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Seven-Coordinate [REON4X]T Complexes (X= O and CI)’
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The oxorhenium(V) complexes with ligands containing (Nopmen) and NO, (Hz:bbpen, HClbbpen, and kt

bped) donor atom sets have been synthesized. X-ray crystallographic analyses of the;fiReD(ig}] *, [ReO-
(bbpen)t, and [ReO(bped)] complexes showed that all three cations share a rare seven-coordinate structure
with a distorted pentagonal bipyramidal geometry, which represents a novel and potentially general structural
motif in Re&=0 complexes!H NMR spectroscopy shows that the structures of the complexes are retained in the
solution.

Introduction Previously, our group has prepared various Re(V) and Tc-
(V) complexes with ligands containing neutral oxygen, anionic
oxygen, and phosphorus donor atolg8 As a follow-up to
those studies, seven-coordinate ReO complexes, sharing struc-
tural features similar to those in [ReO(qtp)(OYHICIO,, have
been prepared with aminopyridy! §pimen), aminopyridylcar-
boxyl (H.bped), and aminopyridylphenolate gbbpen and kK
Clbbpen) ligands. They represent a unique structural motif in
Re=0 chemistry upon which we elaborate herein in a new series
of seven-coordinate ReO monocationic species which is,
unexpectedly, quite general with the appropriate choice of
multidentate ligands.

The coordination chemistry of rhenium attracts burgeoning
interest partly because of its similarities to technetium, whose
radionuclide $°"Tc) is the workhorse of diagnostic nuclear
medicine!~” Recently, the radioisotopé&Re and'®®Re, which
have suitablgg-emitting properties, have been investigated for
potential use in therapeutic nuclear mediciié=or example, a
186Re complex with hydroxyethylidene diphosphonate (HEDP)
has been proven to be beneficial in clinical trials for the
palliation of bone pairt:5:8

Re'=0 complexes are almost exclusively five-coordinate
(square pyramidal geometry) or six-coordinate (octahedral
geometry). To our knowledge, there is only one seven-coordinate
Re=0 complex, [ReO(qtp)(OCE]ClO4, which has a distorted /\
pentagonal bipyramidal geometry in which the N4 donor ligand NH  HN
gtp forms a five-membered basal plane with the oxo O and has é T\Ej
two methoxides occupying axial positiohJhis geometry is U L
not seen in numerous other Re complexes containing pyridyl
or polypyridyl ligandst®12 Hapmen
[ReO(qtp)OCH )]

T Editor’s Note: An article on the same topic but with substantial errors A .
in crystallographic content was posted ASAP on April 1, 2000, and qtp = 2,21:6'2":6".2""-quaterpyridine
temporarily withdrawn. This article replaces the withdrawn article with the

i N N
crystallographic errors corrected. HOOC /~—\ /—COOH
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Seven-Coordinate [RON4X,]™ Complexes (X= O and Cl)

Table 1. *H NMR Data (200 MHz) for the Re(V) Complexes

Inorganic Chemistry, Vol. 39, No. 26, 2006959

H]'
Hei Hen Hj] Hey' Hl//,}/%
/ \ HOOC
N <o 0 N bped
bbpen
assignment [ReO(#pmen)CHCI-CH;OH? [ReO(bped)]B? [ReO(bbpen)]PE  [ReO(Clbbpen)]Pk  [ReO(bbpen}ReCk]¢

