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Ortho-metalation of ligand-appended and planar pro-chifah(ene)tricarbonylchromium complexes
has been attempted with octahedral [Ru(&X),. While amino- and oxazolyl-appended substrates
displayed no reactivity, 2-[tricarbonyjf-phenyl)chromium]pyridine was readily converted into the
corresponding cycloruthenated product consisting of a mixture of chloro-bridged heterotetranuclear dimers,
which was analyzed by CPMASC NMR and 2D-DOSY!H NMR techniques in the solid state and in
solution, respectively. The main side-products of this cyclometalation reaction were identified as novel
dimers containing a chloro and a hydroxo bridge, according to spectroscopic and X-ray diffraction structural
determination. The relative configuration of the produced tetranuclear chloro-bridged (Cr,Ru) dimers
was assessed by chemical derivatization into (Cr,Ru) monomers, of which the structures were established
by X-ray diffraction analysis. Consistent results as to the stereoselectivity of the cycloruthenation reaction
were obtained with 2-ferrocenylpyridine. Further reactivity studies of racemic planar-chiral (Cr,Ru) and
(Fe,Ru) dimeric ruthenacycles toward anionic bidentate ligands indicated that chelation of the Ru center
was rather stereoselective although probably subject to polytopal rearrangements. It was established that
the chelation of the ruthenium(ll) center by anionic homobidentate ligands was sensitive to steric hindrance,
which favors the coordination of the anionic bidentate ligand at the Ru center amtafashion with
respect to both Cr(CQ@)and FeCp. This property was applied to the synthesis of the first examples of
scalemic ruthenacycles possessing ruthenium-centered and planar chiralities. This study is supported by
12 X-ray diffraction structures of relevant new complexes, among which are two unprecedented examples
of chloro,hydroxo-bridged dicarbonylruthenium(ll) [C,N] chelates.

Introduction or nonracemic substrateby C—H bond activation, (2) the
) o ) oxidative addition of an electron-rich metal center to a nonra-
According to existing literature, four synthetic routes toward cemic halogenated substrdt3) the transmetalation of a
nonracemic planar-chiral metallacycles have been investigated,acemic or nonracemic ortho-metalated or cyclometalated
and developed so far, which differ mostly by the means used g hsiraté, and (4) the optical resolution of planar-chiral

to create planar _I?E'ra“ty at the ch(_elatef vinthhreasongble [be"an'cyclometalated substrates from a mixture of diastereobiEns.
tiomeric excess. These routes consist of (1) the enantiosefective i oo ine“works of V. I. Sokolov on the enantioselective

or diastereoselective metalation of planar pro-chiral substratesCycloloalIaolation of planar pro-chiral ferroceny! ligahdgve
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must be handled with circumspection since chiral metal centersinvestigation of the direct ruthenation of pro-chiraf{arene)-
may be subject to configurational unstability: numerous cases tricarbonylchromium complexes with this ruthenium(ll) poly-

of configurationally labileT-4 complexes have been reported

mer. We show that in spite of the electron-withdrawing effect

in the literature® In previous reports we have demonstrated that of the Cr(CO} moiety, which should inhibit the metalation by

enantiopureSR4 palladacyclic and nonracemic pseutig-
ruthenacyclic g8-arene)tricarbonylchromium complexes could

the presumed “electrophilic” [Ru(C@Ql,], polymer, cyclom-
etalation takes place with a 2-phenylpyridine complex in an

be efficiently and diastereoselectively prepared by transmeta- effective and diastereoselective manner.

lation from racemic chloromercurated substrates.
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In this report, we address the direct cycloruthengtioh
planar pro-chiral #%-arene)tricarbonylchromium complexes
containing a pendant ancillary ligand with an octahed&(C{

6) metal center originating from [Ru(C&Dl,],.1° Even though
the propensity of [Ru(CQLl,], to cyclometalate aromatic
ligands is long known! underlying mechanistic aspects of the

Results and Discussion

Cyclometalation reactions involving [Ru(C£Q)], generally
require a base in order to trap the hydrochloric acid that is
formally released in the course of the reaction. Of course, the
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Troitskaya, L. L.; Sokolov, V. I.; Reutov, O. Alzv. Akad. Nauk. SSSR
Ser. Khim.1979 1528-1534.
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endo isomer exo isomer A
a) , , | [RU(CO),Clly
| ) Na,COs, DME, 80 °C
1 2 3 s
L 4 L &
AN |/ \Ru/
u “
g\co and/or (00)302\ E\Co (CO)Cr”
CcO CcO 1c
(CO)Cr L2 N _
. ,,4 | N Cl N |
rac(ps, 0C64z4) - iL=c rac o, 06424 QU and RuGO), RGO (3
co ?
axial (CONCr’ R (cope’
L
2 3a:3b
b) L\ l /X )
Ru equatorial . . .
[ /N Direct Ortho-ruthenation of 1c with [Ru(CO) »Cl;],. Prac-
¢ : co tically, the main product of the reaction dfc with [Ru-
¢co y p
f\ ol (CO)XCly], was found to be compoun® which precipitated
axia

) ) ) ] ~out of a red-colored solution and was recovered in 83% yield
Figure 1. (a) Expected diastereoisomerism for planar-chiral \non filtration (eq 3): this yellow powder, which displayed good
rrL]Jthena_c_ycIesf: r:hend_o;sgg?r d'ﬁ(fr.s‘ frrc:;]n d|t$xocounteLpart byl stability to air and moisture, was found to be partly soluble in
the position of the axial igand; In ti ogeometry the axia A . . _
Ru-bound CO sits nearby the Cr(GOpnoiety. (b) Positional N'ﬁ dllrgethygormamlclie, alcebtlong tc?lorr]of(;)rr?, and d('jmd?twl
terminology defining, in this article, “axial” and “equatorial” sulfoxide and sparingly soiluble in tetranydrofuran and dichio-
positions for ligands. romethane. The spectroscopic characterizatio iofsolution:

and in the solid state was undertaken by conventional techniques
including IR and NMR spectroscopy in order to assess chemical

aromatic substrate itself may play the role of the base. This is PUrity and evaluate the number of formed diastereomers.
however somewhat inconvenient, as protonation of the substrate | "€ IR spectrum of a KBr pellet éf displayed the combined
may limit the overall efficiency of the reaction. In this study, YPical features arising from thiac-Cr(CO} andcis-Ru(CO)
we have used a noncoordinating external base such as sodiunf"oi€ties, which consisted of four carbonyl ligand stretching
carbonate, which priori should neutralize the acidity released °2nds showing up between 2049 and 1878 tm

by the reaction without interacting either with the starting [Ru- __>0lution NMR analysis o2 led to somewnhat different spectra

; ; depending on the coordinative ability of the chosen solvent. In
(COXCl,], polymer or with the expected ruthenacyclic product. . ; / h
We also I;mticipated the reaction ofé{arene)tricarbonylchro- perdeuterated dimethylsulfoxide, which most likely cleaves the

mium complexes with [Ru(CQEl;] to be quite stereochemi- gts-cc:hloro bridges and binds the ruthenium center, Bétrand
cally unselective. Taking into account all the possible orienta- NMR sperj“tra_ snﬂggested the presence of a single species,
tions of the octahedral Ru(C@)l fragment relative to the putatively the “axial”de-dmso adduct (Figure 1b). In perdeu-
Cr(CO) moiety (Figure 1) added to the stereoisomerism teratedN,N-dimethylformamide, the situation was less clear as

introduced by ther-chloro bridging of two metallacyclic units, ~ ©© the exact fate of the-chloro-bridged complexes in this

difficulties in separating and characterizing diastereomers were ;:oordirgct;ng solvent: three species were formally detected by
seemingly lying ahead (see Supporting Information for a H and*C NMR spectroscopy in a 14:3:1 ratio, their respective

graphical representation of all the possible combinations). ~ SPectra being obviously different. Each compound displayed two
Preliminary Investigation of the “Electrophilic” Cyclom- sets of four S|gr_1als in the-56 ppm region and in the-69 ppm

etalation of Oxazolyl- and N,N-Dimethylaminomethyl-Ap- region, respectively. _

pended ;5-Arene)tricarbonylchromium Complexes. A first Subsequent d|ﬁu5|o[1-ordered ,ZD proton NMxp.erlments

series of experiments was carried out in order to evaluate the(POSY) carried out with a solution d in d7-N,N-dimethyl-

reactivity of a set of prototypical complexes bearing ancillary formamide clearly revealed that a symmetric dimeric species
ligands of various nature, vizla—c, versus [RU(COLC]n. was the major component. This conclusion was based on the

Cycloruthenation reactions were carried out in refluxing 1,2- measured yalues of the diffusion .coeff.|C|ents', which aIIoweq
dimethoxyethane with sodium carbonate as base. the calculation of the correspondlng d|men3|ons of_the main
two components of the solution, assuming a spherical shape
for a solvated dinuclear (Cr,Ru) species and an oblate ellipsoid
(CO)Cr—i— NMe;, shape & = b > c) for a solvated tetranuclear chloro-bridged
1a dimer. The major component, which displayed a diffusion

Q

or L coefficient of 43Qum?/s (cf. Supporting Information), was first
03 (M}=X : [RU(CO),Cll subjgcted.to a spherical-mode] treatment, yielding a hydrody-
N N namic radius of 6.3 A. By applying an ellipsoid-model treatment
(CORCr—— “ an equatorial lengtla of 14 A and a polar lengtle of 12 A
noreaction  (2) were obtained, which was deemed consistent with the expected

dimensions of solvated dim&: Similar conclusions could be
drawn for the second most abundant species, which displayed

In our hands, all experiments conducted with substrages et -~ | ;
a diffusion coefficient of 50&km?/s. More important, no signals

and1lbin refluxing 1,2-dimethoxyethane in the presence of-Na
CO; failed to produce any cyclometalated compound: starting (13) (a) Cotts, R. M.: Hoch, M. J. R Sun, T.: Marker, J.JT Magn.

material was fully recoyered in all cases .(eq 2). Con'grasting Reson.1989 83, 252-266. (b) Johnson, RProg. NMR Spectrosd999
results were obtained witlhc, as described in the following. 34, 203-256.
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Figure 2. Structure and relative stereochemistry proposed for chloro,hydroxo-bridged Barecs

pertaining to a coordinated,N-dimethylformamide moiety were

were geometrically related by symmetry. Structural character-

found at these values of the diffusion coefficient. This suggests ization was attempted by X-ray diffraction analysis with both
that the two most abundant species detected in a 14:3 ratio werecompounds.

essentially stereoisomers of dim2and notd,-N,N-dimethyl-

Figure 2 presents the structures3# and 3b, which were

formamide adducts. For comparison purposes, we carried out agstablished on the basis of available NMR and X-ray diffraction

1H 2D-DOSY experiment in CDGlwith a well-characterized
dinuclear (Cr,Ru) complex (compoun®a, vide infra): it
displayed a significantly higher diffusion coefficient of 786w/

structural data. Figure 3 displays a CCDC Mercury drawing of
the structure o8a. Compound3a is asymmetric and consists
of an association of two ruthenacycleseofdoandexogeometry

s, which corresponds to a calculated radius of 3.5 A assumingin which thecis Ru-bound CO ligands are oriented differently
the shape of the molecule to be a sphere (cf. Supportingwith respect to the Cr(C@)moiety. The compact molecular

Information).
Solid-state CP-MASS3C NMR (cf. Supporting Information)

arrangement irBa is characterized by a distance of 3.29 A
between atom O(7) belonging to tke&do Cr(CO) fragment

was used in order to obtain complementary information on the and atom C(23) of the neighboring phenylene ligand. The

chemical purity of2: 11 sharp signals in the 870 ppm

hydroxo ligand occupies the axial position at ruthenium in the

region were assigned to the chelating ligand backbone carbontwo metallacyclic units, the chloro sitting at the equatorial

atoms, and two narrow singlets detected dt91.9 and 195.5
ppm were readily assigned to the Ru(G@oiety. Two signals
arising ato 235.6 and 237.7 ppm in a roughly 1:2 intensity
ratio were assigned to the Cr(CQhoiety assuming this split

positioncis to pyridyl’s nitrogen atom. An original feature of
this complex is the formal “encapsulation” of the hydroxo ligand
between the metallacycles. A close analysis indicates relatively
short distances between oxygen atom O(11) and atoms O(6),

of resonances to be a consequence of the magnetic anisotropy(7), and Cr(1), which suggests that the hydroxo hydrogen atom

of the carbonyl ligands in a nearly static tricarbonylmetal rotor,
as suggested by Hanson etad Oprunenko, Guther, et al*

Besides compoun@, two side-products3a and 3b, were

H(11) interacts weakly with the vicinal Cr(C®noiety. The
IR spectrum oBBataken from a sample dispersed in a KBr pellet
displayed a relatively weak and broad band at 3420cm

obtained in minute amounts in a roughly 4.5:1 molar ratio and Although the position of hydrogen atom H(11) was not
were identified as the main components of the red-colored accurately defined, it is estimated that this atom is separated
reaction’s supernatant (eq 3). These two compounds wereby ca. 3.0 A from atoms O(6) and O(7) and 2.9 A from atom
subsequently separated by conventional low-temperature flashCr(1), that is, by distances larger than the sum of atomic covalent

chromatography on silica gel. Thél NMR spectra contained
sharp singlets ab —2.92 ppm for3a and —3.30 ppm for3b,
which were assigned to a hydroxo ligand bridging two ruth-
enacyclic unitd® this rather upfield position of the signal
contrasts notably with the NMR data reported for most
u-hydroxo-bridged bis-ruthenium(ll) complexes, which assume
for this ligand a downfield resonance far above 0 pj§Mn

radii for atoms H and O, and H and Cr. Taking into account
the reasonable Bransted- and Lewis-type basiéftiafsthe Cr-
(CO); fragment, a H-bonding interaction with the Cr(GO)
moiety is possible in the case &a, although difficult to
ascertain.

