |ocated from a Patterson map. All other non-hydrogen atoms were
is a mixture of the BIF and B(GHs)s~ salts or a single crystalline  |ocated by successivaF maps. Refinement was anisotropic for all
phase with partial BF substitution like thed/ReQ,” salt described non-hydrogen atoms. Non-methyl hydrogen atoms were calculated at
in this paper. idealized positions (0.95 and 0.85 A for& and N—H, respectively).
Protonation of [ReO,L 4" Solutions. Protonation of [Re@(1- The thermal parameteB(H) were fixed at B(non-H) + 1] A2 One
Melm),]I was followed spectrophotometrically in methanol by recording hydrogen of each methyl group was located from #fe map, the
spectra (206350 nm) of~10-° M solutions at room temperature as  others were placed at idealized positions. Hydrogen parameters were
a function of pH. Under these conditions, equilibriuri Ebncentra- not refined, but their positions were recalculated after each cycle.
tions are essentially equal to added HBF Details specific to each structure are given below. Refinement was
Protonation of~10-% M solutions of [Re@(1-Melm)y]l and [ReQ(1,2- done u_sing NRCVAX and SHELX-?(_:“L.6 In the latter case, the atomic
Me,lm)4]l in aqueous solutions was monitored from the weakedd scattering factors and anomalous dispersion terms (Re, I) were taken
spectral region (308900 nm). Data were obtained in tHe7 to —4 _from standard_sou_rcéé‘.lg _FuII sets of atom parameters are provided
pH range for the 1-Melm complex and in the3 to —8 pH range for in the supporting information.
the 1,2-Melm complex. For HCI concentrations 0.1 M, pH was [ReO,(2-MelmH) 4][B(C ¢Hs)4]-3CH30H (1). A thick yellow plate
measured using a combined glass/calomel electrode calibrated just(0.13 x 0.38 x 0.49 mn%) was used for the X-ray diffraction study.
before use with standard buffers (pH 4 and 7). Acidities for higher The whole sphere (15774 intensity measurements) was averaged to 7887
concentrations of HCl and430Q, were expressed in terms of Hammett's  uniquehkl, hkl, hkl, andhkl reflections R = 0.026), of which 6127
acidity function |H,|.1* Each data point was collected on a fresh with I/o(I) = 3 were used for structure determination. The structure
solution, and absorbance was measure® 2nin after dissolution.
Measurements at intermediate _acidities for_the de;erminaticmlcdf (15) Gabe, E. J.; Le Page, Y.; Charland, J. P.; Lee, B. Appl. Crystallogr.
the 1-Melm complex were obtained af@ using an ice-water-cooled 1989 22, 1021.
cell. Since temperature had no effect on the more acidic solutions, (16) Sheldrick, G. M.SHELX-76, Crystallographic Program System

the data to estimateé,, were obtained at room temperature. The more University of Cambridge: Cambridge, England, 1976.

(17) Cromer, D. T.; Libermann, Dl. Chem. Phys197Q 53, 1891.

(18) Stewart, R. F.; Davidson, E. R.; Simpson, WJTChem. Physl965
42, 3175.

(19) Cromer, D. TActa Crystallogr.1965 18, 17.

(14) Rochester, C. HOrganic Chemistry: A Series of Monograms
Academic Press: London, U.K., 1970; Vol. 17, p 38.
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solved and refined well in the centrRl space group. No disorder  Nevertheless, the mixture was heated for a short time to ensure

was detected. The hydroxyl hydrogens of the lattice methanol complete reaction. To obtain samples with better crystallinity,

molecules Wfre located frofm t(:m': rfnap, Iand th%:r posmonskand . atempts were made to replace the counterion by adding NH

temperature factors were refined. A few electron-density peaks in the ;

range—0.63 to-+0.42 e/& remained near the Re atom in the fizef PRy or NHsBF, to [ReQLl in methanol. However, the
samples were contaminated by the NHsalt when a large

map. .
[ReO,(1-Melm)J[B(C ¢Hs)a] ‘H,0-0.5CH:OH (Il). The crystal excess was _added, or only partial replacement occurred wh_en a
used for the X-ray work was a brick-red prism (0.240.34 x 0.60 stoichiometric amount or a small excess was used. A typical

mne). A total of 15 267 reflectionshil, hki, hkl, hkl) were averaged ~ example is [Re@(5-MelmH)](PFs)o.s41)0.0s Whose composition
to 7639 uniquehkl and hkl reflections Ry = 0.055), of which 6446 was deduced from an X-ray crystallographic sté#ly-lowever,
with 1/o(l) = 3 were used for structure determination. Space group clean conversion to less soluble BiG),~ salts could be
P2;/n was uniquely determined from Laue symmetry and systematic zchieved.

absences. The non-hydrogen atoms in [R&é&Melm)]™ and

[B(CsHs)4]~ were well-ordered, but disorder was found to be present Spectroscopic Data of trans-Dioxo Complexes. The

in two different regions containing lattice solvent molecdfeResidual O=Re=0 unit gives rise to strong characteristic features in both
peaks within0.60 e/& remained in the finahF map near the metal  infrared and Raman spectra. For all of our [REQX com-
center. pounds with imidazoles and the chloride salts described eérlier,

[ReO4(5-MelmH) 4][B(C¢Hs)4] (I11). A brick-red prism of dimen- the v,{O=Re=0) band is found between 765 and 794¢ém
sions 0.14x 0.19 x 0.26 mnf was used for the data collection. Aset This is comparable with the frequencies reported for

of 14 440hkl, hK, hkl, andhki reflections was measured. Out of the  [Re(O,(CN),]3~ 24 andtransReQ:N, cores with cyclar#~28 and
7483 hkl and hkl obtained after averagind¢: = 0.056), 6336 with azaindoleé?® This vibration tends to appear at 81825 cnt!