Hen 3.32(d, 2H) 3.65 (d, 2H) 3.61(d, 2H) 3.65 (d, 2H) 3140

en 3.47 (d, 2H) 4.18 (d, 2H) 4.26 (d, 2H) 4.28 (d, 2H) 4.14 (d, 2H)
H; 3.65 (d, 2H) 3.80 (d, 2H) 3.83(d, 2H) 3.75(d, 2H)
Hy' 3.77 (d, 2H) 4.63 (d, 2H) 4.64 (d, 2H) 4.52 (m, 2H)
H, 6.31(d, 2H) 6.34 (d, 2H) 6.32 (m, 2H)
Hs 6.95 (td, 2H) 6.96 (dd, 2H) 6.97 (t, 2H)
Ha 6.31 (t, 2H) 6.32 (m, 2H)
Hs 6.44 (d, 2H) 6.48 (d, 2H) 6.42 (d, 2H)
He 4.46 (d, 2H) 4.50 (d, 2H) 4.51 (d, 2H) 4.54 (d, 2H) 4.52 (m, 2H)
He' 4.88 (d, 2H) 5.22 (d, 2H) 5.36 (d, 2H) 5.33(d, 2H) 5.12 (d, 2H)
H- 8.89 (d, 2H) 9.12 (d, 2H) 8.17 (d, 2H) 8.23(d, 2H) 8.11 (d, 2H)
Hs 7.55-7.7 (m) 7.6-7.8 (m) 7.16 (t, 2H) 7.26 (id, 2H) 7.21 (t, 2H)
Ho 7.93 (td, 2H) 8.03 (td, 2H) 7.82 (td, 2H) 7.90 (td, 2H) 7.85 (t, 2H)
Hio 7.55-7.7 (m) 7.6-7.8 (m) 7.61 (d, 2H) 7.65 (d, 2H) 7.57, (d, 2H)

2 CD;0OD/D,0/DCI. ® CD;OD. ¢ DMSO-ds. @ This signal overlaps with residual water protons in the solvent.

obtained from Aldrich or Alfa and used without further purification.
N,N'-Bis(salicylidene)ethylenediamine fsalen):” N,N'-bis(2-hydroxy-
benzyl)ethylenediamine @ben)!® N,N'-bis(2-hydroxybenzyl)N,N'-
bis(2-methylpyridyl)ethylenediamine gbbpen)® N,N'-bis(5-chloro-
2-hydroxybenzyl)N,N'-bis(2-methylpyridyl)ethylenediamine ¢8lbb-
pen)® andN,N'-bis(2-pyridylmethyl)ethylenediaminig;N'-diacetic acid
dihydrochloride (Hbped2HCI)*® were prepared as previously described
in the literature. [ReOG[PPh),],%° K;[ReCk],?* and [(GHg)4N][Re-
OBr4]?? were synthesized by literature methods.

Instrumentation. IR (infrared) spectra were recorded as KBr disks
in the range 4000500 cnT?! on a Mattson Galaxy Series 5000 FTIR
spectrophotometer. Mass spectra(AsSIMS (liquid secondary ion

Cly): C, 43.32 (43.50); H, 5.71 (6.00); N, 14.43 (14.09). Mass spectrum
(+LSIMS): miz = 243 ([CiaH1oN4] ?).

[ReOCIy(H2pmen)]CI-CH30OH. [NH4][ReO4] (52 mg, 0.20 mmol)
and Hpmen4HCI (78 mg, 0.20 mmol) were suspended in methanol
(20 mL) with heating. Triphenylphosphine (52 mg, 0.20 mmol) was
added to the suspension, and the mixture was heated°&a ¥ 1 h,
resulting in a brown solution. Diethyl ether {5 mL) was added until
the solution turned slightly turbid, and the mixture was kept-a0
°C over a few days, over which time yellow crystals precipitated. Anal.
Calcd (found) for [ReOG[Hzpmen)]CHCH;OH (CisH22ClsN4OzRe):

C, 30.91 (30.86); H, 3.80 (3.75); N, 9.61 (9.67). Mass spectrum
(LSIMS): m/z= 515 ([ReOCl(Hzpmen)T’), 443 ([ReO(GsH16N4)]T).

mass spectrometry)) were obtained on a Kratos Concept Il H32Q with IR (cm™%, KBr disk): 927 fre0). The crystals were dissolved in

thioglycerol as the matrix. In one complex ([ReO(bbpdRé¢Ck]),

methanol with a drop of concentrated HCI; diethyl ether was allowed

mass spectra were obtained in both positive and negative ion detectionto diffuse into the mixture, and single crystals of [Reg{Bbpmen)]-
modes. C, H, N, and Cl analyses were performed by Mr. Peter Borda Cl-2CH;OH precipitated in a day or two. (Detailed chemistry of Re
in this department. NMR spectra were recorded on a Bruker AC-200E with the pmen ligand will be published elsewhéfg.

