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Factors influencing the orientation and dynamic motions of planar N-donor heterocyclic ligands (L) are of interest
since such features have broad relevance in metallobiochemistry [Marzilli, L. G.; Marzilli, P. A.; Alessio, E.
Pure Appl. Chem1998 70, 961-968]. We found thaj-oxorhenium(V) dinuclear complexes [ReQCLY—
O—[ReOCLL5LY bearing either symmetrical (& py = pyridine; 3,5-lut= 3,5-lutidine) or lopsided (l= Mes-

Bzm = 1,5,6-trimethylbenzimidazol&jis L ligands are particularly useful for studying these factors. NMR data
showed that terminal (hand stacked (§ ligands were exchanged by180° rotation about the ReO—Re bond
system. Such exchange occurred, however, between degenerate chiral conformers. Here we report a combined
X-ray structural and solution NMR investigation of tAé& + CC (racemig andAC (mes9 forms of two mixed-
ligandu-oxorhenium dimers that bear one lopsided and one symmetrical ligand on each Re atom, nagfaly, Re
Cly(py)2(MesBzm), (1rac and1mesg and ReOsCl4(3,5-lut)(MesBzm), (2rac and2mesq. The presence of two
differentcis L ligands in1 and2 breaks the local symmetry at each Re atom, so that, in the racemic dimers, the
exchange of terminal and stacked ligands leads to nondegenerate conformers. Overall, NMR data showed that the
unsymmetrical dimer& and2 undergo two dynamic processes contemporaneously, namel§/ydi&fion about

the Re-N(py or 3,5-lut) bond and coupled rotation about the-Re-Re/Re-N bonds. Both processes reach the
slow exchange limit below-80 °C. Rotation of py inl occurs faster than that of 3,5-lut & this difference is
attributed to the higher steric demands of 3,5-lut compared to py. For both dimers NMR data provided compelling
evidence of the preferred conformers in solution, including ligand orientations. Th& kmution structure of
Imesoand 2mesois chiral, the same as that found in the solid state2fmesg where the MgBzm on one Re

atom is stacked with the 3,5-lut on the other Re atom. The remainin@e and 3,5-lut, one on each Re atom,

are both terminal. In solution the coupled-R@é—Re/Re-N rotations interconvert the two halves of eanlkeso

dimer to yield the same overall stable chiral conformation. Forgttemicdimers, however, this process does

not interconvert one enantiomer into the other, but instead interconverts two rot&hensg R2, each of which

is chiral. We found that, in the case of bdiftac andZ2rac, the conformer with stacking symmetrical liganéslj

is roughly 1 order of magnitude more stable than that with stackingBlfa ligands R2). Moreover, the solution
conformation ofR1 is the same as that found in the solid statérafc. Solution- and solid-state data indicate that

the key interaction favoring the observed conformations is very likely the electrostatic attraction betwéen the
H2 atoms on the MgBzm ligands and the negative O and Cl groups in the core of the dimers. Finally, for both
mesoandracemicdimers we were also able to elucidate the preferred pathways of the coupled dynamic motions
and establish that, very likely, the two halves of the dimers swing back and forth1B@ through theanti
eclipsed form.

Introduction complexes, these features are difficult to assess since either the
orientations of these ligands are restricted by their incorporation

coordination of planar N-donor heterocyclic ligands (L) such iqto chelate rings or the ligands rotate freely aro.und the rﬂetall
as purines, pyrimidines, imidazoles, etc. In contrast to simple Mitrogen bond. In only a few cases are the ligand dynamic
ligands such as pyridine (py), these biological ligands are Processes slow enough for the pathways and the ligand
lopsided and have dipoles directed off the-M axis and lying ~ °rientation to be assessed. As part of a program aimed at
in the ligand plane. Such dipoles and the unsymmetrical steric investigating factors influencing the orientation and dynamic

properties of the lopsided ligands influence the dynamic and Motions of such ligands, we have been investigating some of
structural features of the complexes. In most simple metal the rare examples in which such assessments can be made. In

some cases the metals are abiological.
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long time? they contain the almost linear<€ERe—O—Re=0
moiety with theu-oxo bridge, and each Re atom bears ti®©
chlorides and two ligandain this study we examine th&A +

CC (racemig and AC (mes9 forms of compounds containing
two different ligands, namely, R®sCls(py)(MesBzm), (1; Mes-
Bzm 1,5,6-trimethylbenzimidazole) and ER&;Cls(3,5-
lut),(MesBzm), (2; 3,5-lut = 3,5-lutidine). Structural studies
by us and by others on R@;Cly(MesBzm), (3),34 RexOsCly-
(pyz): (pyz = pyrazine); Re0sCla(py)s (4),° and Re@OsCl4(3,5-
MeypzH), (pzH = pyrazolej have established a common
feature: in the solid-state conformation, one L ligand on each
Re atom is stacked with the corresponding L on the other Re
(LS for “stacked”), while the other is designated a5 for
“terminal”. We introduced the use of lopsided ligands in these
systems because the structure of@€I4(py)s in the solid state

led to the hypothesis that there might be restricted rotation in
solution® as we indeed demonstraté.

We developed a very informative strategy of comparing the
stereochemistry and dynamic behavior of analogous metal
complexes with symmetrical N-donor ligands and with lopsided
ligands of interest in biological systerddhis strategy has now
been adopted by othets)sing 2D exchange nuclear Overhauser
effect spectroscopy (NOESY/EXSY), we investigated the solu-
tion conformations of two oxorhenium(V) dimers, one with the
symmetrical ligand 3,5-lutidine, R@®3;Cl4(3,5-lut), (5), and the
other with the lopsided ligand 1,5,6-trimethylbenzimidazole,
Re03Cl,(MesBzm), (3).4 We found that both R€©3Cl4(3,5-
lut); and ReOsCly(MesBzm), have a complicated dynamic
behavior in solution that involves rotation about the—e-

Re bond system and also about the-Rebonds. These motions
exchange the stacking ligands with the terminal ones in a
pairwise fashion. The local symmetry on each Re atom required
that exchange occurred between two equivalent conformations
(topomers) with opposite chirality.

Two lopsided ligands attached to the same metal atooisin
positions can be related in a head-to-head (HH) or head-to-tail
(HT) orientation. In the present case, we define the H2 of-Me
Bzm (Chart 1) as the tip of the head. The stacked;Bzen
ligands of the RgOsCls(MesBzm), dimer can also have an HH
or an HT orientation, although in this case the ligands are on
different metal atoms.

We have recently developed a new synthetic approach that
allowed us to prepare unprecedented oxorhenium(V) dimers
having two differentcis L ligands on each Re atofi.When
the two N-donor ligands are different from each other, the

(1) Johnson, N. P.; Taha, F. I. M.; Wilkinson, G. Chem. Soc1964
2614-2616.

(2) The structural characterizations of two ins dimers, ReOsCla(1-
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reported: (RgOsCls(1-Meim)s) Pearson, C.; Beauchamp, A. Acta
Crystallogr. 1994 C50, 42—44. (ReOsCls(py)s) Fortin, S.; Beau-
champ, A. L.Inorg. Chim. Actal998 279, 159-164.

(3) Marzilli, L. G.; lwamoto, M.; Alessio, E.; Hansen, L.; Calligaris, M.
J. Am. Chem. Sod 994 116, 815-816.

(4) Alessio, E.; Hansen, L.; lwamoto, M.; Marzilli, L. G. Am. Chem.
Soc 1996 118 7593-7600.
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2384-2389. (b) Alessio, E.; Calligaris, M.; lwamoto, M.; Marzilli,
L. G.Inorg. Chem1996 35, 2538-2545. (c) Alessio, E.; Zangrando,
E.; Roppa, R.; Marzilli, L. GInorg. Chem.1998 37, 2458-2463.