I/o(l) = 3 were used in the structural study. The space group was for complexes with pyridines and aliphatic amifés® The

defined uniquely from Laue symmetry and systematic absences. No . . . . .
evidence of disorder, such as that resulting from imidazole binding as R@man actives(O=Re=0) vibration was found in the 960

the 4-methyl, instead of the 5-methyl, tautomer, was detected. The 925 cnT® range, in agreement with the value (905 ¢)A

absolute configuration was determined using the BIVOET routine of calculated from the luminescence spectrum of [R&©

the NRCVAX progran?! Residual peaks withie-1.3 e/& remained Melm)s]*. For [ReQpys™, a frequency of 916 crt was

near the metal center. observed in acetonitrile soluti#hand calculated from lumi-
[ReO(OH)(1,2-Mexlm) 4](1 3)o.5(ReOu)15 (IV). These crystals were nescence spectta.

obtained as a side product during attempts to prepare ReO¢QE} . . L
Me;im), as described for pyridine analogiésConcentrated HBE The electronic spectra of thiens-dioxo imidazole complexes

(2.5 mL, 13.8 mmol) was added to a suspension of [RE@-Me- exhibit three major components. The hlgh-energy region below
Im)4]l -2CH:OH (1.88 g, 2.60 mmol) in ethanol (100 mL), and the purple 225 nm includes imidazole — 7* transitions3® The absorp-
solution was refluxed for 90 min. The very dark blue solution was tion near 260 nm¢ = 6000-10 000 Mt cm™2) probably has
cooled to room temperature, and a black solid was filtered and washedthe same origin as the 331 nm bamd~ 25 000 M~ cm™1) of

with diethyl ether. By recrystallization from ethanol, a small amount  the corresponding pyridine complex, which has been attributed

of royal-blue diamond-shaped crystals suitable for X-ray diffraction g 5 [dy— 7*] MLCT transition.1! Finally, the third absorption
were obtained. This complex is clearly a minor component of the black found in the visible region (467 nm) is due to a ligand field

mixture. 1 1 1/ o N1 o

A small crystal (0.058< 0.058 x 0.076 mnd) was used for X-ray Alg.[(bzg)z] . I.Eg[(bzg) (&)'] transition. It was found at 445
work. An entire sphere (22 974 reflections) was collected, which was nm in the pyridine complex.
averaged to 6155 uniqukl andhkl reflections. The standards decayed The NMR data given in the experimental section follow the
by 16% during data collection, and scaling did not perfectly correct trend discussed in a previous stutdyThe 13C chemical shifts
for decomposition, as indicated by the relatively higghvalue (0.147). as assigned in the C2 C4 > C5 order as noted by other
The data withl/o(l) > 3 totaled 2509 reflections. Space groug&a
andla were consistent with Laue symmetry and systematic absences - -
(hkl, h+ k + 1 2 2n; hOl, h, | = 2n; OO, k = 2n). The structure was (23) [ReQ(5-MelmH)](PFe)o.941)0.06 Was obtained from metathesis of the

! . corresponding iodide with 2 equiv of NRFs in methanol. Dark red
solved and refined in the centrl@/a space group. The unexpected crystalg formegd after several dg s. The orthorhombic unit B&iZ.2,

presence of Ref and disorder made the Patterson map difficult to a=12.225(5) Ab = 20.617(6) Ac = 11.031(6) AZ = 4) contains
unravel, but some of the Re and | atoms could be located. The [ReG,L4]* in which all ligands exist as the 5-MelmH tautomer. The
remaining non-hydrogen atoms were found fraf maps. The anions counterions occupy two sets of 2-fold special positions, in one of which
providing the —2 charge should actually be represented gk 4! PR~ is replaced 12% of the time by I The two types of P& are
(ReQ)os(ReQy). The triiodide anions are not disordered, but both types disordered, most of the F atoms being distributed over two or three

positions. The structure could not be refined beRw 0.07, and the

of ReQ,” are?® Refinement was anisotropic for Re and | atoms and more reliable crystallographic study on the BPbalt is reported here.
isotropic for C, N, and O atoms. Hydrogen atoms were treated as they (24) Howard-Lock, H. E.; Lock, C. J. L.; Turner, Gpectrochim. Acta
were in the previous structures. Residual electron density withii78 1982 38A 1283.
e/A3 was located near Re and | atoms. (25) Winckler Tsang, B.; Reibenspies, J.; Martell, Alfiorg. Chem1993
32, 988.
R It (26) Luna, S. A.; Bolzati, C.; Duatti, A.; Zucchini, G. L.; Bandoli, G.;
esults Refosco, Flnorg. Chem.1992 31, 2595.
. - (27) Blake, A. J.; Greig, J. A.; Schder, M.J. Chem. Soc., Dalton Trans.
trans-Dioxo compounds [RegD ]I of imidazoles were pre- 1988 2645.
pared by adapting the method developed by Brewer and*ray (28) wang, Y. P.; Che, C. M.; Wong, K. Y.; Peng, S. Morg. Chem.
for [ReQypys]l. Yields generally >70% were obtained by 1993 32, 5827.

