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Abstract: The chemical oxidation of rhodium(l) complexes [Rh(L)(COD)][BF:], where L is a ferrocenyl
phosphine/N-heterocyclic carbene ligand, with 2 equivalents of a triarylaminium salt [N(4-BrCsH.)s][BF4]
in acetonitrile gave planar chiral, air-stable [Rh(L)(MeCN)s][BFs]. complexes where the ferrocene
(CsH4CH2ImR or CsH4CH2BIMCH2Mes) ring has been C-H activated at the 2 position in good to excellent
yields. An important reactivity difference between our complexes and the ubiquitous [Cp*Rh(MeCN)3] Xz
complex has been observed in the Grignard-type arylation of 4-nitrobenzaldehyde.
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The rhodium-catalyzed functionalization of C(sp?)-H bonds has become intensely studied as an atom-
economical reaction that allows to access elaborate compounds.2® In this context, [Cp*RhCl,], and
[Cp*Rh(MeCN)s] X2 have been privileged catalysts for this reaction and to our knowledge, there is only one
example reporting catalytic C-H activation with a non-half-sandwich complex.!* As three coordination sites
are required for the reaction to proceed, it is very difficult to design new ligands that allow improving ac-
tivities and selectivities, and developing asymmetric versions.'>% In this context, new rhodium(IIl) com-
plexes bearing planar chiral ferrocenyl N-heterocyclic carbene (NHC)/phosphine ligands were obtained by
oxidation of the corresponding rhodium(l) complexes, followed by activation of a ferrocene C-H bond. In
this work, an optimized synthesis of the original complex?: 22 (Scheme 1) is described, and various imidaz-
olylidene substituents are introduced on the NHC moiety in order to study the stereoelectronic effects on
the catalytic activity in the Grignard-type arylation of 4-nitrobenzaldehyde. The synthesis of rhodium(l11)
complex 3a was previously carried out starting either from rhodium(1) complex 1a, bearing a COD ligand,*
or from the corresponding dicarbonyl rhodium(l) complex.?? Both methods have their disadvantages: the
reaction was easily performed using the mild oxidant AgBF4 from the dicarbonyl complex, but the latter is
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moderately bench-stable and has to be prepared from 1a; on the other hand, a stronger and moderately stable
oxidant, thianthrenium tetrafluoroborate [Th][BF4], was necessary to drive the reaction to completion with

complex 1a, which bears the more strongly coordinated COD ligand (Scheme 1).
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Scheme 1. Previous synthesis of rhodium(111) complex 3a.

We therefore focused our efforts on finding new efficient yet stable oxidants to optimize the synthesis
of 3a directly from 1a and opted for the triarylaminium salt [N(4-BrCsHa)s][BF4] 2 (Scheme 2).2 The latter
is a weaker oxidant compared to [Th][BF4] (E°12 = 0.67 V and 0.86 V vs. [FcH/FcH*] in MeCN, respec-
tively), but more stable and therefore easier to handle and store. The reaction of complex 1a with 1.9 equiv-
alents of 2 went smoothly at 50°C, the driving force being the precipitation of N(4-BrCsH.)s in acetonitrile.
Complex 3a was easily retrieved in quantitative yield (Scheme 2). With the aim of studying the influence
of the stereoelectronic properties on the catalytic activity, we applied the new synthetic conditions to other
rhodium(1) complexes.?* 2 Thus 1b was chosen for its bulky mesityl substituent on the imidazol-2-ylidene
(Im) moiety, whereas 1c possesses a more flexible CH,-mesityl substitutent on the nitrogen atom but a
bulkier and slightly less donating benzimidazol-2-ylidene (BIm) unit. The expected rhodium(l11) complexes

3b and 3c were obtained as deep red, air-stable solids in 79% and 63% yield, respectively (Scheme 2).

All rhodium(111) complexes were characterized by multinuclear NMR and HR-MS (see S.1.). The NMR
data unambiguously shows the C-H activation of the ferrocene C-H bond: only seven proton resonances for
the ferrocenyl unit are present in the *H NMR spectra, as well as three resonances for quaternary carbons in
the ferrocene region of the *C NMR spectra. A characteristic signal was observed for the carbenic carbon

as a doublet of doublets at 147.6 ppm for 3b, and at 161.4 ppm (app. doublet of doublets) for 3c. These
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values are in the range of those expected for similar rhodium(l11) complexes (e.g. complex 3a).?% %27 Fij-
nally, the 3!P analysis shows a doublet at 41.2 ppm for 3b and 40.9 ppm for 3c, typical of a phosphorus

linked to a rhodium(l11) center.
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Scheme 2. Optimized synthesis of rhodium(l11) complexes 3a-c and derivatization of 3a-b.

Since complexes 3b and 3c could not be crystallized, they were reacted with 1.5 equivalents of 2,2’-
bipyridine (bipy) in CH:ClI; to yield orange-red solids (Scheme 2), the H and **C NMR spectra of which
were too complex for a structural analysis. The 3P NMR spectrum of 4b in acetone-ds displays only two
doublets at 32.2 ppm (Jrp=120.5 Hz) and 29.9 ppm (Jrre=124.5 Hz) in a 1:1 ratio, similar to what was
observed with 4a.?! This may indicate the formation of the expected compounds, with the bipy and one
chloride occupying the three acetonitrile positions, as a mixture of diastereomers (4b+4b’). The 3P NMR
spectrum of 3c + bipy shows a more complex behavior: three doublets, of varying intensity according to the
reaction batch, are observed in the same region on the 3'P NMR spectrum, at 36.3 ppm (Jrnp=119.6 Hz),

35.8 ppm (Jrnp=129.7 Hz) and 32.8 ppm (Jrre=123.6 Hz). Several species were probably present.
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Scheme 3. Derivatization of complex 3c and ORTEP view of compound 5¢. Ellipsoids are shown at the
30% probability level. All hydrogens are omitted for clarity.