(9) Velders, A. H.; Hotze, A. C. G.; Haasnoot, J. G.; Reedijkinarg.
Chem.1999 38, 2762-2763.
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Chart 1. Numbering Scheme and the Interligand NOE
Connectivity Path for the M@zm Ligand

aThe carbons are designated “B” (for benzimidazole) in the
references to NMR results in the text.

Scheme 1. Proposed Reaction Pathway from
merReOCE(OPPhH)(L;) to AA + CC (racemig andAC
(mes) Mixed-Ligand Dimeric Species [ReOf£L1)(L2)]—
O—[ReOCh(L1)(L2)], through the Unstable Chira/C
Intermediate [ReO(OH)G(L1)(L2)]2
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a2The eclipsed forms of the dimers are shown.

mononuclear hydroxo intermediate used in our new method is
chiral (Scheme 1). Therefore, a racemic mixtureAéfor CC
enantiomeric dimers will form from the combination of two
monomers with the same chirality, while &€ (mes¢ dimer

will result from the combination of two monomers with opposite
chirality.

These dimers, by virtue of lacking local symmetry on each
Re atom, have now provided new information on factors
influencing lopsided ligand orientation. In this paper we report
a combined X-ray structural and solution NMR investigation
of such mixed-ligand dimers. This new information benefits
from past related studies in which dimers bearing only a single
type of L ligand, either lopsided or symmetrical, were so
investigated:*

Experimental Section

Reagents. Analytical grade solvents were used without further
purification. All reagents, including CiZl, and CDC}, were from
Aldrich.

Starting Materials. ReOCk(OPPh)(MesBzm) was prepared by
known methodsg?

AA + CC Re;OsCla(py)2(MesBzm), (1rac). Pyridine (32uL, 0.4
mmol) dissolved in 10 mL of acetone was added dropwise to a
magnetically stirred suspensionmoerReOCLOPPhH)(MesBzm) (300
mg, 0.4 mmol) in 10 mL of acetone. The emerald green solution
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obtained after 30 min was stored at@ after removal (filtration over Table 1. Crystallographic Data forac-Re;OsCla(py)2(MesBzm),
fine paper) of some white precipitate. Deep green crystals suitable for (1rac) and mesoR&0sCl4(3,5-luth(MesBzm), (2mesq

X-ray investigation (hexagonal plates) formed overnight and were
removed by filtration, washed with water, cold acetone, and diethyl —
ether and vacuum-dried at 28 (yield 40 mg, 20%). Anal. Calcd for empirical formula  GoHaaN6CliOsRe  CaaHaoNeCliOsRe
CaHaNeCLOsRe: (MW = 1040.84): C, 34.6; H, 3.29; N, 8.07. 0.5(CH;),.CO

1rac 2meso

Found: C, 35.1; H, 3.41; N, 7.95. Selected IR absorption bands: KBr, fTWK %83?2;33 1133(62)01
1 1 i ’
VRe=0 96%10 m flm).’ VRe-0-re 687 em’ (vs). UVivis spectrum fmas cryst syst orthorhombic orthorhombic
nm (€, M~ cm™) (in CHCI; solution): 677 (350) br. Concentration
. . space group Pbcn(No. 60) Pbca(No. 61)
of the mother liquor yielded only a small amount wferReOC}-
) ) a A 14.384(4) 17.113(3)

(OPPR)(py). When the reaction was repeated in a smaller volume of  p, A 10.265(5) 20.744(4)
acetone, i.e., under the same conditions used®2f@gee below), an c, A 23.571(5) 23.302(6)
abundant emerald green precipitate formed withh after the reagents vV, A3 3480(2) 8272(3)
were mixed. The product was collected by filtration, washed with water, Z 4 8
cold acetone, and diethyl ether, and vacuum-dried &Cyield 115 A 0.71073 0.800 00
mg, 55%).'H NMR analysis showed it to be a mixture of “racemic” Pcaleay 9 CNTS 1.986 1.808
and “meso” dimer R€;Cly(py)(MesBzm), (lrac and1lmesq in a ca. w, mmt 7.297 6.149
1:0.5 ratio. R12 0.0628 0.0522

AA+CC Re0:Cla(3,5-ut)(MesBzm), (2rac). 3,5-lut (60uL, 0.52 wRZ 0.083% 0.1354
mmol) was added to a magnetically stirred suspensionmef- aR1=5||Fo| — |FI/T|Fol, WR2 = [SW(Fs2 — FR)YTW(F2)Z 2.

ReOCK(OPPh)(Me;Bzm) (300 mg, 0.4 mmol) in 7 mL of acetone.  bw = 1/[0%(Fs2 + (0.021%)2. ¢ 1/[0%F:2) + (0.0616)2 + 109.49
The mixture turned immediately from light to emerald green, and a P], whereP = [max(F.20) + 2FA/3.

precipitate of the same color rapidly formed and gradually replaced

the starting material. After 90 min the product was collected by detector being positioned at a distance of 100 mm from the crystal. A
filtration, washed with water, cold acetone, and diethyl ether, and total of 21 265 reflections were collected, 7028 of which were unique

vacuum-dried at 28C (yield 55 mg, 25%). Anal. Calcd for4gHa2Ne- (Rnt = 0.063). Data reduction and cell refinement were carried out
Cl,OsRe; (MW = 1096.97): C, 37.2; H, 3.87; N, 7.51. Found: C, ysing the program DENZ®. Reflections partially measured on the
36.9; H, 3.86; N, 7.47. Selected IR absorption bands: KR&o 970 previous and following frames were used to scale these frames to each
cm* (M), vre-o-re 688 CNT* (vs). UV/Vis spectrafmax nm (€, M~ other, a procedure that partially eliminated absorption effects while
cm™) (in CHCl; solution): 680 (360) br. also taking into account any crystal decay. Both the structures were

AC Re&;05Cly(3,5-Iut)o(MesBzm), (2mesq. The mother liquor of solved by the standard Patterson method and Fourier syntie&es.
the synthesis o2rac was concentrated to3 mL by rotary evaporation  difference Fourier map dfmesorevealed the presence of a disordered
(without heating) and stored at°€ after addition of a few drops of  acetone molecule (occupancy factor of 0.5 based on the electron density
diethyl ether. Emerald green plates formed overnight and were collected peaks). Final cycles of refinement (SHELXL-97)ith the contribution
by filtration, washed with water, cold acetone, and diethyl ether, and of hydrogen atoms placed at geometrically calculated positions (except
vacuum-dried at 23C (yield 20 mg, 9%). Anal. Calcd for £H2Ne- those of the acetone molecule 2mesg, converged to th& factors
C|403Reg'l/2(CH3)2CO (MW = 112601) C, 37.8; H, 4.03; N, 7.46. reported in Table 1.