Compound3b possesses two metallacyclic units efido
geometry that are related by @-symmetry axis defined by

upfield resonance of the hydroxo ligand is generally encounteredthe chloro and the oxygen atom of the hydroxo ligand.

with mononuclear hydroxo-Ru(ll) speci€s.In the region
spanning from 5 to 9 ppm, the major compound, i2a,

Acceptable crystallographic data could not be obtained because
of a failure to assign a significant amount of residual electron

displayed eight doublets and eight triplets, a clear sign of density content (cf. Supporting Information). However, a crystal
asymmetry for this hetero-tetranuclear complex. In the same of trace compoun@c (Figure 2), which plausibly results from

region, compoundb displayed only eight signals, viz., four
doublets and four triplets, indicating that the two chelate units

(14) (a) Wagner, G. W.; Hanson, B. kiorg. Chem.1987, 26, 2019~
2022. (b) Oprunenko, Y.; Gloriosov, |.; Lyssenko, K.; Malyugina, S.;
Mityuk, D.; Mstislavsky, V.; Guther, H.; von Firks, G.; Ebener, M.
Organomet. Chenm2002 656, 27—42.

(15) Yi, C. S.; Zeczycki, T. N.; Guzei, |. AOrganometallic2006 25,
1047-1051.

(16) (a) Zzhang, Q. F.; Adams, R. D.; Leung, W. kHorg. Chim. Acta
2006 359, 978-983. (b) Cariati, E.; Lucenti, E.; Pizzotti, M.; Roberto, D.;
Ugo, R.Organometallics1996 15, 4122-4124.

(17) (a) Akita, M.; Takahashi, Y.; Hikichi, S.; Moro-Oka, Ynorg.
Chem.2001, 40, 169-172. (b) Burn, M. J.; Fickes, M. G.; Hartwig, J. F.;
Hollander, F. J.; Bergman, R. G. Am. Chem. Sod993 115 5875~
5876.

the formal loss of one Cr(C@pmoiety in3b, was serendipitously
found among the crop of crystals of the latter. A CCDC Mercury
ellipsoid diagram of3c displayed in Figure 4 indicates that the
bridging hydroxo ligand occupies an axial position in both Ru-
centered octahedral units, vizransto the axial Ru-bound CO
ligand, the bridging chloro ligand being placed at an equatorial

(18) (a) Suresh, C. H.; Koga, N.; Gadre, S. ®ganometallics2000
19, 3008-3015. (b) Pfletschinger, A.; Dargel, T. K.; Bats, J. W.; Schmalz,
H.-G.; Koch, W.Chem=—Eur. J. 1999 5, 537-545. (c) Gambino, O;
Michelin-Lausarot, P.; Vaglio, G. A.; Valle, M.; Volpe, P.; Operti, Trans.
Met. Chem.1982 7, 330-332. (d) Lokshin, B. V.; Rusach, E. B.;
Kaganovich, V. S.; Krivykh, V. V.; Artemov, A. N.; Sirotkin, N. [Zh.
Strukt. Khim.1975 16, 592-604. (e) Lillya, C. P.; Sahajian, R. Anorg.
Chem.1971 11, 889-891.
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a)
Figure 3. CCDC Mercury “ellipsoid” diagrams o8a drawn at the 30% probability level with full atom-numbering scheme for the two
ruthenium-bound fragments (views a and b). Hydrogen atoms have been omitted for clarity. Selected interatomic distances (A) and angles
(deg): Ru(1)-C(11) 2.038(5), Ru(1yN(1) 2.130(4), Ru(L)C(1) 1.869(6), Ru(tyC(2) 1.884(6), Ru(yO(11) 2.078(4), Ru(£}ClI(1)
2.541(1), Cr(1yC(11) 2.301(5), Cr(:yC(14) 2.214(6), Ru(2yO(11) 2.062(4), Ru(2)CI(1) 2.534(1), Ru(2yC(22) 2.043(5), Ru(2}
N(2) 2.142(4), Ru(2yC(3) 1.859(6), Ru(2)yC(4) 1.858(6), O(6) C(27) 3.724(5), O(AC(23) 3.290(5), O(11)yCr(1) 3.502(5), O(1Ly
O(7) 3.642(5), O(11y0O(6) 3.418(5), N(1}Ru(1)-C(11) 80.1(2), C(1HyRu(1)-0O(11) 90.1(2), Cl(1yRu(1)-C(2) 102.9(2), C(2H
C(22)-C(23) 117.1(4), Ru(tyO(11)-Ru(2) 115.9(2), Ru(hyCl(1)—Ru(2) 87.46(4), C(22yRu(2)—N(2) 79.6(2), C(4y-Ru(2)-CI(1)
100.8(2), C(6)-Cr(1)—C(7) 88.2(2).

Figure 4. CCDC Mercury “ellipsoid” diagrams o8c drawn at the 40% probability level with full atom-numbering scheme for the two
ruthenium-bound fragments (views a and b). Molecules of solvent and hydrogen atoms have been omitted for clarity. Selected interatomic
distances (A) and angles (deg): Ru¢Q(1) 2.020(8), Ru(1yN(1) 2.136(7), Ru(1)}C(27) 1.872(9), Ru(£yC(26) 1.869(9), Ru(£O(1)

2.095(5), Ru(1)-CI(1) 2.535(2), Cr(1}-C(1) 2.304(8), Cr(1)}C(4) 2.214(9), Ru(2yO(1) 2.106(5), Ru(2}Cl(1) 2.563(2), Ru(2rC(21)

2.023(8), Ru(2)-N(2) 2.135(7), Ru(2)C(28) 1.873(9), Ru(2)C(29) 1.858(9), N(1}Ru(1)-C(1) 79.2(3), C(1)}Ru(1)-0O(1) 80.7, CI-
(1)—Ru(1)-C(26) 99.1(3), C(2rC(1)—-C(6) 115.2(7), Ru(tyO(1)~Ru(2) 112.4(3), Ru(fyCl(1)—Ru(2) 86.46(6), C2HRu(2-N(2)

79.4(3), C(29>-Ru(2)-CI(1) 103.1(2), C(22}C(21)-C(17) 117.0(7).

positiontransto the carbon atom of the 2-phenylenylpyridine by the treatment of.c with [Ruy(CO)Cl], in the absenceof
ligand. The Ru(1}O(1) and Ru(2)-O(1) distances are nearly Na&COs. In this case compoun2lwas recovered in 60% yield.

identical at 2.10 A, as are the Ru@d@l and Ru(2)-Cl distances Determination of the Stereochemistry of 2. As compound

at about 2.55 A. 2 failed to provide crystals suitable for X-ray diffraction analysis,
The formation of3aand3b may be due to adventitious water the relative stereochemistry at the ruthenium atom in this mixture

since there is no reaction @fwith anhydrous NaHCg) while of dimeric stereisomers was investigated by converting this

deliberate addition of small amounts of water in THF at room rather insoluble solid into monomeric heterodinuclear soluble
temperature afforded a complex mixture that certainly contained adducts. The preparation of monomdrsand5 was achieved
3a. Similarly neither3aor 3b was detected whehwas prepared by a separate treatment ®fwith bistriphenylphosphoranilide-
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Figure 5. (a) CCDC Mercury “ellipsoid” diagram of aniofir drawn at 30% probability. PPNcountercation and atoms of hydrogen have
omitted for clarity. (b) CCDC Mercury “ellipsoid” diagram of ani@drawn at 40% probability. Hydrogen atoms have been removed for
clarity. Selected interatomic distances (A) and angles (degdforRu—Cl(1) 2.4286(8), Ru-Cl(2) 2.4895(10), RaN(1) 2.129(2), Ru

C(1) 1.861(3), RrC(2) 1.860(3), RtrC(12) 2.046(3), CrC(12) 2.290(3), CrC(15) 2.199(4), Cl(1yRu—CI(2) 90.12(3), Cl(1}Ru—

N(1) 87.54(7), CI(1}¥Ru—C(12) 86.07(8), CI(2}Ru—N(1) 92.39(6). Selected interatomic distances (A), angles (deg), and torsion angle
(deg) for5: Ru—C(11) 2.050(3), RtrN(1) 2.141(2), Re-C(18) 1.866(3), RtCl 2.4782(7), Ru-C(17) 1.883(3), C+C(11) 2.289(3),
Cr—C(8) 2.210(3), RtrN(2) 2.161(2), C(11yRu—N(1) 78.7(1), C(11yRu—N(2) 89.1(1), C(6)-C(11)}-C(10) 116.7(3), C(AHyC(6)—
C(5)—N(1) 0.90.

Scheme 12
I S
o
|\N ¢l cl |\ N/CI
N
oY / i G
Neo| 2 ——~ Neo
o (CO)3Cr-- éo (CO)3Cr-- éo
PPN®,
[PPN]4 5

a i: [PPN]CLii: pyridine.

neammonium chloride ([PPN]CI) and pyridine, respectively concluded that compourj which most probably consists of a
(Scheme 1). The formation ¢f was formally quantitative: mixture of u-chloro-bridged dimeric stereoisomers, is most
this lipophilic and soluble salt was readily purified by flash certainly stereochemicallhomogeneouss far as the Ru-
chromatography through a short silica gel column. Complex centered and planar chiralities are concerned.

was also readily purified by chromatography and characterized  Similar observations were made while submitting ferrocenyl
by NMR spectroscopy. Both compounds were structurally derivative62! to a treatment with [Ru(CQZl],. In a typical
characterized by X-ray diffraction analysis. Figure 5 displays experiment, the reaction of compou6dvith [Ru(CO)Cly], in

the CCDC Mercury ellipsoid diagrams df and5 with their the presence of NE€G; in boiling 1,2-dimethoxyethane (Scheme
atom-numbering scheme. In compousidthe pyridine ligand 2) afforded in 41% yield a mixture af-chloro-bridged dimers
occupies the axial position at ruthenium, intrans manner 7, which presented a sufficient solubility to allow their separation
relative to the axial carbonyl ligand. This would suggest that in from unreactedé and [Ru(CO)Cl;], by conventional low-
precursor2 the more reactive bond toward “borderline” hard temperature chromatography on silica getHANMR analysis
bases and nucleophiles such as pyridine is the one that bindf 7 in noncoordinating CDGlrevealed the presence of at least
the chloro ligand to the ruthenium center at its axial position. three different isomers in a 2:1.5:1 ratio. SimilarlyZowhich

In 4-, chloro ligands are locateds to each other. The chloro-
to-ruthenium distances are not significantly different; the-Ru (19) Throughout the present article trigtendedCIP sequence rule is

CI(1) distance is shorter than R€I(2) only by ca 0.06 A In used to assign theSor the R stereochemical descriptors to planar-chiral
; ’ molecules. Readers are referred to the following references for more

both structures the Cr(C@Jripod is nearlyanti-eclipsed with  getails: (a) Schigl, K.; Fried, M. Monatsh. Chem1964 95, 558-575.

respect to the ruthenium center and the chromium-to-ruthenated-(b) Schial, K.; Fried, M.; Falk, H.Monatsh. Chem1964 95, 576-597.

arene-carbon distance is only slightly longer than the averagegcl)sc?é‘)”vssﬁlgl-; }'<“9T0(lg’ gig':erg'&ge'n\fggfvlv- ggflffgni-’l':f(‘)tr- I%%%gs?’gggic
of Cr—Cp k_’onds' E?oth4*.and5 possess &ac-(pR, OC-6-42- terrﬁinology of 'ste'reochemistry see: Mésé, GPare Appl. Chem1996

C)1920relative configuration and thendetype geometry. 68, 2193-2222.