: - . . : : (29) Lebuis, A. M.; Beauchamp, A. [Can. J. Chem1993 71, 2060.
reacting Re@l(PPh), with 4-20 equiv of the ligand in (30) Jezowska-Trzebiatowska, B.; Hanuza, J.; BalukeSpéctrochim. Acta

methanol. The more basic imidazoles reacted much faster than 1971 27A 1753.
pyridines. Almost instantaneous change in color indicated that (31) Johnson, N. P.; Lock, C. J. L.; Wilkinson, G. Chem. Soc1964
i i 4.

the reaction had taken place quickly at room temperature. (32) Johnson, J. W.: Brody, J. F.: Ansell, G. B.: Zentz)isrg. Chem.
1984 23, 2415.

(20) A full description of the disorder is available in the Supporting (33) Beard, J. H.; Casey, J.; Murmann, R.IKorg. Chem.1965 4, 797.
Information. (34) Thorp, H. H.; Van Houten, J.; Gray, H. Borg. Chem.1989 28,

(21) Hynes, R. C.; Le Page, Y. Appl. Crystallogr.1991 24, 352. 889.

(22) Ram, M. S.; Hupp, J. Tinorg. Chem.1991, 30, 130. (35) Grebow, P. E.; Hooker, T. H., JBiopolymersl975 14, 871.
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Figure 1. ORTEP drawings showing numbering schemes for (a) [Re®elmH)]* (1), (b) [ReG(1-Melm)]™ (), (c) [ReQ(5-MelmH),]*
(1), and (d) [ReO(OH)(1,2-M#gm)4]2" (IV). Thermal ellipsoids drawn at the 50% probability level. H atoms omitted for simplicity.

workers36:37 C4/C5 averaging due to fast tautomeric exchange shows, in addition to the highly predominant set of signals, a

in nonN-methylated ligands is removed by complexation.
Most of our'H NMR spectra were run in £D. The lowest-
field signal is found for H2, when present, at #B.8 ppm,
whereas H4 and H5 occur in the 6:8.3 ppm range, H5
appearing~0.2 ppm downfield from H4. However, the spectra
are solvent sensitive. For related [T¢Q]™ in CD;OD,” H2
was found at lower field and the H45 separation was much

series of very weak peaks that could be due to such isomers.
However, since the homogeneous crystalline material used for
X-ray diffraction was shown to contain only [ReB-Me-
ImH)4]* and this isomer was the only one detected in the solid
state for [Co(NH)s(5-MelmH)]Clz-2H,03%¢ and [Cu(IDA)(5-
MelmH)] (IDA = iminodiacetate dianior?? the strong signals
can confidently be assigned to the isomer containing only the

smaller, an unresolved H4/H5 signal being observed for the remote 5-MelmH tautomer. ThiH spectrum of the CEDD

1-Melm complex. This is consistent with our observations for
[ReOy(1-Melm)y]*: the 7.65 (H2), 6.99 (H4), and 7.20 (H5)
ppm signals for the iodide salt inJD are displaced to 7.73
(H2) and 7.10/7.11 (H4/H5) ppm, respectively, for the 8464~

salt in methanol. For [Tc&@l-Melm)]*, H4 was assigned
downfield from H5: the order of these resonances is not likely

solution (7.59 (H2),~6.84 (H4), and 2.20 (Ckl ppm) being
similar to the one reported for the Tc analogue (7.76, 6.88 and
2.17 ppm), the latter species should also be formulated as the
[TcOx(5-MelmH),] ™ isomer, rather than [Tcs4-MelmH),]™*
as proposed.

Crystal Structures of the trans-Dioxo Complexes. The

to be changed by solvent effect, and these assignments shouldtructures of [Regi2-MelmH)][B(CeHs)s]:3CHOH (1), [ReOy-

be interchanged.

In all cases, various rotamers could exist since a 2-fold
rotation of the ligand about the R&l bond generates two non-
equivalent configurations (see crystallographic work below).
However, NMR provides no evidence for multiple rotamers in

(1-Melm)4][B(CeHs)4]*H20-0.5CHOH (I1), and [ReQ(5-
MelmH)4][B(CeHs)4] (11l ) were determined. ORTEP drawings
of the three [Re@L4]* ions are shown in Figure 1. Selected
distances and angles are listed in Table 2. The@@listances
in the 2-MelmH and 5-MelmH compounds lie in the 1.761

solution, either because one rotamer is favored or, more likely, 1.769 A range typical of such complex@¥-29323%41 The

because all ligands become equivalent by fast interconversion.

The situation is more complex with 4(5)-Melm, which can

coordinate as the 4-Melm or 5-Melm tautomers and produce

various [ReQ(5-Melm)(4-Melm)_n]* isomers. In fact, the
IH NMR spectrum of a fresh CfOD of the B(GHs)4~ salt

(36) Henderson, W. W.; Shepherd, R. E.; Abolajnbrg. Chem.1986
25, 3157.