Found: C, 37.6; H, 3.98; N, 7.42H NMR and IR spectra showed
that when the product precipitated as a microcrystalline aggregate, alsoResults
after being dried at 10€C for 10 h, it contained variable amounts of

acetone and diethyl ether. Selected IR absorption bands: #8f Previously we found* that treatment of ReOgMe;S)-
968 cnT! (M), Yre-o—re 690 CNT! (VS). UV/Vis Spectrumina, NM (¢, (OPPh)415with an excess of L (I= Me3Bzm, 3,5-lut, or py)
M-t cm1) (in CHCl; solution): 686 (430) br. in wet acetone or benzene leads to replacement of both tb® Me

NMR Spectroscopy.NMR spectra, recorded on a JEOL EX400 and OPP affording ReOsClsL4 dimers. Late? we found
spectrometer, were referenced to TM&. 1D data were collected that this dimerization can also be performed in a stepwise
typically with a 6000 Hz window, a 30pulse width, and 32K data  manner, thus opening a route to the formation of mixed-L
points. 2D parameters include a 5%21024 matrix, 16 scans pér dimeric species. Treatment of ReQ@®le,S)(OPPh) with 1
Ecremer}t prcfclededf t2)y3§ dummy scans, a fsgggtral Wi"do";’_"‘_’f 3720 equiv of L led to substitution of Mg only and formation of

z, a pulse delay of 2.36 s, a mixing time o ms, zero filling o
the second dimension to 1024 data points prior to Fourier transforma- ReQCl;.(OPPIa)(L). The crystal structure of .the NBzm
tion, and a square sine bell function with no phase shift applied in derivative mer—ReOCl;(OPPh)(Me;Bzm) e§tabllshed the ge,'
both dimensions. ometry10 Reaction of the latter with 1 equiv of py or 3,5-lut in

X-ray Crystallography. Crystal data and data collecton and @acetone having adventitious water led to the formation of the
refinement parameters for compouridac and2mesoare summarized ~ Mixed-ligand dimeric species R&;Cly(py)(MesBzm), (1) and
in Table 1. Unit cell parameters farac were obtained by least-squares  Re;03Cly(3,5-lut(MesBzm), (2), respectively® Dimers1 and
treatment of 25 reflections in th@range of 11-18°. A total of 5630 2 can be thought of as deriving from the condensation of two
data were collected at room temperature on a hexagonal prism-shaped)nits of ReO(OH)Ci(py)(MesBzm) and ReO(OH)G(3,5-
crystal (0.30x 0.30x 0.07 mm) using the»/26 scan technique ona |yt)(MesBzm), respectively (Scheme 1). Such hydroxo inter-
CAD4 Enraf-Nonius diffractometer, equipped with a graphite mono- mediates have also been postulated in the formation of

Tr:lgn;ietlit:sr (;I;l Ittr?rel\(/leostgt;ggjle:gggcgo:s ?ﬁggglrrid’&éuﬁﬁaxd:ataG(():oglllectionReZOSC|4L4 dimers> However, in our case the intermediate is
g chiral, and a statistical mixture (25:25:50) &A and CC

did not show any significant decay. The reflections were corrected for . . . -
Lorentz-polarization effects and used for structure determination. An (€nantiomerig and AC (mes9 dimers might be expected to
absorption correction, based on an empiriisiscan, was applied ~ form.

(maximum and minimum transmission factors (%) 99.9 and 83.7). Data
collection for2meso(small green plate with dimensions 0.6860.06 (11) Otwinowsky, Z.; Minor, WMethods EnzymollL997 276, 307—326.
x 0.02 mm) was carried out at the X-ray diffraction beamline of the (12) Sheldrick, G. MActa Crystallogr., Sect. A990 A46, 467-473.

- : . (13) Sheldrick, G. M. SHELXL-97, Program for crystal structure refine-
Elettra Synchrotron, Trieste (Italy), on a 30 cm MAR imaging pldte ( ment, University of Gtingen, Germany, 1997,

= 0.800 A by using a double-crystal Si(111) monochromator). A total (14) Grove, D. E.; Wilkinson, GJ. Chem. Soc. A966 1224-1230.
of 23 frames were collected at 100 K over a quarter of the reciprocal (15) Bryan, J. C.; Stenkamp, R. E.; Tulip, T. H.; Mayer, J.INbrg. Chem.

space with rotation of 4aboutg with a fixed dose of radiation, the 1987, 26, 2283-2288.
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C3_ C4 Table 2. Selected Coordination Bond Lengths (A) and Angles
(deg) and Some Relevant Geometric Parameters for Dimers
rac-Re0sCls(py)2(MesBzm), (1rac) and
mesoRe,03Cl4(3,5-lutp(MesBzm), (2mesg

1rac 2meséd
Re—0(2) 1.671(7) 1.669(7) 1.683(7)
Re-0(1) 1.915(1) 1.899(7) 1.923(7)
Re—N(2) 2.120(8) 2.100(9) 2.131(8)
Re—N(1) 2.156(7) 2.164(9) 2.135(8)
Re—CI(1) 2.368(3) 2.376(3) 2.376(2)
Re—CI(2) 2.387(3) 2.399(3) 2.366(2)
0O(2)—-Re-0(1) 170.0(3) 170.2(3) 168.6(3)
0O(2)-Re—N(2) 90.9(3) 91.0(4) 88.6(3)
Figure 1. ORTEP drawing of the complesac-Re0sCla(py)(Mes- O(1)-Re-N(2) 85.0(2) 85.6(3) 82.4(3)
Bzm), (1rac) with thermal ellipsoids at 40% probability. Only atoms O(2)-Re-N(1) 87.6(3) 85.7(3) 88.7(3)
of the crystallogaphically independent part are labeled. O(1)-Re=N(1) 83.5(3) 85.2(3) 83.9(3)
N(2)—Re—N(1) 91.9(3) 92.6(3) 87.4(3)
0O(2)—Re-CI(1) 97.5(3) 98.1(3) 97.7(2)
O(1)-Re-CI(1) 91.4(3) 91.0(2) 89.6(2)
N(2)—Re—CI(1) 87.7(2) 87.7(3) 91.8(2)
N(1)—Re—CI(1) 174.8(2) 176.2(2) 173.5(2)
0O(2)-Re-CI(2) 95.7(2) 94.4(3) 97.5(2)
O(1)-Re-CI(2) 88.82(8) 89.2(2) 91.3(2)
N(2)—Re—CI(2) 173.2(2) 174.5(2) 173.6(3)
N(1)—Re—ClI(2) 90.3(2) 88.8(2) 90.7(2)
Cl(1)—Re-CI(2) 89.65(9) 90.60(9) 89.45(9)
Re—O(1)-Ré 176.9(5) 175.1(4)
Re—-N2—-C6 121.7(7) 123.3(7) 123.3(8)
Re—N2—-C8 131.6(8) 132.7(7) 129.1(8)
Ns—Re--Re&—Ns —23.8(4) —24.6(3)
Ni—Re--Reé—N! 151.4(4) 154.5(3)
interbase angke 53.5(3) 55.9(3) 58.3(3)
W\ 45.8(2) 44.7(3) 51.4(3)
MesBzm/N.Cl, 42.6(2) 39.8(3) 42.2(2)
Figure 2. ORTEP drawing of the complexnesoRe0sCla(lut),(Mes- 2 The second column &mesorefers to the primed atoms of Figure

Bzm), (2mesQ and atom labeling scheme (thermal ellipsoids at 40% 2.° Angle between bases at the same méta/5-lut in 2meso
probability).

NMR and X-ray structural studies (see below) proved that
the poorly soluble emerald green precipitates formed after
ReOCk(OPPh)(MesBzm) was mixed with py and 3,5-lut are
racemic mixtures oRA + CC enantiomeric dimersac-Re,0s-
Cla(py)2(MesBzm), (1rac) or rac-Re03Cl4(3,5-utp(MesBzm),
(2rac), respectively. A second green precipitate was isolated in
pure form from the concentrated mother liquor Zr&c; its
elemental analysis, UV/vis and IR spectra are almost identical
to those of the first precipitate, but il NMR spectrum is
remarkably different from that &rac. This product was shown
by NMR and X-ray structural investigation (see below) to be
the AC (mes9 form of the same dimemeseRe03Cl4(3,5-
lut)>(MesBzm), (2mesq@. Concentration of the mother liquor
of 1rac led to the isolation of only sommerReOCE(OPPh)-

(py), indicating that substitution of MBzm rather than of
OPPRh had also occurred in the precursor. The corresponding
pyridine dimers could be obtained only in a ca.1tag):0.5
(Imesd mixture by performing the synthesis in a more
concentrated solution. We also found that cooling a solution of
2mesoin the minimum volume of acetone after it had been
heated at reflux for 30 min yielded a green precipitate. This
was identified by NMR as the less solul#feac mixture.