Therefore, the structural similarity between these two com- 1gé%O)L'eLiJgF’hA% '\‘Jomsé‘?'gtlggiv‘;;I'”Socrigeer‘]rt‘iif?c%Z%rﬁ‘ggtt’%ﬁgf’”&‘%?gaﬂog
plexes suggests that thaonomerizatiorof 2 preserves the 7997 T ' R

relative stereochemistry at the Ru center. Hence, it may be (21) Schigl, K.; Fried, M. Monatsh.1963 94, 537—543.
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a i: Hacag N&CO;, 1,2-dimethoxyethand: Hbbom N&CO;, 1,2-
dimethoxyethane.

could readily be cleaved upon addition of chloride, this mixture
was readily converted into a single product, i.e., [P&Npon
treatment with [PPN]CI (Scheme 2).

Crystallization of7 afforded several crystals suitable for X-ray
diffraction analysis, among which one was arbitrarily selected.
The structures of dimera and 8~ are displayed in Figure 6.
The two compounds possess the same relatiegpR, OC-6-
42-C) configuration at the planar-chiral ruthenacycle. Worthy
of note, the mean planes of the two [C,L] chelating unitgan
are not parallel but perpendicular, which strikingly contrasts
with the few known structures of chloro-bridged non-

Hijazi et al.

The chelating 2-phenylenepyridine ligand is only slightly bent,
with an interplanar angle between the pyridyl and the phenylene
moieties of ca. 1.8 Similarly to4~, 5, 7, and8 the two Ru-
bound carbonyl ligands are incés configuration and the axial
one points toward the Cr(C@)moiety, conferring anendo
configuration to the complex.

A rac-(pS, OC-6-43C) relative configuration was tent-
avively assigned t®b, considering that the acetylacetonato
complexes9a and 9b differ only by the position of the Cr-
(CO); moiety relative taacacor, in other terms, by an opposite
relative planar-chiral configuration. This assumption was based
on the similarities noticed in the spectroscopic dat®atnd
9b. For example, the IR spectra ® and9b proved to be very
similar: they contained four well-separated CO stretching bands
that clearly indicated that the two Ru-bound CO ligands of the
rigid Ru(CO)(acag moiety are in a&isrelationship. For reasons
of symmetry, atrans arrangement of the CO ligands at
ruthenium atom would have resulted ideally in a single active
CO stretching band or at least in two bands very close in
frequency?® The two bands assigned to the Ru(@@ag
fragment were detected at 2045 and 1958 tmiH and
13C NMR spectroscopic analyses carried out wéh and
9b in CDCl; at room temperature confirmed the coordination
of the acetylacetonato ligand in both compounds. Only a tiny
difference of chemical shifts distinguished the signals of the
protons of the methyl group located in close vicinity to the
chelating [C,N] ligand ir@a and9b. The signal of this methyl
group in9b was deshielded by c8.2 ppm with respect to its
equivalent in9a. Unfortunately, we were not able to establish
the actual stereochemistry 8b, as it failed to provide crystals
of sufficient quality for a pertinent X-ray diffraction structural
analysis.

We decided to probe the facial selectivity of the transfer
of “Cr(CO)3” to complex 111! expecting thaBa would be the
major product: steric repulsion was expected to prevent
m-coordination of the Cr(CQ)moiety in the vicinity of the
acacligand. The treatment of compleiXl with tricarbonylg;®-
naphthalene)chromiuth in warm tetrahydrofuran for 90
min provided an unexpected result: a 1:9 mixture 9af

coordinated ruthenacycles: according to the data deposited withand 9b was produced with an overall yield of 37% (Scheme

the Cambridge structural databa&3eall structures show a
parallel arrangement of the [C,L] units.

In view of our previous observations on the composition of
2 and assuming again that tineonomerization procedskes
place with retention of relative configuration, we tentatively
conclude that all isomers of possess the same local relative
configuration.

Reaction of Anionic Bidentate Ligands with Planar-Chiral
Chloro-Bridged Dimers: Signs of Configurational Lability.
The treatment of with acetylacetone (abbreviatedatag in
the presence of excess XD; afforded a 5:1 mixture of two
compounds9a and9b, with an overall yield of 68% (Scheme
3). A pure sample ofa was obtained by fractional recrystal-
lization of this mixture and characterized structurally by X-ray
diffraction analysis.

Figure 7 displays a CCDC Mercury drawing of this complex,
which possesses the relatinae-(pR-OC-6-43-C) configuration.

(22) The reader is referred to the structures with the following CCDC
reference codes. LUQMOZ: Osintseva, S. V.; Dolgushin, F. M.; Petrovskii,
P. V.; Shtel'tser, N. A.; Kreindlin, A. Z.; Rybin, L. V.; Rybinskaya, M. I.
1zv. Akad. Nauk SSSR, Ser. Khiz002 1610-1619. VIGWIR: Osintseva,

S. V.; Petrovskaya, E. A.; Rybin, L. V.; Kreindlin, A. Z.; Dolgushin, F.
M.; Yanovsky, A. |.; Petrovskii, P. V.; Rybinskaya, M. lzv. Akad. Nauk
SSSR Ser. Khin200Q 1616-1623. See also: Zhang, Q. F.; Cheung, K.
M.; Williams, I. D.; Leung, W. H.Eur. J. Inorg. Chem2005 4780-4787.

4). This reversed product ratio, which putatively illustrates
the precedence of path a over path b in Scheme 4, can
reasonably be explained by a directing effect ofdhacligand.
In this case, the Cr(C@ransfer process is assisted by the
binding of the Cr center to the axial oxygen atom of the
acetylacetonato ligand ofll, as depicted in Scheme 4.
This facial selectivity of ther-coordination ofl11l somewhat
parallels other known cases of face-selective transfer of Cr-
(CO); to metal-free arene ligands containing ancillasgionating
substituentg®

It is important to note here that neith@a or 9b isomerized
into 9b and 9a, respectively, upon heating in dry and distilled
ds-toluene; rather they decomposed slowly over 24 h, as
indicated by'H NMR monitoring.

In order to evaluate the importance of the steric factor
over the distribution of isomers, we decided to submit complex

(23) Eaton, G. R.; Eaton, S. 3. Am. Chem. S0d.975 97, 235-236.
(24) (a) Morley, J. A.; Woolsey, N. RI. Org. Chem1992 57, 6487
6495. (b) Uemura, M.; Minami, T.; Hirotsu, K.; Hayashi, ¥.Org. Chem.
1989 54, 469-477. (c) Desobry, V.; Kndig, E. P.Helv. Chim. Actal981,
64, 1288-1297. (d) Strohmeier, W.; Mittnacht, Lhem. Ber196Q 93,

2085-2086.

(25) (a) Paley, R. SChem. Re. 2002 102 1493-1523. (b) Uemura,
M.; Minami, T.; Hayashi, Y.J. Am. Chem. Sod.987, 109 5277-5278.
(c) Uemura, M.; Kobayashi, T.; Isobe, K.; Minami, T.; Hayashi JYOrg.
Chem.1986 51, 2859-2863.



Planar Pro-chiral ¢;5-Arene)tricarbonylchromium Complexes Organometallics, Vol. 26, No. 17, 20087

Figure 6. (a) CCDC Mercury “ellipsoid” diagram ofa drawn at the 30% probability level. Hydrogen atoms and:Clkimolecules have
been omitted for clarity. (b) CCDC Mercury “ellipsoid” diagram &f drawn at the 40% probability level. Hydrogen atoms and the PPN
countercation have been omitted for clarity. Selected interatomic distances (A) and angles (deg) Ru(1)-Cl(1) 2.475(2), Ru(1y
Cl(2) 2.521(3), Ru(2yCl(1) 2.486(3), Ru(2Cl(2) 2.535(3), Ru(1}yN(1) 2.180(9), Ru(1}yC(17) 1.883(12), Ru(+)C(16) 1.845(10),
Ru(1)-C(10) 2.050(10), Ru(2)C(24) 2.033(10), Fe(1H)C(10) 2.090 (11), C(16)Ru(1)-N(1) 79.6(4), Ru(1)}CI(1)—Ru(2) 98.31(8),
Ru(1)-Cl(2)—Ru(2) 95.86 (8), C(24YRu(2)-N(2) 79.4(4), CI(1>Ru(1)}-CI(2) 83.16(8). Selected interatomic distances (A) and angles
(deg) for8—: Ru—C(7) 2.047(2), Ru-Cl(1) 2.4450(4), Ru-Cl(2) 2.5036(5), RerN(1) 2.165(1), Re-C(16) 1.849(2), RuC(17) 1.840(2),
Fe—C(7) 2.118(1), FeC(10) 2.027(2), C(16y0(1) 1.143(2), C(1#0(2) 1.145(2), N(1yRu—C(7) 79.07(6), Cl(1}Ru—CI(2) 88.06,
Cl(2)—Ru—C(16) 98.23(5), N(1)yC(5)—C(6)—C(7) 4.59.

2 and7 to a treatment with 1,1-bis(2-benzoxazolyl)mettt&ne
(abbreviated Hbomaccording to Cenini et al.) in the presence
of N&CQOs: this ligand, a bulky “diaza analogue” ofadag is
reportedly capable of forming particularly stable metal-
chelates upon deprotonation according to Pagani € dhe
experiment carried out witl?2 afforded a mixture of two
products, i.e.10a and 10b in a 9:1 ratio (Scheme 3). These
two compounds displayed different IR spectra consisting
for 10a of four bands appearing at c2051, 1987, 1957,
and 1885 cm! and for 10b of two bands at 2041 and
1973 cnr?, indicating that the latter was missing the Cr(GO)
moiety. Consistently, thé3C NMR spectrum of the latter
did not display any singlet at around 236 ppm. Compound
10awas recovered upon chromatographic purification in 80%
yield. Compoundl0b was recovered only in trace amounts.
Compound? treated similarly with Hbbom converted into a
single product, viz 12, which was recovered in 63% yield

(eq 4).

o]
)Wf Figure 7. CCDC Mercury ellipsoid diagram ofa drawn at

| N N VWN)o the 40% probability level. Hydrogen atoms have been omitted

Hbbom, NayCO, 2N I /N© for clarity. Selected interatomic distances (A) and angles (deg) for
— Bul @ 9a: Ru—C(11) 2.056(4), RttN(1) 2.121(4), Re-O(1) 2.089(3),
1.2-dimethoxyethane &o o0 Ru—0(2) 2.121(3), Re-C(17) 1.876(5), RerC(18) 1.863(5), Cr
: C(11) 2.306(4), G+C(8) 2.208(5), O(1)}C(12) 1.280(6), C(12
FeCp 12 C(13) 1.391(7), C(13)YC(14) 1.387(8), C(14Y0(2) 1.279(6),

N(1)—Ru—C(11) 79.3(2), C(6) C(11)-C(10) 117.3(4), O(1yRu—
CompounddlOaand12 share strong similarities with regard  O(2) 88.8(1), C(17-Ru—C(18) 90.4(2), N(1>-C(5)—C(6)—C(11)
to their structure (Figure 8): in both cases the planar-chiral 0.05.
ruthenacycle has thendogeometry with aac-(pR, OC-6-42-
C) relative configuration. Both thiebomand the chelating [C,L]
o (260) h(a) égggtt&, ,2.7;5I§£ev§17¢':\7n21anbte,BS.;AFacchﬁtti,LA.';\t PagJang <|3J.A. ligands are slightly folded. The shortest distance separating
rg. em s . en Amar, H.; Le Noe, J.; salem, i
M. Kaddachi, M. T.. Dixneut, p. ) Organomet. Chen2002 662, 63— H(16), viz, the hydrogen atom connected to atom C(16), from
69. (c) Ragaini, F.; Pizzotti, M.; Cenini, S.; Abbotto, A.; Pagani, G. A.; Pbomamounts to 2.53 and 2.59 A Daand12, respectively
Demartin, F.J. Organomet. Cheni995 489, 107-112. (Figure 8). The distortion of thbbomligand is best described




4188 Organometallics, Vol. 26, No. 17, 2007 Hijazi et al.

a) o7

Figure 8. (a) CCDC Mercury “ellipsoid” diagram ofOadrawn at the 40% probability level. Hydrogen atoms and molecules of acetone
have been omitted for clarity. (b) CCDC Mercury “ellipsoid” diagrani@fdrawn at the 40% probability level. Hydrogen atoms have been
omitted for clarity. Selected interatomic distances (A) and angles (dedPor Ru—C(26) 2.057(2), Rt-N(1) 2.158(2), RerN(2) 2.152-

(2), Ru—N(3) 2.136(2), Rut-C(28) 1.874(3), Ra-C(27) 1.873(3), CrC(26) 2.314(2), CrC(23) 2.227(3), N(1)yC(7) 1.327(3), C(r

C(8) 1.399(4), C(8)yC(9) 1.380(4), C(9yN(2) 1.340(3), C(9)-0(2) 1.381(1), C(6)0O(1) 1.383(3), C(26yRu—0(3) 78.5(1), N(1)-Ru—

N(2) 85.37(8), C(27rRu—C(28) 87.7(1), C(21C(26)-C(25) 116.9(2), C(26yC(21)-C(20)-N(3) 1.99. Selected interatomic distances
(A) and angles (deg) fot2: Ru—C(25) 2.063(2), RaN(1) 2.154(2), Ra-N(2) 2.174(2), Ru-N(3) 2.169(2), Re-C(31) 1.867(3), Rut
C(32) 1.856(2), FeC(25) 2.118(2), Fe C(22) 2.022(2), N(1)yC(7) 1.325(3), C(7rC(8) 1.382(3), C(8)C(9) 1.385(3), C(9yN(2) 1.333-

(3), C(9-0(2) 1.382(3), C(7rO(1) 1.384(3), C(25yRu—N(3) 78.64(8), N(1)Ru—N(2) 85.28(7), C(31yRu—C(32) 88.4(1), C(25y
C(21)-C(20)-N(3) 6.98.