(*H, 'H—1H COSY) spectrometer and are reporteddas ppm from
external TMS (see Table 1).

Synthesis ofN,N'-Bis(2-pyridylmethyl)ethylenediamine Tetrahy-
drochloride (Hzpmen-4HCI). This was prepared by a variation on a
literature method?® To a methanol (30 mL) solution of ethylenediamine

[ReO(bped)]|Br-H;0. To a refluxing solution of Kbped2HCI (60
mg, 0.14 mmol) in 10 mL of a methanol/ethanol (2:3) mixture was
added sodium acetate (77 mg, 0.57 mmol) to produce a clear pale yellow
solution. The solution was refluxed for 10 min, and a red acetonitrile
solution (3 mL) of [BuN][ReOBI,] (100 mg, 0.131 mmol) was added

(5.39 g, 89.8 mmol) and 2-pyridine carboxaldehyde (20.27 g, 189 mmol) dropwise to give a clear green solution. Refluxing was continued for
was added sodium borohydride (8.49 g, 224 mmol), producing vigorous 30 min, and the solution was then stirred for 2 days at room temperature.
exothermic effervescence. After 2 h, the solvent was removed under A gray solid was recovered by filtration and recrystallized from ethanol.
reduced pressure and the resultant yellow solid was dissolved in 10%Anal. Calcd (found) for [ReO(bped)]BH.O (CigH22BrN4OsRe): C,

NH4CI (90 mL). The crude product was extracted with chloroform
(3 x 75 mL), and the combined fractions were dried (MgpQhe

33.11 (32.93); H, 3.70 (3.38); N, 8.25 (8.53). Mass spectrum
(LSIMS): mVz = 559 ([ReO(bped)]), 443 ([ReO(GsH16Ns)]™). IR

solvent was removed, and the yellow oil was dissolved in a minimum (cm™, KBr disk): 923 (re—0).

amount of ethanol. A white precipitate was produced when 12 M HCI

[ReO(bped)]ReQy-H20. Hzbped2HCI (20 mg, 0.035 mmol) and

was added to the ethanol solution, and the precipitate was collected by[NH4][ReOq] (11 mg, 0.039 mmol) were dissolved in 2 mL of ethanol.

suction filtration. Anal. Calcd (found) for }pmen4HCI (Cy4H22N4-

(17) Diehl, D.; Hach, C. Clnorg. Synth.195Q 3, 196.

(18) Wong, E.; Liu, S.; Rettig, S. J.; Orvig, Morg. Chem.1995 34,
3057.

(19) Caravan, P.; Rettig, S. J.; Orvig, Dorg. Chem.1997, 36, 1306.

(20) Chatt, J.; Rowe, G. Al. Chem. Socl962 4019.

(21) Watt, G. W.; Thompson, R. Inorg. Synth.1963 7, 189.

(22) Cotton, F. A.; Lippard, S. Jnorg. Chem.1966 5, 9.

(23) Branca, M.; Checconi, P.; Pispisa, B.Chem. Soc., Dalton Trans.
1976 481.

Triphenylphosphine (13 mg, 0.050 mmol) was added, and a gray
precipitate was produced. The mixture was heated for 30 min, and
another portion of NEReQ, (14 mg, 0.050 mmol) was dissolved with
heating. The supernatant was decanted off, and the gray solid was
washed with ethanol and dried under vacuum. Anal. Calcd (found) for
[ReO(bped)] [Re@-H20 (CigH22N4O10Re): C, 26.15 (26.29); H, 2.68
(2.77); N, 6.78 (6.41). IR (crt, KBr disk): 920 ¢re=0). Single crystals