Structural Studies. Theracemicform of ReOsCls(py)(Mes-
Bzm), (1rac) and themesoform of ReOsCl4(3,5-luth(Mes-
Bzm), (2mesq crystallyzed. Both structures (Figures 1 and 2

similar within experimental error, and no relationship to the
basicity of the N ligands is apparent. The Rel, the Re-
O(bridge), and ReO(terminal) distances dfrac are compa-
rable within their esd’s with those detected2mesq and also
with those found in dimer8* and 4.6 The metals in both the
structures are slightly displaced (up to 0.12 A for Re2mesg
from the equatorial BCl, mean plane (maximum deviation
being £0.015 A) toward the terminal oxo ligand. For all the
MesBzm ligands, the ReN(2)—C(6) and Re-N(2)—C(8) bond
angles are close to about *22nd 132, respectively. Such an
unsymmetrical coordination disposition of Mezm is a well-
documented feature of Ru(#land Co(lll) complexes® More-
over the N ligands are rotated about the respectivefRbond

by ~40—50° away from coplanarity with this pCl, plane. The
dihedral angles formed by the ligand mean planes are 53.5(3)
(py/MesBzm in 1rac) and 55.9(3) and 58.3(3) (3,5-lut/Mes-
Bzm in 2mesq (Table 2).

Rotation of the two halves of the dimer about the-Re
vector away from an eclipsed conformation allows stacking of
the pyridines inlrac and a 3,5-lut/MgBzm pair in2meso A
perspective view of the intramolecular stacking interaction is
shown in Figure 3. The shortest interplanar distance between
the facing bases is 3.14 A (pin 1rac) and 3.21 A (lut—Mes-
Bzm® in 2mesq. If the intermetallic Re-R€ vector is treated

(16) (a) Yohannes, P. G.; Bresciani-Pahor, N.; Randaccio, L.; Zangrando,

and Table 2) contain a nearly linear®e—O—Re=0 group; E.; Marzilli, L. G. Inorg. Chem.1988 27, 4738-4744. (b) Parker,
in 1rac theu-oxo ligand is located on a crystallographic 2-fold W. O, Jr.; Zangrando, E.; Bresciani-Pahor, N.; Marzilli, P. A.;
axis relating the two halves of the dimer. In both dimers the ~Randaccio, L.; Marzili, L. Glbid. 1988 27, 2170. (c) Charland, J.-

S . P.; Attia, W. M.; Randaccio, L.; Marzilli, L. GOrganometallicsLl99Q
coordination about Re is pseudooctahedral. The-IRéond 9, 1367-1375. (d) Charland, J.-P.; Zangrando, E.; Bresciani-Pahor,

lengths, ranging from 2.100(9) to 2.164(9) A (Table 2), are N.; Randaccio, L.; Marzilli, L. GInorg. Chem1993 32, 4256-4267.
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Figure 3. Side view of the complexemc-Re0sCly(py)(MesBzm),
(1rac) (top) and mesoRe&O;Cl4(lut)2(MesBzm), (2mesg (bottom)

160 °C
showing the base stacking. The full bonds pertain to the front Re atom. ___Jj:l 41"

as a bond, the N-Re--R€é—Nstorsion angle is 23.8(4)n 1rac
and 24.6(3) in 2mesq respectively; these are comparable to
values of 28 and 23 found in ReOsCly(Me3sBzm), (3)* and
Re0:3Cla(py)s (4),6 respectively. On the other hand, the two
terminal bases are far apart and the-Re--Re€—Nt “torsion
angle” is 151.4(4)in 1rac, the corresponding figure iBmeso
being 154.5(3). These values are comparable to 152ahd
155.7 found in 3 and4, respectively®

The overall molecular conformation with pairs of stacking

Alessio et al.
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Figure 4. 'H NMR spectra ofac-Re;0;Cl4(3,5-luth(MesBzm), (2rac)

in CD,Cl; at various temperatures in the downfield (A, left) and upfield
(B, right) regions. Signal assignments for the stacked (s) and terminal
(t) ligands are indicated. Signals 82 protons are marked with an
asterisk.

spectra; assignments of MBzm and 3,5-lut signals were made
by means of NOESY spectra (see below). As in previous papers,
in discussing the MgBzm parameters, we use the numbers in

and terminal bases of the present complexes is very close toChart 1 and refer to carbons as B2, etc. TheB&en shifts are

that found for RgOsCly(MesBzm), (3)* and ReOzCla(py)s (4).6

In particular, the overall conformation dfac resembles that
of 3, with the pyridines replacing the two stacking jem
ligands (MeBzn¥), while that of2mesocan be similarly derived
from that of3 by replacing the MgBzm® on one Re atom and
the MgBzmt on the other with 3,5-lut ligands. The conforma-
tions of 1Irac and 2mesoin the solid state are both chiral; the

remarkably similar for dimerdrac and 2rac; this is true as
well for dimers Imesoand 2meso(Supporting Information).
On the contrary, the MBzm resonances of bothcemicdimers
are remarkably different from those of the correspondivegso
forms. These results indicate that the members of each pair of
dimers have very similar conformations in solution.

The small number of NMR resonances observedLfand2

dimers crystallize in centrosymmetric space groups, and there-at ambientT suggests that both dimers, like the similgs
fore the chiral rotamers exist as enantiomeric pairs in the unit symmetric RgOsCly(MesBzm), and ReOsCly(3,5-luty, dimers34

cells.

are fluxional molecules. At 20C all py resonances dfrac

The staggered conformation allows two bases to stack, evenand 1Imesoare sharp, but several 3,5-lut signals2néc and

if both are canted with respect to the®l, plane. In asyn

2mesoare slightly broad Racemicand mesodimers will be

eclipsed conformation, two pairs of bases would be aligned addressed separately.

between the two halves of the dimer; however, because they AA + CC Dimers lrac and 2rac. Below 0°C, all peaks of

are canted, the bases could not stack. Additionally, there would rac-Re;O3Cl4(3,5-lut),(MesBzm), (2rac) are broad and nearly

be electrostatic repulsions between the chloro ligands. Thereundetectable at ca-50 °C. However, at very lowl (—80 °C)

are other possible conformations with the overall staggered the signals sharpen and two sets of resonances with a ca. 7:1
structure. For example, the lopsided ligand could point in the intensity ratio emerge (Figure 4); in the major set, six aromatic
direction opposite to that found in the crystals; in the case of and five methyl singlets are observed. Thalependence of

Irac, the lopsided MgBzm ligands could be stacked. However,

the key type of interaction that favors the observed conforma-

tions is very likely the attractive interaction between the positive
head of terminal MgBzm ligands, defined by the H2 end, and

the spectrum ofac-Re03Cls(py)(MesBzm), is qualitatively
similar to that of2rac (intensity ratio between the two sets ca.
10:1 at—100 °C), even though at-100 °C some pyridine
resonances are still rather broad. AL00 °C the MeBzm

the negative, central core of the dimer, i.e., the nearly eclipsed resonances in both sets of signalslodc are very similar to

Cl groupstrans to the py ligands inlrac (two electrostatic
attractions) antransto lutt—MeBzn? in 2meso This interaction
dictates the MgBzm orientation.