Scheme 4. Face-Selective Transfer of the Cr(C@Moiety ring to the other in favor oPa. Metallotropic rearrangements
from Tricarbonyl( %-naphthalene)chromium to Compound in scalemic (nonracemic) chiraj§-arene)tricarbonylchromium
complexes have been investigated and evidenced by Oprunenko
in the recent past. Uemura recently reported a striking case
of inversion of planar configuration with a scalemic tricarbo-

(CONs(L)Cr, Me ; o : ;
\\0,3 nylchromium benzylalcohol derivative, which underwent epimer-
N o Me L ization upon heating in a nonaromatic ligat¥c-However, the
Rl — % thermal stability of both9a and 9b mentioned previously
&o° seemingly invalidates the hypothesis of a metallotropic rear-
rangement.
(iii) The chelation of the Ru center bgicac or bbom s
[pano] - THF subjected to polytopal isomerizati®rby a multistep reversible
-path b) - = 4. . . . .
l : Oz (. (n"naphihalene) Berry pseudorotatiofl of putative five-coordinate electron-

deficient intermediates involvingnonodentate acasuch asA
. andB (Scheme 5), formed in the course of the reactior? of
by the interplanar angle formed between two benzoxazolyl \yith Hacac It is generally admitted that under thermodynamic
fragments, which amounts to 18.4h 10a and 21.8 in 12 control electronic effects, such @mnsinfluencé! and anti-
Likewise, the distortion of the [C,L] chelating unit is character- symbiosis2 impact the stereochemical course of reactions that
ized by a significant bending of the chelate’s plane toward either {5y place at a metal center. Steric interactions may also play a
the Cr(CO) or the CpFe moiety: the interplanar angle between q\q by favoring the formation of the less sterically encumbered
the mean plane of the pyridyl moiety and that of the cyclopen- hroqyct. In the present systemaifiti-symbiotic effects compel
tadienyl and the aryl fragments amounts to 24ad 14.9 in the z-acidic carbonyl ligands to adopt (i)ds configuration at
10aand12, respectively. , o the Ru center and (ii) drans position with respect to the

In the reaction o2 with Hacacunder basic conditions, three relatively hards-donating atoms of the two chelating units, there
hypotheses could be produced to rationalize the formation of oams to be no major intervention of a steric control upon the
minor compoundb: _ , _ orientation of theacacligand in the final products. Geometry

(i) Starting compound is not configurationally homoge-  niimizations using the density functional theory (B3LYP/
neous; it contains unknown amounts of the ruthenacycéxof LANL2DZ (Cr, Ru), 6-31G*) indicated that the energy

geometry, and the chelation of the ruthenium center by gitference betwee®a and9b was only ca. 0.57 kcal/mol, the
homobidentate ligands does not perturb the configuration at

ruthenium. This hypothesis, which questions the conclusions (27) Oprunenko, Y. F.; Malyugina, S. G.; Nesterenko, P.: Mityuk, D.;
drawn previously on thetereochemical homogeneity com- Malyshev, 0.J. Organomet. Chen200Q 597, 42—47.

pound2, is not valid in our opinion. Even though compound (28) Kamikawa, K.; Sakamoto, T.; Tanaka, Y.; Uemura, }M.Org.

; ; i Chem.2003 68, 9356-9363.
0, d
9b represents about 20% of the recovered admixture in which (29) (a) Muetterties, E. LJ. Am. Chem. Sod969 91, 1636-1643. (b)

9ais the major component, neither direct or indirect evidence myetterties, E. LJ. Am. Chem. Sod969 91, 4115-4122.

was found to support tha® contained the same amount of I(30) Casanova, Dh.; Cirera, J.; Llunell, M.; Alemany, P.; Avnir, D.;
Alvarez, S.J. Am. Chem. So@004 126, 1755-1763.

ruthenacycle oExogeometry. (31) Burdett, J. K.; Albright, T. Alnorg. Chem1979 18, 2112-2120.

(i) 9a and 9b interconvert by a heat-promoted transfer of (32) (a) Jorgensen, C. Knorg. Chem1964 3, 1201-1202. (b) Pearson,

the Cr(CO} group from one face of the chelate’s phenylene R. G.Inorg. Chem.1973 12, 712-713.

9a
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Scheme 5. Proposed Mechanism for the Formation of

Minor Isomer 9b from the Reaction of Dimeric
Planar-Chiral Metallacycle 2 with Acetylacetonate
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r(CO),

o
ol Jl
2Ny, WO isotopal rearrangement
R
SNeo = -
.
Cr(Co);s
9b 9a

latter being slightly more stable (cBupporting Information).
Hence, it appears that the formation @4 and 9b should be
thermodynamically equally favored.

Therefore, we speculate that the unbalanced ratRaiand
9b in the reaction of2 with Hacac is most probably a

Organometallics, Vol. 26, No. 17, 20089

Scheme 6. Yields Are Given Relative t@ac-2 and rac-7
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pounds, which crystallized in non-centrosymmetric space groups,
are displayed in Figure 9 and Figure 10. As expected, the three
structures possess thadotype geometry with a Ru-bound CO
axial ligand sitting close to the Cr(C®and FeCp moieties.

consequence of an effective isotopal rearrangement of inter- pertinent values for Flack'sparamete validated the following

mediate five-coordinate speciésinto its isomerB (Scheme

assignment of absolute configurations for the structuré<lab

5). The lack of interconversion between related compounds, 5nq154 (5R, 5R, pS, OC-6-43-A) for both 14a([a]p —881 in

which was evidenced by the absence of isomerizatioftof
upon heating, rules out the polytopal isomerization of the final
electron-saturated six-coordinate ruthenium spegies.
Preparation of Scalemic (Nonracemic) Planar-Chiral
Cycloruthenated ComplexesIn light of the above-mentioned
results we undertook to probe the behavioRaind 7 toward
scalemic ligand (B5R)-13** (ee = 98%) in a base-assisted

CH,Cl;) and 15a ([o]p —1465 in MeOH) and (B, 5R, pR,
OC-6-43C) for 14b ([a]p —168 in CHCl,), planar as well as
carbo- and rutheno-centered chiralities being accounted for here.
A BR, 5R, pR, OC-6-43-C) configuration was assumed fbbb
([a]p +445 in MeOH) assuming that on steric grounds the chiral
diaza ligand was not likely to bind the Ru(ll) center ircis
fashion relative to the FeCp moiety. In light of these results,

reaction (Scheme 6). We expected that the two phenyl groupsihe gjightly favorable bias for diastereomerdb and 15b in

attached at the 5 and positions of the latter chiral ligand would
disfavor the formation of products exhibitiegotype geometry,
which in principle would lend access to pairs of nonracemic

the reaction of the chloro-bridged dimeric substrates izh
was tentatively ascribed to a weak chiral recognition, the reaction
of (5R,5'R)-13 with rac-2 and rac-7 being putatively B-

diastereomeric planar-chiral ruthenacycles displaying exclusively gajactive. We therefore attempted the resolutiomaat2 by

the endotype geometry. The treatment Bfand 7 with excess
13in the presence of N&O;s afforded pairs of diastereomers
14814band15a15bin 1:1.35 and 1:1.25 ratios, respectively.
All four compounds were readily separated by conventional

applying the “half-equivalent” metho®,which consisted in a

reaction of the former racemate with half an equivalent of
(5R,5R)-13 per Ru atom. To our disappointment, not only was
the yield of14ab poor but the ratio between these two species

chromatography at low temperature, isolated, and analytically \y4s found to be roughly equal to that found previously.

characterized.
The structures oi4a 14b, and15awere assessed by X-ray
diffraction analyses; CCDC Mercury diagrams of these com-

(33) (a) Soubra, C.; Oishi, Y.; Albright, T. A.; Fujimoto, thorg. Chem.
2001, 40, 620-627. (b) Lee, C. Y.; Wang, Y.; Liu, C. Snorg. Chem.
1991 30, 3893-3899. (c) Vancea, L.; Bennett, M. J.; Jones, C. E.; Smith,
R. A.; Graham, W. A. Glnorg. Chem.1977, 16, 897—902. (d) Tebbe, F.
N.; Meakin, P.; Jesson, J. P.; Muetterties, EJLAm. Chem. Sod97Q
92, 1068-1070.

(34) (a) Debono, N.; Djakovitch, L.; Pinel, @. Organomet. Chen2006
691, 741-747. (b) Debono, N.; Besson, M.; Pinel, C.; Djakovitch, L.
Tetrahedron Lett2004 45, 2235-2238. (c) Lee, A.; Kim, W.; Lee, J,;
Hyeon, T.; Kim, B. M. Tetrahedron: Asymmetr§004 15, 2595-2598.
(d) Hanessian, S.; Yang, R. Yetrahedron Lett1996 37, 8997-9000.
(e) Nakamura, M.; Arai, M.; Nakamura, B. Am. Chem. S0d.995 117,
1179-1180. (f) Corey, E. J.; Wang, Zetrahedron Lett1993 34, 4001~
4004.

A common structural feature df4a and 15ais the almost
parallel stacking of one of the phenyl groups of the chiral bis-
(2-oxazolyl)methylidene ligand with the [C,L] chelating unit.
This overlap is characterized by an interplanar angle 0f°10.3
in 14aand 12.4 in 15a In both cases, the shortest interplanar
distance amounts to ca. 3.3 A. In the structuré4tf, the phenyl
ring connected to C(1) remains roughly parallel to the 2-phe-
nylenepyridine moiety, although slightly shifted away from the
[C,L] ligand; itsipsoatom C(8) lies at the vertical of atom C(30)
with an interatomic distance C(8)IC(30) of 3.3 A.

(35) (a) Flack, H. D.; Bernardinelli, Gl. Appl. Crystallogr.200Q 33,
1143-1148. (b) Flack, H. DActa Crystallogr. A1983 A39, 876-881.

(36) Fogassy, E.; Nogradi, M.; Kozma, D.; Egri,;®alovics E.; Kiss,
V. Org. Biomol. Chem2006 4, 3011-3030.
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Figure 9. (a) CCDC Mercury “ellipsoid” diagram oi4a drawn at the 30% probability level. Hydrogen atoms have been omitted for
clarity (Flack’sx parameter:—0.012(14)). (b) CCDC Mercury “ellipsoid” diagram a#b drawn at the 30% probability level; hydrogen
atoms and molecules of GBI, have been omitted for clarity (Flackisparameter:—0.010(18)). Selected interatomic distances (A) and
angles (deg) fod4a Ru—C(31) 1.874(2), Rt-C(32) 1.882(2), RtrC(32) 1.882(2), RtrC(30) 2.063(2), RtrN(1) 2.131(2), Re-N(3)
2.141(2), Ra-N(2) 2.143(2), C+C(30) 2.302(2), CrC(27) 2.214(2), C(31yRu—C(32) 91.6(1), C(32yRu—C(30) 90.6(1), C(30yRu—

N(3) 78.61(7), N(1}Ru—N(2) 86.80(7), C(25)-C(30)—C(29) 116.4(2), C(26¥C(27)—C(28) 119.8(2). Selected interatomic distances (A)
and angles (deg) fot4b: Ru—C(32) 1.862(3), Ra-C(31) 1.879(3), Ru-C(31) 1.879(3), RtrC(30) 2.075(2), RerN(1) 2.134(2), Ru-

N(3) 2.149(2), Re-N(2) 2.171(2), C+C(30) 2.319(3), CrC(27) 2.214(3).: C(3HyRu—C(30) 87.2(1), C(30yRu—N(3) 78.6(1), C(32)

Ru—C(30) 94.9(1), N(1)}Ru—N(2) 86.71(8).