(24) Xu, L.; Pierreroy, J.; Patrick, B. O.; Orvig, C. Submitted for
publication.
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Table 2. Selected Crystallographic Data
complex [ReO(Hpmen)C}Cl-2CH;OH [ReO(bped)][Re}-CHs;OH [ReO(bbpen)|P&
formula C15H260|3N403Re C19H24N4010Re2 C23H23F5N403PRG
fw 614.96 840.82 799.71
cryst syst monoclinic orthorhombic monoclinic
space group P2:/n Pca2; P2/c
a, 7.3495(4) 23.031(1) 11.9219(4)
b, A 13.7679(8) 8.7674(4) 10.1817(4)
c, A 20.492(2) 23.126(1) 12.7269(4)
$, deg 90.227(8) 111.001(1)
v, A3 2073.5(2) 4669.6(4) 1442.24(9)
z 4 8 2
Peale glcn® 1.970 2.392 1.842
T,°C —100(2) —100(2) —100(2)
radiation Mo Ko Mo Ka Mo Ko
A 0.71073 0.71073 0.71073
u, cmt 62.72 104.23 43.45
transm factor 0.3820.602 0.416-0.814 0.289-0.671
R2 0.0253 0.0304 0.0186
wR2 0.0571 0.0679 0.0505
final shift/esd max 0.004 0.001 0.002
AR = JIIFol = [Fell/3|Fol. WR2 = (X[W(Fo* = F)F/ X [W(Fo)) V>
Table 3. Selected Bond Lengths (A) and Bond Angles (deg) in the Three Complex Cations
[ReO(Hpmen)CH* [ReO(bped)j ¢ [ReO(bbpen)i
Re—0O(ox0) 1.682(3) 1.689(4)/1.687(4) 1.689(3)
Re—N(amine 1) 2.310(3) 2.320(4)/2.319(4) 2.363(2)
Re—N(amine 2) 2.286(3) 2.320(4)/2.320(4) 2.363(2)
Re—-X(1)¥ ¢ 2.361(1}y 2.014(4)/12.012(3) 2.002(2yb
Re—X(2)a ¢ 2.356(1) 2.017(5)/2.020(4) 2.002(2yP
Re—N(pyridine 1} 2.247(3) 2.232(4)/2.232(4) 2.257(2)
Re—N(pyridine 2} 2.254(3) 2.228(4)/2.227(4) 2.257(2)
X(1)—Re—O(oxo} 98.5(1) 102.8(2)/102.4(2) 101.73(6)
X(2)—Re—0(oxo) 99.3(1) 101.3(2)/101.4(3) 101.73(6)
X(1)—Re=X(2) 162.25(4) 155.9(2)/156.1(2) 156.5(1)
O(oxo)-Re—N(pyl) 77.2(1) 80.1(2)/79.9(2) 76.40(6)
O(oxo)-Re—N(py2) 77.7(2) 80.5(2)/80.7(2) 76.40(6)
N(am1)}-Re—N(pyl) 67.7(1) 68.4(1)/68.3(2) 67.38(8)
N(am2)-Re—N(py2) 67.5(1) 68.4(2)/68.5(2) 67.38(8)
N(am1l}-Re—N(am2) 70.0(1) 73.2(2)/73.0(2) 72.8(1)

a Symmetry operation used to generate equivalent atomss+ 1,y, —z+ Y,. X = O. ¢ X = Cl. ¢ Two unique molecules per asymmetric unit.

suitable for X-ray diffraction studies were grown from a methanol
solution as [ReO(bped)][RePCH;OH.

[ReO(bbpen)]PFs. Hzbbpen (93 mg, 0.20 mmol) was mixed with
50 uL of 8 M NaOH (0.4 mmol) in 5 mL of methanol. This solution
was then addedta 5 mLsuspension of ReOgPPh), (170 mg, 0.21
mmol) in methanol, and the mixture was refluxed for 1.5 h. The
resultant brown solution was cooled to room temperature, and NaPF
(35 mg, 0.21 mmol) was added. The mixture was left at room
temperature for slow evaporation eove 3 day period; the resulting
light red precipitate was collected by filtration from the dark greenish
brown filtrate, yield 35 mg (22%). Anal. Calcd (found) for [ReO-
(bbpen)]PE-0.5H,0 (CygH2oFsN4OssPRe): C, 41.58 (41.53); H, 3.61
(3.43); N, 6.93 (6.60). Mass spectrum (LSIMS)y¥z = 655 ([ReO-
(bbpen)t), 443 ([ReO(GaH16N4)] ). IR (cm?, KBr disk): 946 (re—

o). Crystals suitable for X-ray diffraction studies were grown from
CHsCN/methanol.