NMR Spectroscopy.At 20 °C both RgOsCla(py)(MesBzm),
(1rac and1mesq and ReOsCl4(3,5-luth(MesBzm), (2rac and
2mesQ have only one set of resonances, with the chemically,
but not magnetically, equivalent protorns-(@@ndj-H in 1 and
o-H and -CHz in 2) having a single resonance with double
intensity compared to the aromatic and methyl signals of-Me

those found in the corresponding set2cdc. Therefore, it is
clear thatlrac and 2rac undergo similar dynamic processes.
AC Dimers Imesoand 2meso As for 2rac, all the signals
of mesoRe05Cly(3,5-luth(MesBzm), (2mesg broaden con-
siderably below ®C and are nearly undetectable at e&0
°C. At —80 °C two sets of signals of equal abundance appear
and become relatively sharp atLl00 °C, totaling 12 aromatic
and 10 methyl resolved singlets (Figure 5).
TheT dependence of thi NMR spectrum ofmesoRe0z-

Bzm. Pyridine resonances were assigned by means of COSYCly(py)2(MesBzm), (Imesq is qualitatively similar to that of
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Figure 5. 'H NMR spectra ofmesoR&0sCly(3,5-lutp(Me;Bzm),
(2mesq in CD.Cl, at various temperatures in the downfield (A, left)
and upfield (B, right) regions. Signal assignments for the stacked (s)
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ligands are unlikely to rotate freely even at ambidtft For
Cx-symmetrical ligands, such as 3,5-lut, the number of NMR
signals expected depends on the rate of ¥8€ation about the
Re—N bonds. For fast 180rotation, 3,5-lut would give one
sharp resonance for each proton type (oeH, 5-H, andy-H),
since rotation averages the signals of the chemically but not
magnetically equivalentt-H atoms ands-H atoms. For very
slow 180 rotation, 3,5-lut would give ong-H, but two o-H
and twop-H signals. Therefore, if at low only Re—N rotation
is slowed, broadening is expected for theH and g-H
resonances but not for theH signal, since this proton lies on
the axis of rotation. However, if ReO—Re rotation is also
slowed, broadening of thg-H signal will also occur. We had
established that iB the two dynamic processes, i.e., dynamic
inversion of chirality and 180rotation about the ReN bonds,
occur together, on about the same time scale, even though
rotation about the ReO—Re system and the coupled90°
rotation is faster than 18Qotation about the ReN bonds?

Now we apply the above reasoning to the case$ and 2.
First, the number of resonances at’@indicates that at ambient
T exchange of terminal and stacking positions is fast and that
the py and 3,5-lut ligands are in rapid rotation about the-Re
bond on the NMR time scale. At lowel, for both rac and
mesodimers they-H signals broaden (see below for assign-

and terminal (t) ligands are indicated. Traces of acetone and diethyl Ments) and then split, indicating that rotation about the-Re

ether are marked with x and y, respectively.

O—Re bond system has reached the slow limit. Eagemic
dimer,1rac and2rac, has two rotamers in about the same ratio.

2meso However, the pyridine resonances of both sets, and of The low-T spectra suggest that the major rotamdRd)(are

one in particular, are still broad at the lowdsteached in Cp
Cl; (—110 °C), making COSY connections within each set
almost undetectable. Moreovdmesowas always obtained in
an approximately equimolar mixture wittrac, and several
resonances of the two isomers overlap in the Ibapectrum,
further complicating the spectral assignmentlofeso

Discussion

Dynamic Processedn discussing the solution structure and
dynamic behavior of and?2, we first review our results on the
Co-symmetric dimers R©3Cly(MesBzm), (3) and ReOsCly4-
(3,5-luty, (5).34 Two types of dynamic processes influence the
NMR spectrum of such dimers: (1) rotation about the-iRe-

Re bonds and (2) rotation about the-R¢ bonds; combinations
of the two processes can occur.

A ~180 rotation about the ReO—Re bond system (either
one~18(C rotation about one ReO bond or one~90° rotation
about each ReO bond) exchanges the stacking ligands with
the terminal ones in a pairwise fashion and, when it is fast on

the NMR time scale, involves the averaging of their resonances.

We had shown that, i€,-symmetric ReO3Cl4(L)4 dimers, such
as3 and>, this overall dynamic process inverts the chirality of

similar, as are the minor rotameiR2). Themesadimer appears

to have only one rotamer. However, if we assume that all these
rotamers maintain the conformation of the,ReCl4 unit found

in the solid, all rotamers are chiral and exist as enantiomeric
pairs. The variable-temperature (VT) NMR spectralofeso
and2mesosuggest that at low the two halves of the rotamer
occupy inequivalent positions; the two halves exchange positions
slowly on the NMR time scale.

Moreover, in all cases the loW-spectra demonstrate that each
o-H andg-H resonance of th€,-symmetric ligands splits into
two, thus indicating that rotation about the Re(py or 3,5-
lut) bond has also decreased to the slow domain on the NMR
time scale. In particular, eaetxH andS-CHs; resonance of 3,5-
lut in the major set splits into two below60 °C in 2rac; the
analogous splitting occurred at lowE(below—80 °C) in lrac.
Since the splitting of thex-H resonances ifdrac is slightly
larger than that in the 3,5-lut dim@rac (1.55 »s 1.30 ppm),
this T dependence clearly shows that the rate of rotation about
the Re-N bond is faster for the py ligands iimac than that for
the 3,5-lut ligands irrac.

2D NMR Spectral Results.2D NMR spectral assignments
were performed only on the two isomers of ;RgCls(3,5-

the dimer, and since the L ligand planes lie between the adjacentlut)(MesBzm), 2rac and2meso These isomers have greater
bonds and not along them, at some point during the inversion solubility and reach the slow-exchange limit at higffethan

each of the L ligandsnustalso rotate by a net90° about the
Re—N bond. The two motions;-180° Re—O—Re rotation and
~90° Re—N rotation, are coupledi.

Even though several types of motion about the meal
bonds can be envisioned, we found only 18&ations for 3,5-
lut in 54 We found a similar result forcis,cis,cissRuCh-
(MexSO)(L)(L") complexes. In general, for lopsided ligands
such as MgBzm, the same number of NMR resonances is
expected whether the ligands rotate freely about the-fRe

bonds or maintain a fixed orientation. We had established that,

in Re03Cly(MesBzm), (3), aside from the net-90° Re—N
rotation accompanying inversion of chirality, the jem

do the corresponding isomers of ®gCls(py)(MesBzm),. The

spectra at ambieritdemonstrated that the 3,5-lut and py analogs

have the same overall structure.
rac-Re,03Cl4(3,5-lut),(MesBzm), (2rac). There are es-

sentially three different types of cross-peaks in the bw-

NOESY/EXSY spectrum ofrac: (i) intraligand NOE peaks;

(ii) intraligand exchange peaks (and exchange-NOE peaks); (ii)

exchange peaks betwe&1 and R2. At both —90 and—100

°C there are clear NOE cross-peaks linking adjacent groups of

the same ligand in the major conformRd. The signals for

3,5-lut were easily distinguished from those ford@em (Figure

4). The assignments of all MBzm signals were made from
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Figure 6. 2D *H NOESY/EXSY spectrum orac in CD,Cl, at —90 of 2mesoin CD,Cl, at —100°C. The exchange pathways between the
°C. The exchange pathways betwéehandR2 are shown. Intramo- o halves of the dimer due to the R&—Re/Re-N motion are shown.
lecular NOE cross-peaks are labeled with the pair of protons involved. |niramolecular exchange cross-peaks are marked with an asterisk.
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the two cross-peaks betwees andSs/5’s, marked with two asterisks,  Re-O-Re/Re-N rotations are marked with two asterisks. A number
onekls an NOE cross-peak, while the other is an exchange-NOE cross-of minor peaks, due to partial decomposition2sesq are labeled
peak. with x.