(37) Costes, J. P.; Commenges, G.; Laurent, lhétg. Chim. Actal987,
134, 237.

(38) Campos, A. C.; Busnot, A.; GaegIM. E. A.; Zafra, A. G. S.; Rez,
J. M. G.; Gutierez, J. N.Inorg. Chim. Acta1994 215 73.

(39) Lock, C. J. L.; Turner, GActa Crystallogr.1978 B34, 923.

(40) Murmann, R. K.; Schlemper, E. Ghorg. Chem.1971, 10, 2352.

(41) Glowiak, T.; Kubiak, M.; Jezowska-TrzebiatowskaBsll. Acad. Pol.
Sci., Ser. Sci. Chiml977, 25, 271. Lis, T.; Glowiak, T.; Jezowska-
Trzebiatowska, BBull. Acad. Pol. Sci., Ser. Sci. Chit975 23, 417.
Glowiak, T.; Lis, T.; Jezowska-Trzebiatowska, Bull. Acad. Pol.
Sci., Ser. Sci. Chiml972 20, 957. Sergienko, V. S.; Porai-Koshits,
M. A.; Khodashova, T. SzZh. Strukt. Khim1974 15, 275.
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Table 2. Comparison of Selected Bond Lengths (A) and Angles (deg) for the Complex Cations
[ReOy(2-MelmH)] * (1) [ReOy(1-Melm)] T (I1) [ReOy(5-MelmH)] ™ (111') [ReO(OH)(1,2-Melm)4]?* (IV)

Re-O1 1.768(3) 1.749(5) 1.769(7) 1.896(13)
Re-02 1.761(3) 1.782(6) 1.763(7) 1.732(15)
Re-N31 2.138(3) 2.112(7) 2.111(8) 2.137(20)
Re—-N32 2.137(4) 2.120(6) 2.132(8) 2.106(21)
Re-N33 2.146(3) 2.138(7) 2.140(9) 2.117(22)
Re—-N34 2.148(3) 2.113(5) 2.108(8) 2.139(22)
01-Re-02 178.13(13) 179.5(2) 175.5(4) 179.1(7)
0O1-Re-N31 89.88(13) 89.6(2) 87.9(3) 84.3(7)
01-Re-N32 87.76(14) 89.9(3) 90.9(3) 86.7(7)
0O1-Re-N33 90.57(14) 89.2(3) 92.5(4) 86.1(7)
0O1-Re-N34 89.56(14) 89.4(2) 88.1(3) 85.1(7)
02—-Re-N31 91.99(13) 90.1(2) 89.0(3) 95.7(8)
02—-Re-N32 92.09(14) 89.8(3) 92.3(3) 94.2(8)
02—Re-N33 87.56(14) 91.1(3) 90.7(3) 93.8(8)
02—-Re-N34 90.54(14) 91.0(2) 88.8(3) 94.0(8)
N31-Re-N32 92.01(13) 90.4(3) 88.1(3) 94.4(8)
N31-Re-N33 178.20(14) 178.8(3) 179.2(3) 168.9(8)
N31-Re-N34 89.34(13) 90.4(2) 92.2(3) 86.0(8)
N32—Re-N33 86.26(13) 89.8(3) 91.1(3) 90.7(8)
N32-Re-N34 176.99(13) 178.9(2) 88.5(3) 171.7(8)
N33-Re-N34 92.41(13) 89.4(2) 178.8(3) 87.6(8)
Re-N31-C21 130.1(3) 126.2(5) 127.8(7) 127.8(18)
Re-N31-C41 123.2(3) 127.0(5) 129.5(7) 120.5(16)
Re-N32-C22 130.6(3) 127.2(6) 123.5(7) 133.6(17)
Re—N32-C42 123.2(3) 127.0(6) 129.0(7) 123.1(15)
Re-N33-C23 130.0(3) 126.1(6) 128.5(8) 131.6(18)
Re-N33-C43 122.9(3) 130.2(7) 126.8(8) 122.4(17)
Re-N34-C24 129.3(3) 126.4(4) 130.0(7) 130.5(18)
Re—N34-C44 123.7(3) 127.6(5) 124.1(6) 122.2(17)

aThe Rel atom is involved.

Table 3. O1-Re—N3—C(a) Torsion Angles (deg) Describing Ring Orientation in Crystal Structures

ring 1 ring 2 ring 3 ring 4 ref
[ReOy(1-Melm)] ™ 20 [C4] -4 [C2] 1[C4] 38[C2] this work
[ReOy(5-MelmH),]* —16[C2] —41[C2] 6[C4] 20 [C4] this work
[TcO(1-Melm)]* —-22[C2] 19[C2] 22 [C4] —19[C4] 7
[TcOx(ImH)4]* 14 [C4] 6[C2] —141[C2] —6[C4] 7
[ReOy(2-MelmH),] ™ 29 [C4] 46 [C4] 35[C2] 34[C2] this work
[ReO(OH)(1,2-Melm)4]2* —44[C4] —42[C4] —50[C2] —35[C4] this work
[ReO(O/OH)(1,2-Mgm),]+/2+ -36 [C2] —36 [C4] —-36 [C2] —36 [C4] 6

—46 [C4] —46 [C2] —46 [C4] —46 [C2]