Figure 10. CCDC Mercury “ellipsoid” diagram ofl5a drawn at
the 30% probability level. Hydrogen atoms have been omitted for
clarity. (Flack’sx parameter: —0.020(11)). Selected interatomic
distances (A) and angles (deg): RG(29) 2.069(2), RerN(1)
2.134(2), Ra-N(2) 2.150(2), Re-N(3) 2.163(2), Re-C(35) 1.872-
(2), Ru—C(36) 1.864(2), FeC(29) 2.120(2), FeC(26) 2.025(2),
N(1)—C(3) 1.315(3), C(3rC(4) 1.388(3), C(4)yC(5) 1.390(3),
C(5)—-N(2) 1.314(2), C(3y0(1) 1.378(2), C(5y0(2) 1.376(2),
C(29-Ru—N(3) 78.51(7), N(1) Ru—N(2) 85.93(6), C(35)rRu—
C(36) 88.1(1), C(3yC(4)—C(5) 121.7(2).

Circular dichroisr spectra ofl4ab and15ab are displayed
in Figure 11. Because the CD responsesl4éd and 15a are
overall similar, it is tempting to consider the strong negative
Cotton effect observed in both cases at-3380 nm as a typical
chiroptical signature of their stereochemistry.

Conclusion

In this report we have shown that the cyclometalation of the
2-phenylpyridine chromium completc with [Ru(COXCl;], was
relatively efficient. At this stage, the lack of reactivity WNfN-

(37) Circular Dichroism, Principles and Applications, Second Edition
Berova, N., Nakanishi, K., Woody, R. W., Eds.; Wiley-VCH: New York,
2000.

dimethylbenzylamine and 2-phenyl-2-oxazoline complekas
and 1b is somewhat surprizing. In a previous report dealing
with the ortho-mercuration of similar substrates, it was already
noticed that the latter two substrates were much less reactive
toward Hg(OAc) than 2-phenylpyridinelc, affording the
corresponding ortho-mercurated products in 38% and 17%
yield 38 It is important to note that there has been hitherto no
report of ortho-ruthenation of,N-dimethylbenzylamine and
2-phenyl-2-oxazoline by [Ru(C@l;], in the literature®®
Notwithstanding the possible relevance of the nature of the
ligand appended to thef-aryl)Cr(CO) moiety in the substrate,

we believe that the Cr(C®@)moiety sterically inhibits the
necessary preliminary coordination of the pendant ligand to the
electrophilic metal center. The salient feature of the cyclom-
etalation reactions presented here is their high diastereoselec-
tivity. As mentioned in the Introduction, such an outcome was
unexpected, and more efforts must now be dedicated in defining
the factors that determine the stereochemistry of the planar-
chiral products particularly at the chelated ruthenium center.
We anticipate that both steric and electrostatic repulsion govern
the stereochemical course of cyclometalation by asymmetric
OC-6 metal centers. To support this is the predominance of
isomers with theendetype geometry among all the products
described here.

Further studies will also have to give a ruling on the extent
of polytopal isomerization in the chemistry of six-coordinate
dicarbonyl ruthenium complexes, such as those reported herein.
For instance, the peculiar combination e{o- and endotype
metallacyclic geometries in compouBd might well stem from
a polytopal rearrangement in the process implying the replace-
ment of a chloro group by the hydroxo ligand in compl&x

Finally, in this report we have shown that scalemic planar-
chiral OC-6 ruthenacycles were readily accessible. However,
the use of an enantiopure bidentate anionic auxiliary is certainly
not the most direct way toward scalemic compougdsr 7.

(38) Berger, A.; de Cian, A.; Djukic, J.-P.; Fischer, J.; Pfeffer, M.
Organometallics2001, 20, 3230-3240.

(39) Davies, D. L.; Al-Duaij, O.; Fawcett, J.; Giardiello, M.; Hilton, S.
T.; Russell, D. RDalton Trans.2003 4132-4138.
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Figure 11. Molar circular dichroism (kmol~-cm™t) vs wavelength (nm) at 20C. (a) Circular dichrograms of 1® M solutions of
14a (continuous line) and4b (dashed line) in dry dichloromethane measunmedail mmoptical path length cell. (b) Circular dichro-
grams of 2.5x 10~ M solutions in absolute methanol @6a (continuous line) and5b (dashed line) measured & 1 cmoptical path

length cell.

All our attempts to remove chemically the bis(2-oxazolyl)-
methylidene fragment and release scaleand7 have hitherto
failed. Further efforts are currently under way to search for
viable alternative routes toward scalemic complexes suéh as
7, 3a, and3b, as they display high potentials for applications
in homogeneous catalysis.

Experimental Section

General Procedures All experiments were carried out under a

were generated by the DOSY module of the GIFA version 5.2
software developed by NMRTég.

Bis-u-chlorof{ dicarbonyl{ 2-[tricarbonyl( #%-phenylenexC?)-
chromium(0)]pyridine- N} ruthenium(ll) }, 2, and u-Chloro,u-
hydroxo-bis{ dicarbonyl{ 2-[tricarbonyl( #%-phenylene«C?)-
chromium(0)]pyridine- kN} ruthenium(ll) }, 3a and 3b.A mixture
of [Ru(COXCl,], (980 mg, 4.29 mmol)1lc (1.2 g, 4.12 mmol),
and NaCG; (1 g, 9.4 mmol) in dry and degassed 1,2-dimethoxy-
ethane (30 mL) was boiled for 15 h under argon. The orange
suspension was filtered to separate the yellow solid from the dark

dry atmosphere of argon with dry and degassed solvents. NMR red-orange liquor. The yellow-orange solid was washed with water

spectra were acquired on Bruker DRX 500, AV 408C(and'H
nuclei), and AV 300%H nucleus) spectrometers at room temperature

(50 mL), acetone (20 mL), pentane (50 mL), and dichloromethane
(50 mL) and dried under reduced pressure overnight. Compaund

unless otherwise stated. Chemical shifts are reported in parts pewas recovered as a yellow-orange powder displaying low solubility

million downfield of M&Si, and coupling constant are expressed
in Hz. IR spectra were measured with a Perkin-Elmer FT

in dimethylsulfoxide, acetone, 1,2-dimethoxyethaNg\-dimeth-
ylformamide, and chloroform (1.6 g, 83%). The red-orange liquor

spectrometer. Mass spectra were recorded at the Service of Masgvas diluted with CHClz, and silica gel was added. Solvents were
Spectrometry of University Louis Pasteur. Electrospray MS experi- removed under reduced pressure, and the coated %

ments were carried out with a MicroTOF Bruker spectrometer.

loaded at the top of a silica gel column packed in dry pentane

Elemental analyses (reported in % mass) were performed at theat 5°C. Two overlapping red bands containiBg and 3b were

Central Analytical Service of the CNRS at Vernaison, France.

eluted with a gradient of acetone increasing from 6% to 25% in

Chromatographic separations were performed at subambient tem-entane. The mixture a and3b was collected and stripped of

peratures with Merck Geduran silica (Si 60,480 «m) in columns
packed inn-hexane on-pentane with a maximum positive argon

solvent to afford a red-orange solid (223 mg, 11.4%). A sample
of pure3awas subsequently obtained by recrystallization from a

pressure of 0.5 bar. CD spectra were recorded with a JASCO 810concentrated solution in a mixture GEl, and pentane. Compound
spectropolarimeter with 1 cm and 1 mm optical path length quartz 2: Anal. Calcd for GzHigNO10CLCrRW*3CHCE: C, 31.76;
cells, and specific rotations were measured with a Perkin-Elmer H, 1.45; N, 2.12. Found: C, 31.94; H, 1.67; N, 1.93. IR (KBr
polarimeter in 10 cm optical length quartz cells at a wavelength of pellet)»(CO): 2049, 1995, 1957, 1878 ci *H NMR (C;D¢SO):

589 nm.

Crystallography. Data collection by andw scans foBc, [PPN]-
4,5, 73, [PPNB, 9a, 103 12, 144 14b, and15awere carried out
on a Nonius KappaCCD diffractometer using an Mo K1 =

0 9.42 (br d, H), 8.09 (m, H), 7.55 (br t, 2H), 6.38 (br d,
1H), 6.02 (br d, 1H), 5.80 (br t, 1H), 5.50 (br t, 1H) ppfdH}13C
NMR (C,DeSO): 6 236.7, 201.2, 193.9, 162.6, 159.9, 139.5, 136.5,
123.8, 120.9,114.6, 107.5, 95.0, 94.1, 90.5. Major component,

0.71069 A) X-ray source and a graphite monochromator. Experi- *H NMR (C3D7NO): 6 9.69 (d, H, 3J = 5.4, H,)), 8.17 (m, 2],
mental details are described in Tables 1 and 2. The crystal structuredipy), 7.58 (br, m, 1H, i), 6.43 (d, 1H,3] = 6.4, Hacy), 6.16

were solved using SIR97 and refined with ShelxI97.
Diffusion-Ordered 2D NMR (DOSY) Experiments. Spectra

(d, 1H,3J = 6.2, Hacr), 5.83 (t, 1H,3] = 6.4, Hurcr), 5.59 (t, 1H,
3] = 5.9, Huc) ppm.{H}13C NMR (C;D;NO): 6 236.5, 201.5,

were recorded on a Bruker Avance 500 spectrometer, at 11.7 T, at193.9, 163.2, 162.3, 149.8, 138.9, 123.1, 120.4, 114.2, 107.0,

the frequency of 500.13 MHz folH, using a 5 mm BBIBruker

94.2, 93.6, 90.0. Minor componertl NMR (C3D;NO): 6 9.50

gradient probe. Temperature was regulated at 298 K, and no(d, 1H, 3J = 5.4, H,), 8.31 (m, H, H,), 7.72 (t, 1H,3J = 5.9,

spinning was applied to the NMR tube. Diffusion-ordered NMR

Hpy), 6.57 (d, 1H3] = 6.7, Hacy), 6. 26 (d, 1H3J = 6.2, Hac),

experiments were performed with a pulsed field gradient stimulated 5.99 (t, 1H,3J = 6.7, Hycr), 5.69 (t, 1H,3) = 6.2, Hac).

echo sequence, using bipolar gradiefiBipolar gradient duration

13C NMR (CP-MAS, 500/125 MHz):6 237.7 (1C, Cr(CO)), 235.7

and diffusion time were respectively equal to 200 and 1.5 ms. The (2C, Cr(CO)), 195.5 (Ru(CO)), 191.9 (Ru(CO)), 167.4, 161.4,

evolution of pulsed field gradient during the NMR diffusion

150.4, 140.6, 130.7, 125.1, 123.0, 111.6, 103.9, 94.0, 91.7.

experiments was established in 20 steps, applied linearly betweenCompound3a: Anal. Calcd for GoHi7N,011CrCIRW:1/2CH;-
4 and 48 G/cm. Each step required 256 scans. 2D DOSY spectraCl: C, 39.44; H, 1.83; N, 2.83. Found: C, 39.40; H, 2.20;

(40) (a) Stejskal, E. O.; Tanner, J. E.Chem. Phys1965 42, 288—
292. (b) Tanner, J. El. Chem. Physl197Q 52, 2523-2526.

N, 3.01. IR (CHCI,) v(CO): 2044, 1977, 1954, 1886 cth 'H

(41) Delsuc, M. A.; Malliavin, T. EAnal. Chem1998 70, 2146-2148.
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Table 1. Crystal Data and Structural Refinement Details for the Structures of 3a, 3c, [PPN]4, 5, 7a, and [PPN]8

3a 3¢ [PPNU
formula C82H17C|CI'2N2011RU2 C29H17C|N208CI'RL12,C3H60 Q,2H33C|2N205P2CI’RU
mol wt 947.07 869.11 1056.75
cryst habit red block red block orange block
cryst dimens (mm) 0.16 0.10x 0.10 0.20x 0.20x 0.20 0.12x 0.10x 0.08
cryst syst triclinic monoclinic triclinic
space group P1 P2i/c P1
a(Ah) 8.8470(6) 16.297(1) 9.6520(2)
b (A) 13.1010(9) 28.842(1) 15.4920(3)
c(A) 16.4400(16) 13.838(1) 17.4660(3)
o (deg) 77.640(2) 68.6210(10)
B (deg) 82.649(2) 91.436(1) 84.5020(9)
y (deg) 77.564(6) 73.4510(8)
V(A3) 1810.9(2) 6502.3(7) 2331.13(8)
z 2 8 2
D (g cnr3) 1.737 1.776 1.506
F(000) 928 3440 1072
u(cm™) 1.534 1.384 7.91
T (K) 173K 150.0(1) 173(2)
60 max 30.01 30.03 30.07
hkl ranges —10/12;—18/18;—23/23 —22/22;—40/40; 0/19 —13/13,—21/21,—-24/24
no. of reflns measd 16 111 18619 13604
no. of unique data 10511 18 619 9343
no. of refins usedi(> 20(1)) 7097 13730 7169
no. of params refined 454 858 586
WR 0.1642 0.2905 0.1167
R 0.0617 0.0816 0.0490
GoF 1.013 1.056 1.047
diff peak/hole (e A3) 1.789(0.146)#0.857(0.146) 1.981(0.24AHA1.764(0.247) 0.929(0.088)/1.240(0.088)
Flack’'sx param
5 7a [PPNJ8
formula (:21H13C|N205CFRU Q4H24C|2N204FQRU,2(C|‘bC|2) CagH3zoN Pz,C17H12C|2N02FeRLI
mol wt 561.85 1079.14 1028.65
cryst habit vermilion plate vermilion block vermilion block
cryst dimens (mm) 0.26 0.18x 0.04 0.10x 0.10x 0.10 0.22x 0.18x 0.12
cryst syst monoclinic triclinic triclinic
space group P2;/c P1 P1
a(hd) 8.533(1) 11.5130(8) 10.137(1)
b (A) 17.422(1) 13.3500(9) 14.365(1)
c(A) 14.069(1) 14.5880(12) 16.712(1)
o (deg) 116.896(5) 84.883(1)
f (deg) 95.806(1) 101.656(4) 76.604(1)
y (deg) 96.700(5) 78.399(1)
V (A3) 2080.8(3) 1902.0(3) 2316.7(3)
z 4 2 2
D (g cm3) 1.794 1.884 1.475
F(000) 1112 1064 1048
w(em™) 1.413 1.990 0.867
T (K) 150.0(1) 173(2) 150.0(1)
0 max 27.48 27.86 30.02
hkl ranges —11/11,—20/22,—18/18 —15/14,—15/17,—19/18 —14/14,—20/20,—23/22
no. of refins measd 7625 13323 20 088
no. of unique data 4723 9004 13503
no. of reflns usedI(> 20(l)) 3704 5712 11334
no. of params refined 280 461 568
WR 0.0880 0.2031 0.0875
R 0.0333 0.1099 0.0315
GoF 1.008 1.070 1.059
diff peak/hole (e A3) 0.786(0.086)+-0.694(0.086) 1.241(0.168)1.151(0.168) 0.781(0.067/0.632(0.067)