.
Y

the characteristic most downfield B2H signal and the NOE and the exchange af-H with o' —H within each set by 180
connectivity pathway, 212—7—11-10—4 (Chart 1). At—90 rotation of each 3,5-lut about the R8&l bond. A similar
°C the pairs of-H andj-CHjs resonances of 3,5-lut iR1 are exchange pattern was found for tffeCH; resonances. The
linked by strong exchange cross-peaks; exchange-NOE crossslightly different rotation rate of the 3,5-lut in the two sets
peaks between-H and3-CHs resonances are also present due allowed us to distinguish unambiguously theH resonances
to 180 Re—N rotation that exchanges the two halves of the belonging to each 3,5-lut. The intraligand NOE pathway, even
ligand. Thus, all resonances R1 were assigned unambigu- though affected by the exchange-NOE cross-peaks of compa-
ously. Moreover, in the NOESY/EXSY spectrum-a90 °C, rable intensity, then allowed us to assign f«€H; and y-H
each resonance of the major s&lj, with the exception of resonances. Interestingly, the exchange cross-peaks between the
o-H (a-Ht resonances are too broad), is related by an exchangetwo sets are more intense than those deriving from the rotation
cross-peak to a resonance of the minor §&2)((Figure 6), about the Re-N(3,5-Iut) bond (in particular for the “slow” set),
allowing us to assign all resonancesR# (Supporting Informa- thus suggesting that, even though both dynamic processes are
tion). Our assignment of cross-peaks as NOE or exchange peakslow on the NMR time scale, rotation about the-Rg3,5-lut)
was readily confirmed by the NOESY/EXSY spectrum-at00 bond is the slower. A similar conclusion was reached faxd3e
°C. The intensities of EXSY peaks betwe&il and R2 Cly(3,5-luty, (5).4
decreased considerably; thus, the cross-peak distinction is The final task of determining which sets of signals belong to
unambiguous. The sharper 3,5-lut resonances-200 °C which half of the rotamer rested on chemical shift dispersion
allowed observation of intraligand exchange cross-peaks evenand the few interligand NOE cross-peaks (see below).
for the minor conformeR2. Indeed, we could even assign one Solution-State Structures.rac-Re;03Cl4(3,5-lut)(MesBzm),
3,5-luta-H resonance oR2 that overlaps with BH7 oR1 and (2rac). In the major rotamer o2rac, R1, the shifts of MgBzm
y-H of R2. are very similar to those of MBzm in Re;03Cly(MesBzm),
meseRe;03Cl4(3,5-1ut),(MezBzm), (2mesqg. As found for (3), while the shifts of 3,5-lut are quite similar to those of 3,5-
2rac, the 3,5-lut signals were easily distinguished from those luts in Re03Cl4(3,5-lut), (5) (Supporting Information}. This
of MesBzm in the VT spectra oPmeso (Figure 5). In the result demonstrates that the solution conformatioR bbf 2rac
NOESY/EXSY spectrum at 100 °C the characteristic intrali- is the same as that found in the solid statelidc, namely,
gand NOE connectivity path of the Bzm signals, besides  with 3,5-luf and MgBzmt. The MgBzm ligand can have two
allowing unambiguous assignment of all ABzm resonances,  orientations differing by 180 giving a total of three possible
allowed designation of the signals belonging to each set. Eachconformers. However, it is very likely that the MBzmt ligands
MesBzm peak of one set relates to the corresponding peak of are oriented as in the solid stateloéic, with the heads pointing
the other set via a strong EXSY cross-peak (Figure 7). The directtoward the negatively charged chloridens to the 3,5-lut
NOE interactions followed by physical exchange of the ligands ligands on the opposite Re atom and each 3 5Hing on a
produced rather strong exchange-NOE cross-peaks; howeverplane bisecting theis bonds (Figure 1). In agreement with these
these did not interfere with the assignment. relative orientations of the MBzm' ligands, a deeper cut of
The division of the 3,5-lut resonances into the two sets was the —100°C NOESY spectrum showed clear NOE cross-peaks
more difficult since all foura-H resonances were interrelated between the B4H of M@Bzm' signal and thex-H signals of
by exchange cross-peaks (Figure 7). Exchange is caused by tw@,5-luf. Moreover, this structure readily accounts for the shift
contemporaneous dynamic processes: the exchange betweepattern and, in particular, explains why all signals of 3,5-lut
the two sets is caused by rotation about the-Re-Re bonds, are more upfield than the corresponding resonancés or
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Chart 2. The Two Possible HT Conformers &2 of the
ComplexmesoRe0sCl(lut)2(MesBzm), (2mesg?

i i
Clu,, I aCl Clw,, I} Cl
e ke
0] (o]
R
X X«
(0] o
HT1 HT2

al = 3,5-lut; the arrows represent the pBzm ligands, with the
head being BH2. The eclipsed forms of the dimers are shown.

R1 of 2rac, the half of each 3,5-l6tthat is stacked with the
other 3,5-lut (and whose signals are most upfield) stacks also
with the six-membered ring of the adjacent Ben; Me;Bzn

has a greater shielding effect than does the corresponding 3,5

lutt in 5. For R1 of 2rac, the other half of each 3,5-Rits
shielded by the MgBzm' on the opposite Re atom; again, Me
Bzm' has a higher shielding effect than that of the corresponding
3,5-lut in 5.

In R2 of 2rac, MesBzm has shifts similar to those of Mie
Bzmsin 3, while 3,5-lut has shifts similar to those of 3,5%lint
5.4 The orientation of MgBzms in R2 is very likely the same
as in3, namely, HT. There are indeed two possible conformers
(HT1 and HT2) ofR2 with the MeBzm® ligands arranged in a
HT orientation (Chart 2). In HT1 the arrangement is similar to
that found in the crystal structure 8f in HT2 both MeBzm®
ligands are rotated by 180The following electrostatic and
chemical shift arguments strongly indicate that HT1 is by far
the most likely. In HT1 the heads of each of the twoBem®
ligand points toward the Gtansto 3,5-lut on the opposite Re
atom, while in HT2 the heads are pointed to the periphery of
the dimer. Thus, only HT1 allows favorable electrostatic
interactions. The shifts of MBzm® suggest that in solution the
HT conformation inR2 is the same as the HT1 conformation
found both in solution and in the solid state f&rthe B2H,
B7H, and B12H resonances of the Bz ligands inR2 are
more downfield than the corresponding resonanc8biecause
the shielding effect of the adjacent 3,5tligt lower compared
to that of the more anisotropic MBzn in 3. In the hypothetical
HT2 conformer, the five-membered ring of one Bem* would
fully stack with the six-membered ring of the other }Bem®,
and quite different shifts would be expected.

mMeseRe,03Cl4(3,5-lut),(MesBzm), (2mesq. The two sets
of MesBzm NMR signals of2mesoin the —100 °C NMR
spectrum (Supporting Information) can be clearly attributed to
MesBzmt and MgBzms from the typical shifts for these ligand
types €f. 2rac and 3). The two sets of 3,5-lut signals can be
similarly classified as 3,5-lband 3,5-Iut signals by comparison
with the spectrum ob. A more detailed analysis of the shifts
and of the solid-state structure provides further insight into the
solution conformation oPmesq particularly regarding orienta-
tions. These considerations, together with the knowledge
acquired with the similar dimers, suggest that the [Bw-
conformation of th&mesodimer closely resembles that found
in the solid state.