[ReO(Clbbpen)]PFs-H20. A procedure similar to that for the [ReO-
(bbpen)]Pk synthesis was followed using.8lbbpen (110 mg, 0.21
mmol). The same workup yielded 38 mg of [ReO(Clbbpeny]RR2%).
Anal. Calcd (found) for [ReO(Clbbpen)]BH20 (CagH25CIoFsN4O4-
PRe): C, 37.93 (38.14); H, 3.18 (3.18); N, 6.32 (6.21). Mass spectrum
(LSIMS): mVz= 723 ([ReO(Clbbpen}]), 443 ([ReO(GsH16Ns)]T). IR
(cm™1, KBr disk): 949 f/re=0).

[ReO(bbpen)L[ReClg]. To a 5 mL methanolic suspension of.K
[ReClk] (95 mg, 0.20 mmol) was added a mixture oftthpen (94 mg,
0.21 mmol) ad 8 M NaOH (50uL, 0.4 mmol) in 5 mL of methanol.
The mixture was refluxed for 23 h. After cooling to room temperature,
the solution was filtered. The brown product was collected, washed

with water and then E©, and dried in air, yield 38 mg (40%). Anal.
Calcd (found) for [ReO(bbpen]ReCl]*3H,0 (CseHeCleNsOgRes3): C,
38.16 (38.03); H, 3.55 (3.29); N, 6.36 (6.47); Cl, 12.07 (12.37). Mass
spectrum (LSIMS): m/z = 655 ([ReO(bbpen)]), 443 ([ReO-
(CrH16NL)] ™), 364[ReCl] . IR (cm 2, KBr disk): 946 ¢re—o).

X-ray Crystallographic Analyses. All crystal structure determina-
tions were completed at the University of Minnesota. Selected
crystallographic data are presented in Table 2. All specimens were
mounted on glass fibers at100 °C for individual data collections on
a Bruker SMART platform diffractometer. Initial cell constants were
determined from reflections extracted from 3 sets of 20 frames for each
specimen. Final cell constants were calculated from a large set of strong
reflections for each structure. The space group of each was determined
on the basis of systematic absences and intensity stafistiéach
structure was solved by direct methods, which provided all non-
hydrogen atoms. All non-hydrogen atoms were refined with anisotropic
displacement parameters. The hydrogen atoms were placed in ideal
positions and refined as riding atoms. The isotropic displacements of
the hydrogen atoms were also defined as riding on a function of the
calculated isotropic displacements from the respective bonded atoms.
Selected bond distances and angles appear in Table 3.

The space group for [ReOfHpmen)]Ct2CH;OH is P2;/n. The
chlorine anion is coordinated by a hydrogen bond from each methanol
and by two amine protons from theypinen ligand. The space group
for [ReO(bped)][Re@-CH3OH is Pca2;; however, there are two

(25) SHELXTL-Plus version 5.4; Siemens Industrial Automation, Inc.:
Madison, WI, 1999.
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formula equivalents in the asymmetric unit. This structure is problematic
because the contents appear to have a pseudo inversion center (local
center) in an otherwise polar space gréfiphe presence of the local
center causes an unstable least-squares refinémBond distances

and angles and anisotropic displacement parameters are adversely
affected. To this end, restraints were applied to steer the refinement
toward a chemically reasonable result. Tesymmetry of the [ReO-
(bped)]" group was advantageous in the application of these restraints.
The pair of [ReO(bped)]groups are strongly related by the local center.
One of the two [Re@)~ groups is disordered. Each methanol solvent

is hydrogen bonded to a [ReP group. The similarity of thex andc

axes indicated a need to check for possible pseudomerohedral twinning.
None was found; however, there was a small component of inversion
twinning present. Several large peaks remained in difference Fourier

maps after the initial refinement was complete with peaks ca. 2.5 e Fi —_— . T oati
_ - > gure 1. Thermal ellipsoid drawing of the [ReOgpimen)C}] " cation
A-3. One of these was close to O(3). The proximity of this feature in [ReO(H:pmen)CHCI-2CHOH showing the crystallographic num-

required the application of an anisotropic displacement parameter pering. Thermal ellipsoids for the non-hydrogen atoms are drawn at
restraint. The space group for [ReO(bbpen)BHP2/c. the 50% probability level.