Flack’sx param

1 = ol — |Fe ol- = (XW||Fol — |Fc||ZYw]|Fol?)Y2 °Note: The unction indicated that the sample presents a
aR [IFol = |Fcll/|Fol. "WR, [|Fol — |FellZ3W|Fo|?)Y2 N The PLATON TWINROTMAT function indi d that th |
small twin component by 2-fold rotation aboukt 0 Oreciprocal space direction (BASF 0.18).

NMR (C3DeO, 400 MHz): 6 9.57 (d, H, % = 5.4, H,), ¢ (RuCO), 195.6 (RuCO), 163.5, 162.4, 151.8, 151.4, 141.2, 140.7,
9.46 (d, H, % = 5.4, H,), 8.32 (t*, 1H, 3J = 7.7, H,), 8.27 136.6, 131.9, 126.2, 125.1, 121.9, 115.7, 112.4, 108.8, 105.4,

(t*, 1H, 3J = 8.0, H,y), 8.17 (d, H, 3 = 7.9, H,), 8. 08 (d, H, 96.6, 94.4, 93.7, 91.1, 91.08, 87.7. Compowid H NMR
3] = 8.0, Hy), 7.89 (t*, 1H,3) = 5.6, H,), 7.79 (t*, 1H,3) = 5.4, (CDCls, 400 MHZ): ¢ 9.54(d, H, 3J = 5.6, H,,), 8.08 (t*, 2H, 3J
Hpy), 6.21 (d, 1H23J = 6.7, Hycy), 6.00 (d, 1H3J = 6.9, Hyc), = 8.0, Hy), 7.69 (d, H, 3J = 8.1, H,), 7.69 (t*, 2H,3] =7.4,

5.93 (t, 1H,3) = 6.2, Hacr), 5.85 (d, 1H:3) = 6.5, Hucy), 5.72 Hpy), 5.70 (d, 2H3J = 6.5, Huycy), 5.58 (t, 2H,3) = 6.3, Hacy),

(d, 1H,3J = 6.2, Hycy), 5.66 (t*, 1H,3J = 6.5, Hycr), 5.35  5.39 (t*, 2H,3] = 6.4, Hucy), 5.08 (t*, 2H,3 = 6.1, Hac), —3.3

(t*, 1H, 3J = 6.2, Hucr), 5.35 (t*, 1H,3] = 6.3, Hacy), —2.92 (s, 1H, Ru®d). {1H}13C NMR (CDCk, 100 MHz): ¢ 233.8 (Cr-

(s, 1H, RuG). {3H}13C NMR (CsDO, 400 MHz): 6 235.7 (Cr-  (CO)), 198.3 (RuCO), 193.3 (RuCO), 162.6, 151.1, 139.5, 130.3,
(COY), 235.4 (Cr(COY), 199.0 (RuCO), 198.4 (RuCO), 195.68 123.9, 120.1.109.5, 104.1, 92.5, 90.9, 87.6.
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Table 2. Crystal Data and Structural Refinement Details for the Structures of 9a, 10a, 12, 14a, 14b, and 15a

9a? 10& 12
formula C21H15NO7CI'RU C81H17N307CI'RU,1/2(QHGO) C32H21F8N304RU
mol wt 546.41 727.10 668.44
cryst habit orange plate orange block orange block
cryst dimens (mm) 0.2% 0.13x 0.02 0.20x 0.16x 0.16 0.16x 0.16 x 0.14
cryst syst triclinic monoclinic monoclinic
space group P1 P2:/n P2i/c
a(A) 6.536(1) 14.161(1) 13.137(1)

b (A) 8.366(1) 13.992(1) 11.616(1)
c(A) 18.743(1) 15.2740(1) 17.177(1)
o (deg) 81.955(1)

p (deg) 84.080(1) 105.695(1) 92.078(1)
y (deg) 85.724(1)

V (R3) 1007.5(2) 2913.6(3) 2619.5(3)
z 2 4 4

D (g cnrd) 1.801 1.658 1.695
F(000) 544 1462 1344
u(cmt) 1.334 0.949 1.176

T (K) 150.0(1) 150.0(1) 150.0(1)
Omax 27.45 30.03 30.02

hkl ranges —8/8,—10/10,—8/24 —19/19,-19/16,—21 /21 —18/18,—16/16,—24/ 24
no. of refins measd 4551 15018 14121
no. of unique data 4551 8498 7634

no. of reflns usedI(> 20(1)) 3890 7053 5461

no. of param refined 283 389 370

WRy 0.1246 0.1396 0.0901

R 0.0460 0.0407 0.0357
GoF 1.078 1.113 0.995

diff peak/hole (e A3) 0.773(0.119)+1.244(0.119) 1.419(0.118)0.987(0.118) 1.713(0.091)0.772(0.091)
Flack’'sx param

1l4a 14b 15a
formula GsHosCrNsO7Ru 035H25CI’N307RU,CH2C|2 CsgHogFeNsO4RU
mol wt 752.65 837.58 724.54
cryst habit vermillion block vermilion plate vermilion plate
cryst dimens (mm) 0.26 0.18x 0.15 0.22x 0.20x 0.08 0.22x 0.22x 0.14
cryst syst monoclinic orthorhombic orthorhombic
Space group P2; P2,2,2; P2,2:2,

a(h) 9.101(1) 10.785(1) 9.600(1)
b (A) 10.307(1) 11.946(1) 13.460(1)
c(A) 16.428(1) 26.128(1) 23.374(1)
o (deg)

f (deg) 95.100(1)

v (deg)

V (A3) 1534.9(2) 3366.3(4) 3020.3(4)
z 2 4 4

D (g cm3) 1.629 1.653 1.593
F(000) 760 1688 1472
u(em™) 0.902 0.985 1.027
T(K) 150.0(1) 150.0(1) 150.0(1)
0 max 30.03 30.03 30.03

hkl ranges —12/12,—14/12,—-23/23 —15/15,—12/16,—36/36 —13/13,—18/18,—32/32
no. of refins measd 7411 17 743 8664
no. of unique data 7411 9653 8664

no. of reflns used!(> 20(l)) 7242 9021 8352

no. of params refined 425 452 407

WRy 0.0657 0.0938 0.0666

R 0.0238 0.0351 0.0248
GoF 1.024 1.050 1.032

diff peak/hole (e A3) 0.793(0.062)+0.548(0.062) 0.813(0.096)0.965(0.090) 0.626(0.064)0.804(0.064)
Flack’sx param —0.012(14) —0.010(18) —0.020(11)

aThe sample was found to be twinned by 2-fold rotation aboetGtD 1reciprocal lattice direction; twin ratio 0.91/0.09, BASF0.09.°An acetone
molecule located near a symmetry center was accounted for using the PLATON SQUEEZE function.

Synthesis of Bis(triphenyl)phosphoranylideneammoniuntac- residue dissolved in dry Gi€l, (5 mL). Dry, distilled pentane
(pPR,0C-6-42-C)-dicarbonyl,dichloro{ 2-[tricarbonyl( #%-phenylene- was then added to induce the precipitation of anion [PRNhich
«Cl)chromium]pyridine- N} ruthenate, [PPN]4. A mixture of was recovered as an orange solid (105 mg, 96.1%). Anal. Calcd
2 (50 mg, 0.051 mmol) and bis(triphenyl)phosphoranylidene- for Cs;H3gN,OsCl,CrRuR: C, 59.10; H, 3.62; N, 2.65. Found:
ammonium chloride (120 mg, 0.209 mmol) in acetone C, 58.79; H, 4.02; N, 2.21. IR (Ci€l,) »(CO): 2039, 1969,
(15 mL) was stirred fo 2 h atroom temperature. The resulting 1947, 1871 cmt. 'H NMR (CDCls, 500 MHz): 6 9.70 (d, H, 3J
solution was filtered through Celite in order to remove the re- = 4.9, H,), 7.77 (t*, 1H, 3] = 7.6, H,), 7.62-7.41(m, 30 H,
maining suspension, and the filtrate was passed thr@ud cm Hepn), 7.56 (d, H, 33 = 8.7, H,), 7.21 (t*, 1H,%] = 6.1, H,)),

long column of SiQ packed in a Pasteur pipet. The resulting 6.04 (d, 1H,3J = 6.3, Hacr), 5.73 (d, 1H,3] = 6.4, Hacy),
eluate was evaporated to dryness under reduced pressure and th&40 (t*, 1H, 3J = 6.4, Hacr), 5.20 (t*, 1H,3J = 6.1, Harcy).
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13C{*H} NMR (CDCls, 125 MHz): 6 235.5 (Cr(COy), 199.6
(RuCO), 192.8 (RuCO), 162.4, 150.4, 137.4 (2C), 133.6 (PPN),
131.75 (PPN), 129.3 (PPN), 126.8§ipso= 107), 122.3, 119.0,
112.0, 105.7, 92.3, 92.2, 88.5'P NMR (CDCEk): ¢ 21.26.
HRMS (ES") calcd for GgHgNOsCI,CrRu: 517.8235. Found:
517.8540. HRMS (ES calcd for GgHzoP.N: 538.1848. Found:
538.1891.

Preparation of rac-(pR,0C-6-42-C)-Dicarbonyl,chloro{ 2-[tri-
carbonyl(n8-phenylene«C)chromium]pyridine- «N} -
pyridineruthenium, 5. A mixture of complex2 (75 mg, 0.07
mmol) and pyridine (12.%L, 0.15 mmol) in THF (15 mL) was
refluxed for 24 h under argon. The resulting solution was cooled
to room temperature and filtered through a thin mixture of Celite
and silica. The filtrate was concentrated to 8anL, and pentane
was added to induce the precipitation ®fThe supernatant was
removed by suction, and the solid was filtered and further
recrystallized from dry pentane (70 mg, 85%). Anal. Calcd for
C21H130sNL,CrRWwCH,Cly: C, 43.20; H, 2.47; N, 4.58. Found: C,
43.60; H, 2.52; N, 4.90. IR (C}€l,) »(CO): 2057, 1992, 1958,
1878 cn™. H NMR (CDCl): 6 9.68 (d, 1H, 3J = 5.6, Hopy),
8.48 (M, 2H, Hy), 7.93 (t, 1H3J = 8.0, Hbrypy), 7.68 (t*, 1H,3) =
7.6, Hy), 7.53 (d, 1H3J = 8.0, Honpy), 7.46 (t, 1H2I = 5.6, Honpy),
7.21 (t*, 2H,3) = 5.3, Hy), 6.12 (d, 1H3J = 6.2, Harcr), 5.60 (d,
1H, 3] = 6.5, Hawcr), 5.50 (t, 1H,3J = 6.4, Harcr), 5.34 (t, 1H,3J
= 6.2, Harcr). {*H}13C NMR (CDCk): 6 234.1 (Cr(C0y), 198.6
(Ru(CO)), 193.8 (Ru(C0O)), 163.3, 151.6, 150.3, 139.4, 138.5, 133.5,
125.2, 123.9, 119.8, 109.6, 104.4, 92.9, 91.7, 87.4.