In the solid state, the head of Mgzm? is pointing toward
the negatively charged chlorideansto MesBzm' on the other
Re atom (Figure 2), and only half of 3,54us stacked with
the MeBzm® (Figure 3). These features explain the upfiekt
and 3-CHs resonances for half of 3,5-futThe structure also
shows that MeBzm® is too big to fully stack with 3,5-Idt Thus,
the methyl on the five-membered ring projects out and is not
shielded by 3,5-I4t explaining the somewhat more downfield

Inorganic Chemistry, Vol. 39, No. 2, 200301

B12H; signal compared to B124$hifts for mutually HT stacked
MezBzm ligands, such as iBand inR2 of 2rac. In agreement
with these relative orientations of the stacked ligands, a deeper
cut of the—100°C NOESY spectrum showed clear NOE cross-
peaks between the B13ldf MesBzn* signal and the downfield
o'-H and'-CHs signals of 3,5-Iut

We hypothesize that the orientation of ABzm' in 2mesois
also close to that found in the solid state, with BH2 pointing
toward the chloriddéransto Me;Bzm® on the other Re atom.
With this orientation of MeBznt, part of its six-membered ring
is oriented toward the stacked 3,5-lut on the same Re atom;
accordingly, the B4H and B1QHsignals of MgBzm' are
upfield. Moreover3-CHs of 3,5-luf is fully stacked with the
six-membered ring of MgBzm® but is also partially stacked with
the six-membered ring of MBzn, and this explains why the

B-CHz resonance falls so far upfield at 0.41 ppm. Also the shifts

of 3,5-lut suggest that its orientation in solution is very close
to that found in the solid state. With this orientation, half of
3,5-lut is partially stacked with the five-membered ring of the
MesBznm® on the same Re atom; however, onrlyH is fully
shielded, and the corresponding signal is shifted upfield, while
the adjacenp3-CHg is only partially shielded, and in fact the
corresponding resonance is affected little.

Re—N(L) 180° Rotation. We address first the motions of
the symmetrical ligands. EXSY/NOESY spectra established that
18 rotation about the ReN(3,5-lut) bond occurs in both
racemicandmesodimers. In2rac (both inR1 and inR2) this
motion is faster than the rotation about the-®R&—Re bond
system that exchanges stacked and terminal ligands, while the
opposite is true irkmeso At —100 °C the exchange process
betweerR1 andR2 of 2rac is very slow, and since the splittings
of thea-H resonances of 3,5-lut iR1 andR2 are comparable,
their line widths depend only on the rate of RE(3,5-lut)
rotation; therefore, the slightly broaderH signals in R2
compared tdrR1 imply a faster rotation rate of 3,5-lut about the
Re—N bond in the minor rotamer; i.e., 3,5-digands rotate
faster than 3,5-ldtligands. In2mesothe splittings of thex-H
resonances are very similar in the two sets, but at all temper-
atures the signals of one set are slightly sharper than those of
the other (Figure 4), suggesting that in half of the dimer rotation
about the Re-N(3,5-lut) bond is faster than in the other half.
In further support of the interpretation of the assignment and
structural implications of thenesoNMR data (see above), 3,5-
luts rotates about the ReN bond at a slower rate compared to
3,5-luf, which resides in a less sterically demanding region of
the dimer.

The case of MgBzm is less straightforward. In all cases the
number of MgBzm signals, both in the 20C NMR spectra
and in each set of the lowW-spectra, indicates that the Me
Bzm ligands could either rotate freely about the-Rebonds
or maintain a fixed orientation. In theesadimers the essentially
equal broadening of M8zm signals at all temperatures and
the similarity, for each MgBzm resonance, between the average
shifts at lowT and the corresponding shift at highindicate
that the MgBzm ligands, as ir8, are unable to rotate freely at
all temperatures. The same conclusion appears to be true also
for theracemicdimers, but the different abundance of the two
rotamersR1 and R2 makes comparison of broadening and of
shifts at low and highl more difficult.

More revealing, analysis of the shifts of the stacked bases in
the mesoisomer indicates that the MBzm® does not rotate
freely. If it did, there would not be such a large difference in
the shifts of thea-H and 5-CHs signals and ther'-H andf'-

CHs signals of 3,5-lut. Furthermore, we noted above that there
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were several NOE cross-peaks from JAem® to 3,5-Iu. A
bulkier ligand such as M8zm® is expected to rotate even more
slowly than the smaller 3,5-lutigand, which rotates slowly.
Combined, these observations provide compelling evidence that
MesBzm® does not rotate freely.

Similarly, in R1 of 2rac the NOE cross-peaks between Me
Bzm' and 3,5-lut indicate that MeBzm does not rotate freely.

Preferred Rotation Pathways for Coupled Re-O—Re/
Re—N Rotation. Having established the orientations of the L
ligands in2rac and2mesoand having elucidated the relatively
slow rotation, we now consider the coupled dynamic motions. a
The processes exchange terminal and stacking ligands in a 15203
pairwise fashion by a-13Q rotation about the ReO—Re bond s
system (180 minus twice the R—Re--R€—Ns torsion angle) %:% .
accompanyed by a coupleed(° rotation of all four L ligands y
about the ReN bonds. In the case of symmetrical dimers o=
and>, this process interconverts one enantiomer into the other, o=d )=
since the stable conformation is chiral. For taeemicdimers, }\}HK
however, this process does not interconvert one enantiomer into ¢
the other, as was the case in symmetrical dinSeasnd5, but ]'figltJr:e 8. ichemz_ﬂic nlep;_reser;t?gio? of Lh? dyna‘fr't‘;‘;’a‘f’rﬂg;‘mggposed
R : : or the exchange In solution o e t(wo halves O
!nsteg d lnterconver'ts two rotlameFQJ. and .R2’ each of which through the ungtablanti form. The initial conformation (top left) V\(/)as
IS Ch'ral-_ In ar_nestther, the Interconversion of the two halves  t5nq'in the solid. Ligands on the front Re atom have shaded bonds.
of the dimer is a topomerization between degenerate rotamers
to yield the same overall conformation. As for the symmetrical ~ The 3,5-lut ligands must also undergo®9Re—N rotation
dimers3 and5, this process interconverts one enantiomer into coupled with the ReO—Re rotation. There are two possible
the other, since the stable conformation is chiral. Unstable rotation pathways, either through the=®e—O CP or in the
eclipsed forms of the symmetric aniesodimers are not chiral opposite sense through the €EIlRe—N(MesBzm) CP. Models
(two halves related by a mirror plane in thgnconformation show that while 90 rotation through the &Re—O CP
or inversion center in thanti conformation). The inversion  physically exchanges the stacked half of 3,5-lfth the
process must pass through at least one of these unstable eclipsednstacked half of 3,5-Itfi.e., in terms of resonancess with
forms; the form would be either an intermediate or, more likely, ot andas with o't), the 90 rotation through the CI2Re—
an activated complex along the reaction pathway. N(MesBzm) CP exchanges the stacked half of 3,54kith the

We can now evaluate whether the dimers have a preferredStaCked half of 3,5-1U{i.e., in terms of resonancess with o't

pathway of~130 rotation about the ReO—Re bond system, alnd as with o). At h_ 100 °Ci 180 Re—~N(3,5-lut) rotation is
such that the steric repulsions between ligands are minimizedSIOW compared to the coupled R®—Re/Re-N rotation, and

and the favorable electrostatic interactions are maximized. In thlertgfore tthe n;lpst tllntenshe excg?)ngire] crossl-pdeakst. areT;c]hose
fact, even in the symmetrical dime and 5 both senses realllng protons t_lrec ]%/tﬁxc_ z;lnge_t %‘the Couﬁe motion. ui’
(clockwise or anticlockwise) of ReO—Re bond system rotation ;iﬁsi%gr?éng)'(og\(o e ;? ?:S'hy OI d ?I e\)/(vc artlg%icrt(i)r?s-?er? S
are not equivalent and have different energetic profiles. This is betw?aen the two osssigfecgﬁl;otaiio?]u a&v?a gsl:a ?eegwueit
also true in dimerd and2. In all cases, the pathways would with the O=Re—(§) CP pathwa thep most )i/nfensegexchan e
involve an eclipsed form, eithesynor anti. The solution- and : pathway, 1 9