Complete tables of crystallographic data, atomic coordinates with
equivalent isotropic displacement parameters, bond distances and angles,
anisotropic displacement parameters, torsion angles, hydrogen coordi-
nates and isotropic displacement parameters, and hydrogen bond lengths
and angles are available as Supporting Information.

Results and Discussion

A few different synthetic routes were used to prepare the
monocationic Ré&=0 complexes. [REO(L)]* (L = bbpen and
Clbbpen) were synthesized from two different starting materi-
als: R&OCIy(PPhy), and K[ReVCl]e. The substitution reaction
of ReYOCIy(PPh), with the ligands premixed with NaOH in
_the presence of _Nalaﬁﬁ methanol at reﬂu}_( temperature _result_ed Figure 2. Thermal ellipsoid drawing of the [ReO(bpeti)tation in
in complexes with P§ as the counteranion. The reaction with  [ReO(bped)][ReG] showing the crystallographic numbering. Thermal
K,[REVCl]e as a starting material involved the facile aerial ellipsoids for the non-hydrogen atoms are drawn at the 50% probability
oxidation of Re(IV) to Re(V), and the resulting monocationic level.
complexes precipitated as [Re(L)]J[ReCk]. A metathesis
reaction of [0-C4Hg)4N][ReOBr4] with HobpedHCI produced
an immediate precipitate ([ReO(bped)]Br) in high yield. Alter-
natively, [ReO(bped)][Re&) can be synthesized by reducing
[NH4][ReO4] with triphenylphosphine in the presence of the
ligand, as was done in the case of [Re&iBbpmen)]CtCHs-

OH. While bulk synthesis of [ReOgH,pmen)]CtCH;OH
resulted in microcrystalline material with one methanol solvate,
single crystals of the material contained two lattice methanol
molecules.

All complexes were characterized by IR, mass spectrometry,
elemental analysi#;l NMR, and, in the cases of [ReO(bbpen)]-
PFs;, [ReO(bped)][Req-CH30H, and [ReO(Hpmen)C}|Cl-
2CHOH, by X-ray crystal structure analysis. The infrared Figyre 3. Thermal ellipsoid drawing of the [ReO(bbpeh)ation in
[ReO(bbpen)]PE showing the crystallographic numbering. Thermal
(26) Marsh, R. E.; Shoemaker, V.; Herbstein, FAdta Crystallogr., Sect. ellipsoids for the non-hydrogen atoms are drawn at the 50% probability

B 199§ 54, 921. level.
(27) The two cations, anions, and solvents in the asymmetric unit are related
Q] i i 7 =1 . : . . .
by a surprisingly exact center of inversion near /g y = "/s. In stretching vibration/reo 0f the cationic complexes [ReO-

this situation large correlations are expected in the least-squares
refinement. Many different restraint/constraint models were tested prior (0PP€N)IPE, [ReO(bped)|[Red), and [ReO(Hpmen)C4ICl-CHs-
to settling on the one reported here. The presence of the local center OH were found to be 946, 920, and 927 cimrespectively.

forced the usage of a restraint/constraint model that maintained similar The values are typical of Re=O complexes with the latter two

1,2 and 1,3 bond distances for pseudosymmetrically related groups in 3
the cation, as well as those that were related by a noncrystallographic at the lower end of the reported valués?In the mass spectra

C.. Anisotropic displacement parameters of neighboring atoms were Of all the complexes, M parent peaks were observed. Another
restrained to have similar values as well. Likewise, the anions were predominant peak present in all the complexes is that of the

refined with similar restraints for positional parameters, but the [ReO(Gi4H16N4)]+ fragment, indicative of the loss of two apical
anisotropic displacement parameters were restrained to approximate 161%4 !