[ReOupya] ™ —26 20 —18 18 39
[ReOy(4-Mepy)] ™ -6 -21 6 21 32

17 -6 —-17 6
[TcOA(4-(t-Bu)py)]t 15 12 —15 -12 43

17 -6 —17 6

@ The four torsion angles are calculated with respect to the same oxo atom, ametdiieon is chosen so as to keep the angle intBé° <
7 < 90° range. For imidazoles, the-carbon involved is identified in brackets.

slight differences (1.749(5) and 1.782(6) A) observed for the the Re-N bond. As shown by the torsion angles listed in Table
1-Melm complex could be an artifact due to disorder in the 3, in the absence of a 2-methyl group, at least three and often
solvent molecules hydrogen-bonded to the oxo groups. Theall four imidazole rings are roughly aligned with thes®e=0
12 independent ReN distances, ranging from 2.111 to 2.148 direction (-22° < 7 < +22°). The same trend is exhibited by
A, are also similar to those found in complexes with other compounds with pyridines, which are netsubstitutec239:43
N-heterocycles. The angles correspond withirt@a regular On the other hand, with 2-MelmH and 1,2-pta, thea-methyl
octahedron, the only exception being the=Re=0 angles of  group rotates the rings45° away from the @Re=0 direction
175.5(4) in the 5-MelmH complex. o and generates a propeller-like conformation. For imidazole
In the 1-Melm and 5-MelmH compounds, coordination takes jigands, there are two unequivalent ring orientations about the
place along the lone pair direction, as evidenced from the pe N pond, corresponding to C2 being on the same sigh (

approximately equal ReN3—C2 and Re-N3—C4 angles 5 or oppositedown to the reference ReO bond, respectively.
(Table 2). On the other hand, for the C2-methylated complex, rg stryctures listed in Table 3 do not follow a unique pattern:
the Re-N3—C2 angles (129:3130.6) are, on average,°7

greater than the ReN3—C4 angles (122:9123.7). Steric

i eNC . (42) Geiser, U.; Ramakrishna, B. L.; Willett, R. D.; Hulsbergen, F. B.
,Stram is also revealed by th 2—CHs anglgs. NS—CZ—_CG Reedijk, JInorg. Chem1987, 26, 3750. Horrocks, W. D., Jr.; Ishley,
is 3.2-7.0° greater than N+C2—C6 (Supporting Information). J. N.; Whittle, R. R.Inorg. Chem.1982 21, 3270. Bencini, A.;
Both of these distortions, which have been noted for other Gatteschi, D.; Zanchini, dnorg. Chem.1985 24, 700. Phillips, F.
systems:‘? tend to displace the methyl group away from the L.; Shreeve, F. M.; Skapski, A. G\cta Crystallogr.1976 B32, 687.

o . . . Reedijk, J.; Verschoor, G. QActa Crystallogr.1973 B29, 721.
O=Re=0 axis. Steric hindrance also affects the overall (43) Kastner, M. E.; Fackler, P. H.; Clarke, M. J.; DeutschinBrg. Chem.

complex conformation by rotating the imidazole ligands about 1984 23, 4683.
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theup-up-downdownandup-dowrtup-downsequences around

the O=Re=0 axis are the most common, but top-up-up- 12§
down arrangement has been found in an ekxydroxo com-
pound. 1.0-
Views of molecular packing are given and commented on o
in the Supporting Information. Both oxo groups form hydro- g 0.8+
gen bonds in the three structures. In [REOMelmH)]- e
[B(CeHs)4]-3CH3OH, lattice MeOH molecules form strong o 0.6-
hydrogen bonds with ©-O separations of 2.64 and 2.69 A. 2 0.4
An extensive network of hydrogen bonds involving these MeOH ’
molecules and imidazole NH groups provides an important 0.2+
contribution to lattice cohesion. Hydrogen bonding is less
extensive in [Re@{1-Melm)][B(CeHs)4]-H20-0.5CH;OH, since 0.0 : : : : 2 : ,
the imidazole is N-methylated, but the oxo groups retain weaker 200 220 240 260 280 300 320 340
interactions with disordered water or MeOH molecules (2.79
A). In solvent-free [Re@5-MelmH)][B(CgHs)4], imidazole Wavelength (nm)
N—H groups act as donors in strong hydrogen bonds-(N Figure 2. Protonation of [Reg(1-Melm)]l (3.30 x 10> M) with
2.71 and 2.76 A)_ HBF, in methanol. H/Re ratio (from top to bottom at 270 nm): O,

Unit cell packing has been compared for the above structures?-12. 0.23, 0.70, 1.10.
and the [TcQ(1-Melm)]t and [TcQ(ImH)4 " complexes.

: 3200-3500 cn1?) is usually masked by bands due to lattice
[ReOy(2-MelmH)][B(CeHs)4]-3CHsOH differs from the other (
crystals by having the ®Re=0 axes of all cations oriented ~ SOVeNt. As to the(Re~OH) andd(Re—O-H) modes, expected

: ) 0 .
approximately along the same direction. More commonly, in 1N the 556-575 and 8061200 cn1 ranges’ respectively, they

[ReOx(5-MelmH),][B(CeHs)J] for instance, adjacent ions adopt are usually weak and not detected in the present case.