. cross-peaks in the downfield region of the EXSY spectrum
solid-state structures dfrac, 2mesg and 3 have shown that

the positively charged BH2 proton of the bBzm ligands on (Figure 7) are those relatings with at a.ndas with o't (similar.
one Re atom is always aimed toward the negatively charged ;?Qfgﬁzlggsegg otir?(;/\tlgtif)rr?%rtrt])?)ttleFglgﬁurtel?ggr?géﬁgégi—gls
chloride on the other Re atom, suggesting that this electrostatic . f : :

. L . _ ) . h lished f I -luty, hich
interaction is important and likely to be maintained, if feasible the same as we established for,B¢C14(3,5-ut),* in whic

i . o '’ the 3,5-lut ligands also rotate through the less sterically
durln,g rotation. We had_ fo_und thatm,C|s,plgRqu(MeZSO)2- demanding &Re—0O CP. Thus, a consistent picture emerges.
(L)(L") complexes a similar electrostatic interaction strongly

) . ; . ; It is very likely that the two coupled movements in the
influences the solution- and solid-state orientations of the-Me favored route ~130° Re—O—Re rotation and~9%° Re—N
Bzm ligands® '

) rotation, occur sychronously, but for the sake of discussion, as
Coupled Re-O—Re/Re-N Rotation for 2meso The2meso  done previously for5, the process can be broken into three

case will be discussed first. Models show that, starting from distinct steps (Figure 8)In the first step, a-65° Re—O rotation

the conformation found in the solid state (Figure 2 and top left forms an unstablanti species; in the next step, the two Me
drawing in Figure 8), anticlockwise rotation ef13C° of the Bzm ligands and the two 3,5-lut ligands rotate by p@st the
back Re atom allows the BH2 proton of eachzBiem to remain respective &Re—0O CPs. Finally, a secon#65° Re—-O—Re
directed at the chloridansto Me;Bzm on the other Re atom  rotation in the same direction as the first converts the unstable
during the whole process, provided that the contemporaneousanti species to the other topomer, which is the enantiomer of

~65° Re-O ~65° Re-O

90° rotation of each MgBzm occurs through the ©Re—0O the starting conformer.
coordination plane (CP). The same final #8em orientations Rotation about the ReO—Re bond system in the opposite
might be reached through a Z7fotation about each ReN sense would not only interrupt the favorable electrostatic

bond in the opposite sense; this route, besides breaking theinteractions for both Mg8zm ligands, but also bring the N-donor
favorable electrostatic interactions, would be greatly disfavored ligands much closer to each other, through an unstajpfe
by steric interactions. eclipsedform. Therefore, this pathway is unlikely.
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that both in themesoand in theracemicdimers, the two halves
of the dimer swing back and forth by130 through theanti
eclipsed species.

Conclusions

Previously we investigated the dynamic exchange between
degenerate chiral conformers. The synthesis of mixed-ligand
u-oxorhenium dimers that bear one lopsided and one sym-
metrical ligand, RgDsCl4(py)(MesBzm), (1) and RgO3Cl4(3,5-

el Yo ¢ 2 lut),(MesBzm), (2), has now allowed us to break the local
gj%‘zf’ : )N'\( symmetry on each rhenium atom, so that, in the racemic dimers,
%,* \{M the exchange of terminal and stacked ligands leads to nonde-
c&?g , generate conformers. We found that the solution conformation
4% of R1 is the same as that found in the solid stateloic.

Moreover, in the case of bothrac and 2rac, the conformer

Figure 9. Schematic representation of the dynamic motion proposed |, : : : :
for the exchange in solution betwe®i andR2 in 1rac, through the with terminal MeBzm ligands R1) is roughly 1 order of

unstableanti form. The initial conformation (top left) was found in ~ Magnitude more stable than that with stackingsBiem ligands
the solid. Ligands on the front Re atom have shaded bonds. (R2). We believe that the stability oR1 over R2 can be
attributed mainly to more favorable electrostatic interactions that

Coupled Re-O—Re/Re-N Rotation for 2rac. As already ~ Occur between thé ™ H2 atoms on MgBzm! ligands and the

pointed out, in the racemic dimérac, the~130° Re—-O—Re negative O and Cl groups in the core of the diffeithis

rotation interconverts two rotameiR1 andR2, each of which interaction, which is evident from the orientation of the Me

is chiral. Unlike the cases @Meso 3, and5, 90° Re-Nrotation ~ Bzm in the structures of all three dimers having J@em,

of the four L ligands is not required by symmetry to be coupled appears to overcome the stacking interactions in R

to the Re-O—Re rotation. Chemical shift arguments for Me ~ conformer oflrac andZ2rac.

Bzm ligands led us to believe that this°d®e—N rotation indeed NMR data showed that the unsymmetrical dim&rand 2

occurs for the two lopsided ligands. Models show that, starting undergo two dynamic processes contemporaneously, namely,

from the solid-state conformation dfac (R1, Figure 1 and 180 rotation about the ReN(py or 3,5-lut) bond and coupled

top left structure in Figure 9)~13C° anticlockwise rotation  rotation about the ReO—Re/Re-N bonds. Both processes

about the back ReO bond that converts MBzm! ligands into reach the slow-exchange limit far < —80 °C. Rotation of py

MesBzm® ligands must be accompanied by a° 90tation of in 1 occurs faster than that of 3,5-lut & this difference is
both M&Bzm ligands about the ReN bond to achieve one of  attributed to the higher steric demands of 3,5-lut compared to
the two HT conformations. A 90rotation in one direction, i.e.,  Py. NMR data provide compelling evidence that j8zm
across the &Re—0 CP, will give the favored HT1 conforméf.  ligands do not rotate freely in th@esocompounds. For the

During the process transformirigl into R2, the BH2 proton racemiccompounds, it is likely that each MBzm rotates only

in each of the two MgBzm ligands remains aimed at the ca. 90 about the N-Re bond and adopts the orientation such
chloridetransto 3,5-lut on the other Re atom and by passage that it maximizes the electrostatic attractionsRifh (MesBzn)
through ananti form avoids steric clashes between ligands. and minimizes the steric crowding R2 (MesBzn¥) during the
Conversely, 90 Re—N(MesBzm) rotation in the opposite ~ R1toR2conversion. Thus, a consistent, rather satisfying view
direction, i.e., through the €lRe—N(3,5-lut) CP, would be of the dynamic motion pathways for planar N-heterocyclic
disfavored both sterically and electrostatically and would, in ligands emerges from our studies of these dimers. The principles
any case, yield the HT2 conformer, which the NMR evidence established should have wide application in metallobiochemistry.
indicates is not present.

As depicted schematically in Figure 9, models show that 90
rotation very likely occurs for the 3,5-lut ligands also. This
reasoning is also based on both steric and shift considerations
If such 90 rotation did not occur, ifR2 onea-H on each 3,5-
lut would be too close to the BH2 of thes MesBzm ligand;
moreover, the 3,5-lutvould not be partially stacked with the
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five-membered ring of theis-Me;Bzm®, and more downfield Supporting Information Available: Two X-ray crystallographic
shifts might be expected for 3,5-ldigands. files, in CIF format, and tables withtd NMR assignments. This material
Finally, as for2mesq for 2rac the opposite-sensel130° Re— is available free of charge via the Internet at http://pubs.acs.org.

O—Re rotation is disfavored for electrostatic and steric reasons
since it involves theyneclipsed form. In summary, itis likely — 1C990858T

(17) As for2mesgq the opposite 270Re—N(Me3zBzm) rotation is disfavored (18) Marzilli, L. G.; Marzilli, P. A.; Alessio, E.Pure Appl. Chem1998
for electrostatic and steric reasons. 70, 961-968.