rigid group motion. Anisotropic displacement parameters of the solvent Pendent arms of the ligands for [ReO(bbpeéngnd [ReQ-
were restrained similarly. Release of any of these restraints diminished (bped)]", and of loss of two HCI for [ReO(kbmen)C}]*. This

the chemical reasonableness of the redultparticular, the bond fragmentation is also detected in lanthanide (Ln(??l)?)nd Fe-

lengths and anglesAccordingly, the addition of the restraints has 30 . 2
artificially loweredall esd values for bond distances and bond angles (Il1) % complexes with bbpén. The presence of the [Reft

by at least a factor of 2. The application of restraints has necessarily
averaged bond distances and bond angles, and those values should bé8) Botha, J. M.; Umakoshi, K.; Sasaki, Y.; Lamprecht, Gndrg. Chem.
viewed as such. 1998 37, 1609.
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cl(2)

N(am2) N(py2)

O(ox0)
N(py1)

N{am1)

ci(1)

[ReO(H,pmen)Cly]™

[ReO(bped)]”

Xu et al.

[ReO(bbpen)]”

Figure 4. Drawing of the coordinating atoms in the [ReQfithen)C]*, [ReO(bped)}, and [ReO(bbpen)] cations.

counteranion in [ReO(bbpen)ReCk] was confirmed by nega-
tive mode LSIMS and was consistent with the elemental
analysis.

Suitable crystals for X-ray crystallographic analysis were
grown for [ReO(bbpen)]Pf (from an acetonitrile/methanol
mixture), [ReO(bped)][Reg)-CH;OH (from methanol), and
[ReO(Hpmen)CHCl-2CH;OH (from methanol/diethyl ether).
The structures of the complex cations are remarkably similar
(Figures 1-4); along with a reported complex [ReO(qtp)-
(OCHg),]CIO4,° we believe, they represent a unique structural
motif in Re’=0 chemistry. All three metal complexes e
symmetric; the rhenium center in all the complexes is seven-
coordinate with a rarely observed distorted pentagonal bipyra-
midal geometry. The rhenium atom sits in a basal plane formed
by an oxo O and four N atoms. The basal planarity indicates
the degree of strain imposed by axial ligand linkage to the
ethylenediamine backbone. Specifically, the basal plane of
[ReO(Hpmen)Ch]t is almost perfectly planar; that of [ReO-
(bbpen)] is slightly skewed; and that of [ReO(bped)] is
significantly distorted, most likely by chelation of NGEOO~
units forming five-membered rings (Figure 4). This planarity
of the basal plane is also observed in [ReO(qtp)(Q&]EI0,,
in which the axial methoxide ligands are not linked to the basal
N4 unit. The basal pentagon is distorted, possibly to accom-
modate the ReO linkage: N(py}-Re—O(ox0) angles range
from 76.40(6j to 80.67(17), which pinch the N-Re—N angles
(67—72°) from the ideal value of 72 This is also mirrored in
[ReO(qtp)(OCH),]ICIO, (in which N(py)-Re—0O(ox0)~ 77.3
and N-Re—-N ~ 68.5).°

In all three structures, the two axial atoms are bent away from
the oxo (O(axial-Re—0O(0x0)~ 102 and C-Re—0O(ox0) ~
99°, as opposed to 90n an ideal pentagonal bipyramid). The

H,/H,

Hy

H/H,

i Hg H

H, HoHy, HiH, Hsli o H{ I H
TN R T

VRO W O SO O
“es 80 75 70 60 55 50 45 40 35 3.0

6.5
(ppm)

Figure 5. 'H NMR spectra of Hbbpen, in DMSOds (top), and of
[ReO(bbpen)]PEin acetoneds (bottom).

of typical Re-N bonds (2.16-2.27 A in R&O complexes§32
whereas the ReN(amine) bonds exceed this range, probably
because they are trans to the oxo group. The-@@xial)
distances £2.00 A) of the two relevant complexes are only
slightly different and are comparable to those in [ReO(qtp)-

degree of bending seems to be unaffected by the strain imposedOCHs)2]* (~1.98 A)® This lack of variance in the axial bond

by the linkage of the axial atoms to the basal unit, as verified
by the strain-free [ReO(qtp)(OGH]CIO, structure (O(axiaty
Re—0O(ox0) = 101.5(2));° and the axial coordinating atoms
do not significantly change the bending as there<& from
Cl to O ligands. The two axial atoms, oxo O, and Re form an
axial plane bisecting the molecule. The axial plane is perpen-
dicular to the basal plane in [ReOfpinen)C}]* (and [ReO-
(gtp)(OCH),] ™) without the ligand-imposed strain; otherwise
it tilts, slightly in [ReO(bbpen)} and significantly in [ReO-
(bped)f-.