; ; ; Upon protonation, the color of the complex changes from
mutually perpendicular orientations. In the case of [R&©
Melm)J[B(CeHs)s]-H20-0.5CHOH, an intermediate situation ~ °range ([G=Re=0J") to purple ([C=Re-OHF") to deep blue

— 3+ i -
is observed: the cations are linked into a chain with which the (o _Re__OHZ] h). lProtonatlon of [Regl_ Mﬁlm)“]l was
O=Re=0 units are roughly aligned, but adjacent chains are StUd'edl'n met agp at rgor;: temp;]eratrlljre n t.e—ﬁeﬁg\;\m .
running in mutually perpendicular directions in the crystal. spectral region. Figure 2 shows the changes in the region
Protonation of [ReO,L4*. ReO(OEt)py> has been re- during th(_e first protonation in methanol. As HBB add(_ed to
ported to form when [Rey,] " is refluxed in the presence of the solt_mon of thetransdioxo complex, a net drop in the
HI in ethano2 With imidazoles, oxe-alkoxo compounds were absorption near 265 nm occurs, while a slight increase near 240
not obtained under these cor’1ditions from either ethanol or "M is observed. Protonation is quantitative in methanol, since
methanol. As soon as Hl is added, the solution takes the brightaOIOIItlon of excess HBFresuIts_ in loss of the isosbestic point
purple color of [ReO(OH)L]?" and salts can be isolated. A at 250 hm (s_eeHRez 1.10, Figure 2). In_water, protonation
broad range of conditions was tested with methanol. If the IS NOt quantitative in a 1:1 complex:HBixture, but proto-

solution is allowed to stand or if acid concentration is high, the nation can be achleved_ n concentrat_e(_j acids (see below).
color changes from purple to brownish red. Under refluxing The effect of protonation on the UWisible spectra parallels

conditions, decomposition is complete after2 h. The that observed for the pyridine analogue. Inan aqueous §o|ution,
decomposition products include free protonated ligand (identi- [ReO,(1-Melm);] " and [ReQ(}iZ-M%Im)Ll]* show ligand-field

fied from 'H NMR), I3~ and ReQ@", and an insoluble black ba_nlds afl431 nme(=_ 183 M™" cm ) a_nd 480 nm { = 32+1
material which has not been identified. Decomposition could M~ cm™, respeptlvely, ch_aracterlsnc of the fﬂRe=Q]

not be totally avoided even under the mildest conditions used, chromophore. This absgiptlon moves to lower energ|e§1upon
making it difficult to isolate pure stoichiometric phases, probably pro_tcl)nat|on ([G=Re~OHJ™": 1-Me|nj,1 536_ng =148 '\2+
because, 137, and Re@ can be interchanged as counterions cm % 1,2-Me,lm, 556 nm.e = 287 M cm; [O-Re-OH] :

and lead to nonstoichiometric materials (see below) or salt 1-Melm, 624 nm, :!.,Z-Mgm, 683 nm). The corresponglng
mixtures. Decomposition similarly occurred when HBkas values for the pyridine complex are as follows: $8e=0]",

; - 445 nm,e = 1200 Mt cm1; [O=Re—OH]?*, 504 nm,e =
used instead of HI. The B salts are more stable but ' ! ’ '
less soluble. 6Es)s 540 M1 cm™1; [0O=Re—OH,]3*, 605 nm3

Even though the reactions were run in methanol, [ReO(OMe)- The I.igand-based transjtions near .195 and 220.nm are not
LJJ2* is not formed in these samples isolated quickly after greatly influenced by the first protonation of an oxo ligand. The

addition of acid. An oxe-methoxo species would be detected LMCT band of [ReQ(py)a " moves from 331 nm to 297 nm

by NMR, since rheniumoxygen bonds are not labifé. Re— upo_n_protonatioﬁ. The _1-Me|m and 1,2-Mgm c_omplexes
OyCI—[; exchange with Ca))lgz to give Re-OCD should not exhibit the same behavior, the LMCT band moving to higher
take place over the few minutes needed to record the spectrumenerg'es’ from 255 to below 240 nm, where it gives rise to an

and a high-fieldtH NMR signal should be found for the Re intensity gain at~220 nm. L 0
OCH; group in fresh solutions. Similarly, any solvolysis of The second protonation is more problematic, since 100%

diprotonation is not reached at the highest acidity accessible
[ReO(OH)Ly]%" to [ReO(OCR)L 4% should produce an extra ;
set of imidazole signals, Which4are not obser¢ed. (pH —4). The absorption near 500 nm (monoprotonated form)

In the infrared, the [&-Re—OH]?" core shows a well-defined

(45) The relevant point concerning oxmethoxo species was raised by

v(Re=O)_ band in the 957973 cni ! range, in agreement with one of the reviewers. Although there is no evidence that [ReO(OMe)-
the published results for [ReO(OHJE" species with ethyl- L4]2* appears during the short residence times in solution used here,
enediamine (981 crﬁ) 30,31 pyridines (945-975 chl)33 and their formation over periods of days cannot be ruled out. This aspect
- . 1 25 - could not be examined because an unidentified insoluble black solid
macrocyclic ligands (952969 cn+).2> The »(O—H) band precipitated. [ReO(OkJL4]3"/[ReO(HOMe)L]3" exchange in the