Synthesis ofcis-Dicarbonyl[acetylacetonatox O« O?{ 2-[tri-

carbonyl(n8-phenylene«C)chromium]pyridine- «N} -
ruthenium, rac-(pR,0C-6-43-C)-9a andrac-(pR,0C-6-43-A)-9b.

through Celite, the filtrate was concentrated tokamL, and silica

gel was added. Solvents were evaporated under reduced pressure,
and the coated silica gel was loaded on the top of a silica gel column
packed in dry pentane at°C. A band containing a 9:1 mixture of

9b and9a as an orange powder (98 mg, 37%) was eluted with a
1:8 mixture of acetone and pentane. The eluate was concentrated
to ca. 10 mL, silica gel was added, and the solvents were evaporated
to dryness under reduced pressure. This coated silica was then
loaded on the top of a second column prepared like the previous
one. A fraction containindb (80 mg) was eluted with a 1:10
mixture of acetone and pentane. A second fraction contai®ing
(less than 10 mg) was eluted with a 1:8 mixture of acetone and
pentane. The resulting eluates were evaporated to dryness under
reduced pressure. An analytically pure sampl8lofvas obtained

by fractional recrystallization from a mixture of GEll, and pentane
followed by thorough drying under reduced pressure.

Synthesis ofrac-(pR,0C-6-42-C)-cis-Dicarbonyl[(bisbenzox-
azolyl)methylidene«N?* «N¥'{ 2-[tricarbonyl( n%-phenylenexC?)-
chromium]pyridine- N} ruthenium, 10a, andrac-(pR,0C-6-42-
C)-cis-Dicarbonyl[(bisbenzoxazolyl)methylidenexN¥ «N*"(2-
phenylenexCY,pyridine-«N)ruthenium, 10b. Complex2 (249 mg,
0.258 mmol), bisbenzoxazolylmethane (200 mg, 0.6 mmol), and
NaCO;s (65 mg, 0.6 mmol) in 1,2-dimethoxyethane (15 mL) were
refluxed for 15 h under argon. The resulting solution was extracted
with CH,Cl,, and the organic phase was washed with water, dried
over MgSQ, and filtred through Celite. The filtrate was concen-
trated to cal0 mL, and silical gel was added. This suspension
was stripped of solvent, and the resulting coated silica gel was
loaded on the top of SiOpacked in dry and distilled pentane. A
band containing compoundDa and 10b was eluted with a 9:1
Compound2 (350 mg, 0.36 mmol), 2-acetylacetone (0.082 mL, mixture of CHCl, and pentane, and they were recovered as a deep
1.44 mmol,) and N&CO; (152 mg, 1.44 mmol) were mixed in dry  orange powder upon removal of the solvents under reduced pressure.
dimethoxyethane (15 mL), and the resulting suspension was boiled The resulting solid was recystallized from CH@hd heptane and
for 15 h. The resulting solution was cooled to room temperature afforded solely compound0Oa, which was then submitted to full
and filtered through Celite. The orange filtrate was diluted with characterization (290 mg, 80.7% yield). Compout@ Anal.
dichloromethane, and the resulting solution was washed with water Calcd for GiH170;N3CrRu: C, 53.45; H, 2.68; N, 5.96. Found:
and dried over MgS@ The solvents were evaporated under reduced C, 53.15; H, 2.46; N, 6.03. IR (Ci€l2) »(CO): 2050, 1986, 1956,
pressure. The resulting residue was first recrystallized from dry 1884 cm™. ITH NMR (CDCly): 6 7.91 (d*, 1H, 3] = 5.6), 7.78 (t,
CHClyheptane to afford a 5:1 mixture 8 and9b (292 mg, 68%), 1H,3=17.6), 7.56 (d*, H,3J=7.9), 7.37 (d, 1H3) = 8.1), 7.34
which was subsequently recrystallized from dry £h/pentane (d* 1H,3=17.9), 7.29 (t*, 1H3) = 7.8), 7.13 (m, 2H), 7.01 (m,
to afford pure9a. Compoundda: Anal. Calcd for GoHzoN2O14- 1H), 6.81 (m, 2H), 6.45 (d, 1HJ = 6.1, Hacr), 5.62 (t, 1H3I =
CrRuyCH,Cly: C, 43.85; H, 2.74; N, 2.38. Found: C, 43.87; H, 6.3, Hacr), 5.57 (d, 1H,2) = 6.5, Haci), 5.35 (t, 1H,3) = 6.2,

3.04; N, 2.13. IR (CHCl,) »(CO): 2047, 1979, 1954, 1882 cth Harcr), 4.89 (s, 1H, Hy). {*H}**C NMR (CDCE): 6 234.67 (Cr-

IH NMR (CDCly): 6 8.16 (d,%) = 5.5, Hy), 7.92 (t, 1 H3) = (CO)), 199.2 (Ru(C0O)), 195.9 (Ru(CO)), 167.1, 163.7, 149.7,
8.1, Hy), 7.63 (d, L H3J=8.1, Hy), 7.29 (t, 1 H3) = 6.2, H,), 149.3, 148.9, 143.1, 141.1, 139.0, 133.3, 124.4, 122.8, 122.7, 121.7,
5.99 (d, 1H23) = 6.5, Hacr), 5.75 (d, 1H2J = 6.5, Hacr), 5.53 (1, 120.5, 119.9, 115.5, 114.3, 110.9, 109.2, 108.5, 107.5, 94.9, 90.2,
1H, 8] = 6.4, Harcr), 5.30 (t, 1H,3J = 6.2, Hacr), 5.25 (s, 1H), 86.5, 77.2, 59.8. Compouridb: IR (CDCls) »(CO): 2041, 1973
2.11 (s, 3H, CH), 1.68 (s, 3H, CH). {IH}13C NMR (CDCk): ¢ cm L. 'H NMR (CDClz, 294 K): ¢ 8.11(d, 1H,3J = 7.3), 7.95
234.7 (Cr(C0y), 198.7 (RUCO), 195.4 (RuCO), 189.2, 188.2, 163.4, (d*, 1H, 3] =5.6), 7.82 (d, 1H3J = 8.1), 7.73 (m, 2H), 7.50 (d,
147.8, 139.0, 132.6, 122.9, 119.9, 110.2, 105.7, 99.8, 92.8, 91.7,1H, 3 = 7.8), 7.2-7.4 (m, 4H), 7.09 (t, 1H3J = 7.6), 6.99 (m,
87.8, 28.2, 27.7. Compourgb: Anal. Calcd for G;H;1sNO;CrRu: 2H), 6.73 (t, 1H3J = 7.6), 6.58 (t, 1H3J = 7.6), 6.01 (d, 1H3J

C, 46.16; H, 2.77; N, 2.56. Found: C, 46.54; H, 3.13; N, 2.80. = 8.2), 5.02 (s, 1H){*H}3C NMR (CDCk): ¢ 200.1 (RuCO),
(CHCI) »(CO): 2045, 1977, 1958, 1889 cth *H NMR (CDCls, 197.3 (RuCO), 167.6, 167.3, 167.0, 156.0, 164.6, 149.5, 148.9,
400 MHz, 294 K): 0 8.01(d, 1 H3J = 5.5, H,), 7.90 (t, 1 H,3J 148.7,144.8,143.9, 142.5, 141.9, 138.5, 130.2, 125.2, 124.1, 123.0,
=76, Hy), 763 (d, 1 H3 =81, Hy), 7.27 (t, 1 H3 = 6.7, 121.9, 121.1, 120.2, 119.4, 115.2, 113.8, 109.0, 108.1, 59.2.

Hpy), 5.92 (d, 1 H3J = 6.3, Hupn), 5.56 (M, 2 H, Hpr), 5.33 (s, Synthesis ofcis-Dicarbonyl{5',5'-diphenyk 1,1-[bis(2-oxazolyl)-

1 H, Hacad, 5.15 (t, 1 H3J = 5.9, Happ), 2.12 (s, 3 H, CH), 1.88 methylidene«N? ,«N"} }{ 2-[tricarbonyl( #5-phenylenexC?)-

(s, 3 H, CH). {*H}*3C NMR (CDCk, 100 MHz): 6 235.1 (Cr- chromium]pyridine- <N} ruthenium, (5'R,5'R,pS,0C-6-42-A)-14a
(CO)), 189.5 (Ru(CO)), 188.7 (Ru(CO)), 163.2, 147.8, 140.7, and (5R,5'R,pR,0C-6-42C)-14b. A mixture of 2 (500 mg, 0.51
139.1, 134.9, 123.2, 119.7, 119.2, 111.4, 105.8, 100.0, 92.4, 89,mmol), (3R,5R)-13 (580 mg, 2.07 mmol), and N&O; (219.6 mg,
85.7, 28.1, 27.0. 2.07 mmol) in 1,2-dimethoxyethane was boiled for 15 h (25 mL).

IR

Reaction of (OC-6-43)<is-Dicarbonyl(acetylacetonatoxO',«O?)-
[2-(phenylenexCYpyridine- «N]ruthenium 11 with Tricarbonyl-
(78-naphthalene)chromium.Compoundl1 (200 mg, 0.48 mmol)

The resulting orange solution was then extracted with@ The
organic phase was washed twice with water (50 mL) and with brine,
dried over MgS@, and filtered through Celite. The filtrate was

and tricarbonylg8-naphthalene)chromium (129 mg, 0.48 mmol) concentrated to cd0 mL, and silica gel was added. The solvents
were dissolved in dry THF (15 mL), and the corresponding mixture were evaporated under reduced pressure, and the coated silica gel
was stirred at reflux for 90 min. The resulting solution was filtered was loaded on the top of a 30 cm long (2.5 cm diameter) silica gel
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column packed in dry pentane-a °C. A fraction containindl4a
was eluted with a 1:1 and a 9:1 mixture of @H, and pentane. A
second fraction containin@i4b was eluted with a 7:3 mixture of
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5H, Hep). {H}13C NMR (CDCh): 6 198.0 (CO), 194.4 (CO),
166.9, 150.5, 138.2, 119.9, 119.8, 101.5, 86.9, 75.3, 70.1, 69.8 (5C,
Cp), 63.9.

dichloromethane and acetone. The resulting eluates were evaporated Synthesis of Bis(triphenyl)phosphoranylideneammoniunmac-

to dryness under reduced pressure to affbtd (220 mg, 28.2%)
and 14b (298 mg, 38.2%) as yellow-orange powders. Both
compounds were recrystallized from @E/pentane mixtures.
Compoundl4a [a]p —881 (CHCI,, 26 °C, 1.8 x 1072 g/100
mL). Anal. Calcd for GsH2sNzO/CrRu: C, 55.85; H, 3.35; N, 5.58.
Found: C, 55.57; H, 3.59; N, 5.14. IR (GEl,) »(CO): 2042, 1974,
1952, 1878 cmt. 'H NMR (CDCl;, 400 MHz): ¢ 8.41 (dd, 1H,
3] = 5.5, Hy),7.66 (t*, 1H,3) = 7.9, Hy), 7.35 (M, 6H, Hhoxa+
Hpy), 6.90 (M, 2H, Hy + Hpnhoxd, 6.73(t*, 2H,3] = 7.0, Hbnox,
6.15 (d, 2H,23J = 7.3, Hbhoxd, 6.04 (dd, 1H3) = 6.2, Hya), 5.42
(d, 2H,3J = 6.4, Hacy), 5.16 (M, 2H, Hicr + Hoxa), 4.84 (d, 1H,
3] =5.9, Hacy), 4.68 (t*, 1H,3] = 8.4, Hya), 4.35 (M, 2H, Hyo),
4.25 (t, 1H,3) = 7.2, Hya), 4.22 (s, 1H, Hyy), 3.69 (d, 1H3] =
7.8, Hya). {IH}13C NMR (CDCk, 100 MHz): ¢ 235.2, 199.6,

(pR,0C-6-42-C)-cis-Dicarbonyl,dichloro[2-(ferrocenyl-«C1)-
pyridine-kN]ruthenate, [PPN]8. A mixture of 7 (50 mg, 0.056
mmol) and [PPN]CI (64 mg, 0.112 mmol) in acetone (15 mL) was
stirred fa 2 h atroom temperature. The resulting red-colored
solution was concentrated to.&mL, and dry pentane was added
to induce the precipitation of compound [PBNThe resulting solid
was washed with pentane and dried under reduced pressure (107
mg, 93%). Several attempts to obtain a consistent titration of carbon
element failed. We therefore complemented the analytical charac-
terization of [PPN§ by submitting it to high-resolution electrospray
mass spectrometry, which afforded pertinent results for composition
and purity. Anal. Calcd for &H4.N,O,Cl,P,FeRu: C, 61.88; H,
4.11; N, 2.72. Found: C, 64.55; H, 4.45; N, 2.50. IR (CH)
v(CO): 2024, 1947 cmt. IH NMR (CDCl, 294 K): 6 9.40 (d,