The Re=0O bond lengths in the three complex cations are
almost identical, verifying the remarkable similarity of the three
complexeg831The Re-N(pyridine) bonds are within the range

(29) Setyawati, I. A.; Liu, S.; Rettig, S. J.; Orvig, Gorg. Chem.200Q
39, 496.

(30) Setyawati, I. A.; Rettig, S. J.; Orvig, Can. J. Chem1999 77, 2033.

(31) Rouschias, GCChem. Re. 1974 74, 531.

lengths, along with the observation that the-Re—O(axial)

bond angle remains the same in all the complexes, suggests
that the axial ligands are hardly affected by the rest of the
molecule.

The similarities of these complexes warrant a generalization
of some interesting and, indeed, surprising features of their
structures. (1) The complexes all have pentagonal bipyramidal
geometries with an oxo O and four neutral N atoms in the basal
plane; given the spatial and electronic demands of an oxo group,
one hardly expects to find it in the cluttered basal plane. (2)
Without ligand-imposed strain, the basal plane is perfectly
planar. (3) The anionic ligands occupy the axial positions, which
are distorted away from the oxo group, and the degree of
bending does not seem to be affected by the nature of the ligands
or the rest of the molecule. (4) The oxo O, the Re, and the
axial ligands form an axial plane bisecting the molecule.

(32) Lock, C. J. L.; Turner, GActa Crystallogr. Sect. B978 34, 923.
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IH NMR spectroscopy indicates that under suitable conditions lographic analyses of the [ReOgpien)C}] ™, [ReO(bbpen)j,
all three cations retain their solid state structures in solution. and [ReO(bped)] complexes showed that all three cations share
The assignments of all protons in all the complexes are presentedh rare seven-coordinate structure with a distorted pentagonal
in Table 1. As an example, spectra obdpen and [ReO-  bipyramidal geometry, which represents a novel, and potentially
(bbpen)t are shown in Figure 5; similar structural features in general, structural motif in Re=O complexes. The solution
solution were observed B NMR spectroscopy for the [ReO-  structures of the complexes are similar to those in the solid state,
(Hzpmen)C}]* and [ReO(bpedj] cations. Crystallographic data  as confirmed by théH NMR spectra.
indicate that all three complex cations &gsymmetric. This
feature is echoed in thelH NMR spectra: proton signals of
ethylene, methylene adjacent to the pyridine, and the methylene Acknowledgment. The authors gratefully acknowledge
of the pendent arms of the [ReOlLtations split into two sets ~ DuPont Pharmaceuticals for its support and the Natural Sciences
of doublets with coupling constants consistent with geminal and Engineering Research Council for a graduate fellowship
coupling. Also, there is only one set of pyridine (and oxobenzene (I.A.S.) and for operating grants. The authors wish to thank Mr.
in [ReO(bbpen)}) H resonances. Curiously, the chemical shifts Peter Borda for elemental analysis.
of the pyridine H resonances in [ReO(bbpéendfe lower than
those in [ReO(bpedi]and [ReO(Hpmen)C}]*; one is tempted
to.SpeCl'."ate about th(.e shielding effects of the nearby phenOIat_es[ReO(bbpen)]PEin acetoneds. For all the structures, complete tables
Minor dlfference.s aside, the fapt that ‘_"‘" the complexes retain of crystallographic data, atomic coordinates with equivalent isotropic
the seven-coordinate structure in solution suggests that they argjispjacement parameters, bond distances and angles, anisotropic
robust and that the structural motif they represent is potentially gisplacement parameters, torsion angles, hydrogen coordinates and

Supporting Information Available: H—'H COSY spectrum of

general. isotropic displacement parameters, and hydrogen bond lengths and
. angles. This material is available free of charge via the Internet at
Conclusions http://pubs.acs.org.

The oxorhenium(V) complexes with,dmen, Hbbpen and
H.Clbbpen, and bkbped have been synthesized. X-ray crystal- 1C001273Y