trication could not take place under the conditions used here, all
(44) Kashani, F. F.; Murmann, R. Hnt. J. Chem. Kinet1985 17, 1007. experiments being run in concentrated acids containing no methanol.
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pKal, L = 1Melmn Since spectra of very dilute solutions10™> M were
particularly sensitive to decompositior]10-3 M samples were
used and protonation was studied in the visible ligand-field range
(300-900 nm), where extinction coefficients are appropriate.
Spectra were obtained for aqueous HCI solutions of pH from
—4 to +7.
20246 pH The acidity constari,, (eq 1) of the monoprotonated species
with 1-Melm was determined at ¥, because decomposition
took place much more slowly than at room temperature in the
pH 2—6 range. The less sensitive 1,2-Ma complex was

o [0=Re—OHJ*" = [0=Re=0]" + H"
w0 Ka, = ([0=Re=0]")(H")/([0=Re~OHI*") (1)

studied at room temperature. The changes in the visible region
when the pH is varied from 6 to 1 are shown in Figure 3a. The
pK values of 2.0 and-3.8 were determined from the pH at
half-neutralization in a plot of(550 nm) vs pH for the 1-Melm
and 1,2-Melm complexes, respectively.

trans-Dioxo systems with chelating amines havg,s of ~3
(ethylenediamine, 3.8%81,3-diaminopropane, 32;1,4,8,11-
tetraazacyclodecane, 2.9%, whereas [Re@CN)4]3~ protonates
at pH 3.7-4.2*° and [ReQ(CHzNH,)4]* is strongly acidic (a,
= —0.43)3% For a series of substituted pyridines, the proto-
nation constant of the rhenium complex roughly follows that
of the free ligand. The values for pyridine complexes typically
range from—0.6 to+0.8233with the 4-(dimethylamino)pyridine
complex having a ig,, value of 2.3

Wavelength (nm)

_ 3 . r— 2+ +
Figure 3. (a) Spectral changes accompanying the protonation of fReO [O=Re—OH,]"" = [0=Re-OH]"" +H

(1-Melm)]*. The pH varies from-1 to +6 from top to bottom at 550 K. = ([O=Re—OH]2+)(H+)/([O=Re—OH2]3+) 2)
nm. Inset: Absorbance measured at 550 nm. (b) Spectral changes &

accompanying the protonation of [ReO(OH)(1-Melff). The pH

varies from—4 to +1 top to bottom at 624 nm. Inset: Absorbance at The K4, values were only estimated. At acidities above pH
624 nm. —4, dissolution in viscous B0y is slow and decomposition
never totally disappears as the absorption near 640 nm grows 0 @ black insoluble product occurs in the meantime. The
At the same time, an intense band appears325 nm and it spectral changes in thel to —4 pH range are shown in Figure
trails in the visible, accounting for the greenish color of the 3P, @s well as the(624 nm) vs pH curve for the 1-Melm
solution (oxo-aqua complexes are expected to be bfge). complex. Curve fitting over this limited pH range could not

[ReO(OH)LyJ?* dissociates in water and NMR spectra were be applied in the absence of a clear plateau a high acidities to
essentially those of [ReDJ*. Spectra were recorded in Provide e for [0=Re—OH;]**. However, an approximate

DMSO, where the violet color indicates that the complex is valué of 450 M* cm™* was obtained by quickly scanning the
still largely present in the [ReO(OH)J2* form. The'H signals visible region of a solution in concentrated HBWhose blue

are shifted to a greater extent relative to the free ligand in DMSO color indicated a very high degree of protonation. From the
than for thetrans-dioxo species. Comparisons can be made €(624 nm) vs pH curve, i, can be estimated to be close to
between the [ReO(OHM2* and cobalt(llly-imidazole com- —4. Using the same strategy, ipvalue of~—4.1 was obtained
plexes® For the latter complexes, the three ring protons were [OF the second protonation of the 1,2-pfe complex.

displaced downfield by complexation, the shifts being greater ~ Literature records on the second protonation for related
for H2 and H5 ¢a. 0.5 ppm) than for H4 da. 0.15 ppm). systems are scarce. To our knowledge, the only published data
Similar trends are followed by our protonated Re compounds: O fhenium systems are those for [R€CN)]*" (pKa, = 1.3~

downfield shifts of 0.3/0.4 ppm were observed for H2 and 0.4/ 1-4f°and [ReQ(L—L)2]3+4(L—L = ethylenediamine;-0.9;*74
0.5 ppm for H5. The shift for H4 is large downfield (0.65 ppm) 1,3-diaminopropane;0.748). The imidazole complexes studied

for 1,2-Melm, smaller (0.08 ppm) for 1-Melm and in the " this paper are definitely more acidic than these systems.
opposite direction (-0.08 ppm) for ImH. It should be noted, _ Crystal Structure of [ReO(OH)(1,2-MezIm) (I sJoReOu)15
however, that, in the last case, these displacements are expressel’® €nvironment of the rhenium atom defines a distorted

with respect to the averaged H4/H5 signal of the ligand in fast octahedron (Figure 1d). The two rhenitoxygen bonds are
tautomeric exchange. not equivalent: Re02 (1.732(15) A) is definitely shorter than