194.4,170.8,170.5, 163.6, 148.1, 143.5, 143.2,138.2, 132.1, 128.91H, 3J = 5.2Hz, Hpy), 7.2-7.8 (M, 32H, Hyy and Hpn'), 6.88 (t,
128.3,127.8,127.1,126.4, 125.3, 123.6, 120.2, 113.1, 106.9, 94.3,1H, 3J = 6.3Hz, Hpy), 4.63 (M, 1H, K), 4.48 (M, 1H, K), 4.32

90.4,86.5,77.2,74.5,74.4,72.8, 68.3, 54.3. Compdutid [o]p
—168 (CHCl,, 26 °C, 1.8 x 1072 g/100 mL). Anal. Calcd for
CssH25N30,CrRu-CH,.Clo: C, 53.63; H, 3.30 ; N, 5.28. Found: C,
53.47; H, 3.35; N, 4.97. IR (CiCl,) »(CO): 2044, 1976, 1954,
1881 cnrl. '1H NMR (CDCls, 400 MHz): 6 8.40 (d, 1H3J = 5.5,
Hpy), 7.88 (t*, 1H,30 = 7.9, H,), 7.56 (d, 1H3] = 8.0, H,), 7.45
(M, 2H, Hohoxd, 7.33 (M, 7H, Hhoxa+ Hpy), 6.90 (d, 2H3) = 5.7,
Hphoxd, 5.64 (M, 2H, Hc), 5.45 (d, 1H3J = 5.9, Hacr), 4.95 (M,
2H, Haer + Hoxa), 4.72 (t, 1H,3J = 8.7, Hya), 4.28 (t, 1H,3) =
9.1, Hya), 4.05 (s, 1H, Ky, 3.93 (dd, 1H3J = 6.2, Hyy), 3.84 (t,
1H,33=8.0), 3.78 (dd, 1H3J = 8.04, Hy,), 3.72 (d, 1H){*H}13C
NMR (CDCls, 100 MHz): 6 235.2 (Cr(CO)), 199.4, 190.3, 189.4,

(m, 1H, Hgp), 3.99 (s, 5H, Hp). {*H}*3C NMR (CDCk): ¢ 200.8
(Ru(CO)), 196.1 (Ru(CO)), 167.1, 150.6, 136.5, 133.9 (PPN), 131.9
(PPN), 129.5 (PPN), 126.74c = 110, PPN), 118.5, 118.4, 109.2,
87.5, 75.3, 69.5, 69.3 (Cp), 63.4. HRMS (Balcd for G/H;,-
NO.Cl,FeRu: 489.8634. Found: 489.8610. HRMS ({E&alcd for
CaeH3z0PoN: 538.1848. Found: 538.1835.

Synthesis ofrac-(pR,0C-6-42-C)-cis-Dicarbonyl[(bisbenzox-
azolyl)methylidene«NY ,«N"][2-(ferrocenylene+«C1)pyridine-
«N} ruthenium, 12. A mixture of 7 (80 mg, 0.09 mmol), 1,1-
bisbenzoxazolylmethane (64 mg, 0.256 mmol), andQ\ (70
mg, 0.66 mmol) in 1,2-dimethoxyethane (15 mL) was refluxed for
6 h under argon. The solution was concentrated td@anL, and

170.7,169.4, 162.9, 149.7, 143.0, 141.4, 138.5, 135.3, 129.3, 129.14jlica gel was added. This suspension was stripped of solvent, and
128.5,128.4,127.8, 126.8, 123.0, 119.8, 111.6, 107.6, 94.3, 89.8,the resulting coated silica gel was loaded on the top of & SiO

85.9, 77.2, 74.4, 73.7, 73.4, 66.9, 54.7.

Synthesis of Bi§cis-dicarbonyl,u-chloro[2-(ferrocenyl-«CY)-
pyridine-«N]ruthenium}, 7. A mixture of [Ru(CO}Cl], (50 mg,
0.219 mmol), 2-ferrocenylpyridiné (55 mg, 0.219 mmol), and
NaCO; (30 mg) in 1,2-dimethoxyethane (30 mL) was brought to

reflux for 8 h under argon. The resulting solution was evaporated

to dryness and the residue dissolved in,CH Silica gel was added
to the resulting solution, and the solvent was remawegacuoto

column packed in dry and distilled pentane. Compod2dvas
eluted with a 1:15 mixture of acetone and pentane and recovered
as an orange powder, which was recrystallized from a mixture of
CH.Cl, and pentane (71 mg, 63.3% vyield). Anal. Calcd for
CsH2iN3O4FeRu1/2CH,Cl,: C, 54.90; H, 3.11; N, 5.91. Found:

C, 54.74; H, 3.42; N, 5.68. IR (CDgIlv(CO): 2037, 1868 cmt.

IH NMR (CDCly): ¢ 7.67 (m, H, Hambomtpy), 7.55 (t, 1H,3) =

8.1, Hy), 7.23-7.34 (M, H, Hambomipy), 7-11 (t, 1H,31 = 7.9,

afford a coated silica gel, which was loaded on the top of a column Hpy), 6.92 (m, 1H, Hyom), 6.85 (t*, 1H,3] = 5.8, Hypon), 6.67 (M,

of SiO, packed in dry pentane. A mixture of at least three isomers 2H, Hypon), 4.94 (d, 1H,3) = 2.2, H), 4.76 (d, 1H,%) = 2.4,

of 7 present in a 2:1.5:1 ratio was eluted with a 1:6 acetone/pentaneHcy), 4.81(s, 1H, AfCHhpbon), 4.62 (d, 1H3J = 2.3, Hy), 4.00 (s,
mixture, and the corresponding fraction was evaporated to yield a 5H, Hep). {*H}*C NMR (CDCk, 300 MHz): 6 167.6, 167.2, 167.1,
red-colored solid (40 mg, 41% overall yield). The major isomer 149.4,149.3, 148.6, 143.8, 141.3, 137.8, 142.0, 122.4,121.1, 120.2,
was isolated (20 mg) by a second chromatographic separation, andl19.3, 118.7, 116.1, 114.3, 108.9, 107.8, 102.2, 88.1, 79.3, 77.2,
an analytically pure sample was crystallized by the solvent-layer 71.8, 70.6, 70.2, 64.7, 59.3, 59.1, 34.2, 30.9, 22.4, 14.1.

diffusion technique from a concentrated solution insCH using

Synthesis ofcis-Dicarbonyl{5',5"'-diphenyl{ 1,1-[bis(2-oxazolyl)-

n-heptane as the nonpolar solvent. It is important to note that the methylidene«N? «N*"1}} [2-(ferrocenylene«CY)pyridine-«N]ru-
latter proved to be unstable in solution and displayed some thenium, (5R,5'R,pS,0C-6-42-A)-15a and (3R,5'R,pR,0C-6-
propensity to isomerize partly over time into the two minor isomers 42-C)-15b. A mixture of 11 (100 mg, 0.17 mmol),R,R)-17 (189

obtained previously. Therefore, the characterizatiod¥yNMR

mg, 0.68 mmol), and N&0O; (72 mg, 0.34 mmol) in 1,2-

spectroscopy provided the spectrum of a mixture, from which we dimethoxyethane was boiledf& h (25 mL). The filtrate was
extracted the component that putatively belongs to the major isomer.concentrated to cd0 mL, and silica gel was added. Solvents were

A crystal of one of these diastereomers, €7g, which was suitable
for X-ray diffraction analyses, was obtained by the slow diffusion
of a CH,CI, solution of the above-mentioned major isomer into

evaporated under reduced pressure, and the coated silica gel was
loaded on the top of a silica gel column packed in dry pentane at
0 °C. The first fraction containing5awas eluted with a 1:9 mixture

n-heptane. The reported structure is not necessarily that of the majorof acetone and pentane. The second fraction contaibfitigwas

product of the ortho-ruthenation. Major component7of Anal.

Calcd for G4H24N20,CloFeRW,CH.Cl,: C, 40.07; H, 2.61; N,
2.60. Found: C, 40.01; H, 2.97; N, 2.85. IR (&) ¥(CO): 2030,
1957 cntt. *H NMR (CDCls, 294 K): 6 9.31 (d*, H, 3] = 5.7,

Hpy), 7.79 (t*, H, 3] = 7.6, Hy), 7.47 (d*, H, 3] = 7.8, Hpy),
7.32 (m, H, Hyy), 4.67 (dd, H, 3J = 2.5,4] = 0.9, H,), 4.28 (t,
1H,3] = 2.3, Hp), 4.22 (dd, 1H3J = 2.3,43 = 0.9, H,), 3.93 (s,

eluted with a 1:4 mixture of acetone and pentane. The resulting
eluates were evaporated to dryness under reduced pressure to afford
15a (37 mg, 16%) andl5b (45 mg, 19.5%) as orange powders.
The overall yield was 35.5% (82 mg). Both compounds were
recrystallized from CHGlpentane and C¥DH/pentanel5a [o]p
—1465 (MeOH, 20°C, ¢ 1.7 x 1072 g/100 mL). Anal. Calcd for
CseH29N304FeRUCHCI;: C, 52.67; H, 3.56; N, 4.98. Found: C,
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52.51; H, 3.99; N, 4.78. IR (C}€l,) »(CO): 2027, 1955 crrt. IH 3.66 (dd, 1H2J = 8.3, Hya). {H}13C NMR (CDCk, 75 MHz): 6

NMR (CDCls, 300 MHz): ¢ 8.18 (d*, 1H,3J = 5.3, Hy), 7.20- 200.5 (Ru(C0)), 196.2 (Ru(CO)) 170.5, 168.8, 166.8, 149.5, 144.1,
7.40 (M, 6H, Bnoxa + Hpy), 7.01 (t, 1H,3) = 6.7, H,,), 6.81 (t, 141.8,137.4,134.2,129.0, 128.7, 128.0 126.8, 125.6, 119.1, 104.2,
1H, 3] = 7.13, Horoxa), 6.68 (M, 2H, Hnoxa), 6.59 (d, TH3I = 7.8, 88.1, 78.2, 75.4, 74.3, 73.7, 73.2, 70.4, 69.4, 66.2, 63.9, 54.0.
Hpy), 6.13 (M, 2H, Hroxa), 5.26 (dd, 1H2J = 8.3, Hyy), 4.66 (t,

1H, 3] = 8.3, Hya), 4.47 (M, 2H, Hyy), 4.32 (dd, 1H2) = 8.1, Acknowledgment. The authors wish to gratefully thank Drs.
Hoxa), 43-21 (d, IHA = 7.5, Hxa), 4.13 (s, 1H, (PhoxalH), f-05 Philippe Bertani and Jesus Raya (Institut de Chimie) for carrying
(t, 1H,33 = 7.5, Hep), 3.9 (M, 6H, Hp + Hoxa), 3.56 (d, IHA) = out solid-state CPMAS NMR experiments. Prof. Snezana D.

7.4, Hep). {*H}3C NMR (CDCl, 75 MHz): 6 200.9 (Ru(CO)), zaric and Bojana Ostojic (Department of Chemistry, University
197.2 (Ru(CQ)), 170.8, 170.5, 167.5, 147.9, 143.9, 143.7, 137.0, of Belgrade) are acknowledged for the DFT computations

74.3, 74.2, 72.7, 70.0, 69.1, 66.6, 65.2, 5316b: [a]p +445 National Research Agency (Project ANR JCJC06-135016) are
(MeOH, 20 OC, c 1.7 x 1072 g/lOO mL) Anal Ca|Cd fOI’ acknowledged for flnanc|a| Support

CagHaoN30,FeRUCH;OH: C, 58.74; H, 4.41; N, 5.50. Found: C,
58.75; H, 4.16; N, 5.68. IR (CIT1,) »(CO): 2029, 1957*H NMR
(CDCls, 300 MHz): ¢ 8.28 (d*, 1H,3) = 5.5, H,), 7.74 (d, 1H,
3] = 7.1, Honoxd, 7.62 (t, 1H,3) = 7.4, H,), 7.4 to 7.2 (m, 6H,
Hphoa+ Hpy), 7.00 (t, 1H,3) = 5.7, Hy), 6.92 (M, 1H, Mo,
5.27 (t, 1H,3] = 8.8, Honoxd, 5.00 (t, 1H3J = 9.1, H,,»), 4.81 (dd,

Supporting Information Available: (1) Analytical and spectral
characterization datalH, 13C, and ESMS), (2) crystallographic
information file (CIF), (3) structural X-ray data for compou8t
in CIF format, (4) Cartesian coordinates for optimized geometries
1H,20 = 2.3, Hy). 4.66 (M. 2H, e, 4.55 (t, THA) = 2.2, o), of 9a and 9b. This material is available free of charge via the

4.22-4.16 (M, 3H, H + Heg), 4.02 (M, TH, Hy), 3.89 (s, 5H, Internet at http://pubs.acs.org.
Hcp), 3.66 (dd, 1H2J = 7.8, Hyg), 3.56 (d, 1H,3) = 8.1, Hy), OMO070239P