Determination of Protonation Constants in Aqueous  ReO1(1.896(13) A), and both significantly deviate from those
Solutions. The complexes are unstable in acidic solutions, found in the G=Re=O units. The difference between our
decomposition producing visible spectral changes in both HCl R€~O1 and Re-O2 bond lengths is significant, although
and HBFR over periods of~10 min. Results for [Reg)l- smaller than what has been observed (1.685(8) and 1.970(8)

+ - + _
Melm),] " and [ReQ(1,2-MeIm)a]", the least unstable com (47) Murmann, R. K.; Foerster, D. R. Phys. Chem1963 67, 1383.

plexes in the series, are described here. (48) Lawrance, G. A.: Sangster, D. Folyhedron1986 5, 1553.
(49) Roodt, A.; Leipoldt, J. G.; Helm, L.; Merbach, A. Ehorg. Chem.
(46) Parker, D.; Roy, P. Slnorg. Chem.1988 27, 4127. 1992 31, 2864, and references cited therein.
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A) for [ReO(OH)(Ocyclam)}" (where Qcyclam= 1,4,8,11- complexes with pyridines and other imidazoles to keep the rings
tetraazacyclotetradecan-2-oAg)However, it is in good agree-  roughly aligned (within 22) with this direction. There are no
ment with those found for [ReO(OH)(CNj~ (Re—O = 1.70(1) particular constants in molecular packing that could explain this
and 1.90(1) AR Clearly, the complex studied is the oxo feature, since the available series of structures includes com-
hydroxo complex and not the ox@qua ion: in the case of plexes with pyridines and imidazoles, various counteranions,
Re(V) oxo—aqua species, the long R© bond is much longer  and different lattice solvents present. This could reflect a certain
(2.142(7) A5t The imidazole rings are tilted to minimize steric  degree ofz-bonding in the Re-N bond. Johnson and co-
hindrance, and coordination does not take place along the loneworker$4 have proposed that imidazole can act as-donor

pair direction, the ReN3—C2 angles (mean 130.pbeing in the iron(lll)—cyano core, where metal d orbitals of suitable
larger than Re-N3—C4 (mean 1227). I3~ is linear by symmetry are available and a number of Cigands can act
symmetry, and the-tl distance (2.925(3) A) is norm&t. as a goodr-acceptor sink. The possibility ot-donation is

_ ) less likely here, because the upright ligand orientation would
Discussion require a participation of the filledglorbital. Metal-to-ligand

trans[ReOsL 4]l complexes were obtained in very high yields, back-bonding remains possible, howevgr, i_nvolving donation
and conversion to the tetraphenylborate salts provided clean©f the two electrons of the metak,dorbital into an empty
samples suitable for X-ray diffraction. The iodides are also less imidazoles*-level. Nevertheless, the effect would likely be
prone to decomposition than the chlorides prepared earlier. Small, since some non-2-substituted ligands deviate from the
Generally speaking, the imidazole compounds form more _uprlght_orleptatmn in the Cr_ysFaI structures, t_he loss of this
readily than the pyridine analogues. The reaction with ReO interaction in the 2-m_gthyl|m|dazole derlva_tlves doe§ not
(PPh), takes place within minutes, even under stoichiometric a.pp'reuably affect stability, and spectroscopic properties are
conditions, whereas longer reaction time and large excess havesimilar for all systems.
to be used with pyridines. The imidazole complexes are also EVven thougttrans-dioxo imidazole complexes show greater
less sensitive to decomposition, which can be ascribed to greateStability towards ligand loss than those of pyridines, protonated
Re—N bond strength due to imidazoles being bettatonors ligand was detected in aged solutions of [RECR-MeIm),]-
(PKa Of LH* ~ 7) than pyridines (. = 5-6)53 Greater Cl,% and some of our compounds sometimes sho_wed_small
o-donation also makes the Re center electron richer and reduce@mounts of byproducts yet to be identified. Ligand dissociation
its ability to act asz-acceptor for the oxo group. As a Was also noted for water solutions of [TAQICI (L = ImH,
consequence, the R® double bond character is decreased, 1-MeIm, 4(5)-MelmH) even at pH 7. Under the same
as indicated by ther.{O=Re=0) IR stretching frequency condltl_ons, free_llgand was not usually detected in our samples,
(810 cn for pyridine, 780 cm for imidazole), whereas the but, at |r!termed|_ate pH (—24),. the complexes are not stable over
oxo groups become more nucleophilic (greatét, pf the long periods of tlmg. Worl'< is underway to determine the qature
O=Re—OH2* unit). In addition, imidazoles are less sterically of these new species, which are probably those responsible for
demanding than pyridines: the ring being five-membred, the the spurious NMR signals.
adjacent N-C bonds are displaced away from the-R¢ bond Acknowledgment. We wish to thank M. Simard, F. Be
and the substituents on tlhecarbons more remote from the |anger-Garipy, and A. M. Lebuis for help in collecting the
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complexes were obtained with 2-methylated imidazoles, whereasthe Raman spectra. Special thanks to M. Simard for help in
compounds with 2-substituted pyridines have not been reported.solving the structure of the oxeéhydroxo complex and to C.
The conformation of the complex is sensitive to the presence Reber and C. Savoie for assistance with the+¥i& experi-
of a 2-methyl group: the ligands are rotated5° with respect ments. The financial support of the Natural Sciences and
to the G=Re=0 axis, although there is a clear trend among Engineering Research Council of Canada is also acknowledged.
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