Selected bonds (A) and angles (°) : Rh(1)-P(1) = 2.3711(3), Rh(1)-C(1) = 1.9912(12), Rh(1)-C(11) =
2.0330(12), Rh(1)-N(3) = 2.0808(10), Rh(1)-N(4) = 2.1291(10), Rh(1)-F(1) = 2.3500(7), B(1)-F(1) =
1.4512(17); P(1)-Rh(1)-C(1) = 90.06(3), P(1)-Rh(1)-C(11) = 85.92(3), C(1)-Rh(1)-C(11) = 91.62(5), P(1)-
Rh(1)-N(3) = 174.70(3), C(1)-Rh(1)-N(3) = 84.73(4), C(11)-Rh(1)-N(3) = 93.26(4), P(1)-Rh(1)-N(4) =
102.67(3), C(1)-Rh(1)-N(4) = 88.90(4), C(11)-Rh(1)-N(4) = 171.40(4), N(3)-Rh(1)-N(4) = 78.23(4), P(1)-
Rh(1)-F(1) = 98.50(2), C(1)-Rh(1)-F(1) = 165.42(4), C(11)-Rh(1)-F(1) = 100.71(4), N(3)-Rh(1)-F(1) =

86.80(3), N(4)-Rnh(1)-F(1) = 77.75(3).

Pleasingly, careful layering of methyl tert-butyl ether (MTBE) on a solution of 3c in acetone-ds gave
deep red X-ray quality crystals of 5¢ (Scheme 3). The crystal structure confirmed the presence of a ¢ bond
between the NHC-functionalized Cp ring and the rhodium center. As in the case of [Rh(L)CI(bipy)][BF4]
4a, one bipy occupies two of the three MeCN coordination positions in 5¢c. However, instead of a chloride
abstracted from the solvent as in the case of 4a, the last position in 5¢ was surprisingly occupied by a «*:F-

coordinated BF ligand. Crystal structures containing Rh-FBF; bonds are quite unusual and only five other



examples with rhodium(I11) have been reported so far by Milstein 23! and Breit.*> The BF4 anion is coor-
dinated trans to the Rh-C bond at ferrocene, with a Rh(1)-F(1) distance of 2.3500(7) A, which is in the range
of previously reported Rh-F bond distances. This structure confirms the presence of the Rh-C bond at fer-
rocene with a fac arrangement of the tridentate ligand. The bipy ligand is situated trans to the NHC and
phosphine ligands. All other distances are within the expected range for this type of complex, and most are
similar to those observed for 4a, with the noticeable exception of Rh(1)-P(1) distance, which is longer in
5c¢: this may account for the high strain exerted on the ligand to keep the tridentate coordination: the latter
adopts a severely distorted geometry to accommodate the octahedral coordination of rhodium. Indeed, the
metal coordination forces the phosphorus atom to deviate significantly from the plane of the Cp ring to
which it is attached by 0.350(1) A, and tilts the two ferrocene cyclopentadienyl units to a dihedral angle of
10.01(5)°. In the same way as for 4a, both planar chirality at ferrocene and central chirality at the metal are
now present, hence the potential production of up to three diastereocisomers (given the imposed fac stereo-
chemistry of the tridentate ligand). However, in the present case a different diastereoisomer crystallized (the
bipy ligand was situated trans to the phosphine and to the Rh-C bond at ferrocene in the case of 4a). For the
latter, DFT calculations carried out on the three possible isomers had shown that the calculated electronic
energies of two isomers were relatively close (AG of 3.7 kcal.mol ), whereas the third one — with the bipy
ligand trans to the NHC ligand and the Rh-C bond at ferrocene, not observed experimentally — had a much
higher energy minimum (8.4 kcal.mol relative to the most stable isomer), which was explained by severe

steric constraints.?! The same limitations seem to apply here.

Complexes 3a-c were then evaluated as catalysts in the Grignard-type arylation of 4-nitrobenzaldehyde with
2-phenylpyridine. (table 1).* Indeed, Rh""' complexes bearing three coordination sites available for C(sp?)-
H functionalization catalysis are very often restrained to Cp-based architectures,”® and our system seemed
interesting in that regard. The reaction worked well with anhydrous THF but an optimum was found with
1.5 equivalents of H,O relative to 2-phenylpyridine (51% conversion, entry 3). Average conversions were
obtained after 24 h and increasing the reaction time did not allow to improve significantly the conversion
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(58% after 48 h, entry 4). Unfortunately, complexes 3b and 3c gave none of the expected product and only
starting materials were detected (entries 7 and 8). In order to check whether the steric limitations could be
responsible for this lack of reactivity, a bulkier substrate — 1-(2-methylphenyl)-isoquinoline — was used

instead of 2-phenylpyridine (entry 9). Again, no trace of the expected product was observed.

Table 1. Grignard-type arylation of 4-nitrobenzaldehyde

A o | A
| N o N

= 5 mol% [Rh] OH

+ H _—
THF, 65°C
o (Y
NO,
6 7 8

Entry [Rh] H.0 (equiv. vs. 6)  Conversion (%) °

1 3a - 43
2 3a 1 50
3 3a 15 51
4°¢ 3a 1.5 58
5 3a 3 36
6 3a 10 33
7 3b 15 n.r.
8 3c 1.5 n.r.
94 3a 15 n.r.
10 la 15 n.r.
11 1b 15 n.r.
12 1c 15 n.r.

@ Conditions: 2-phenylpyridine (1.0 equiv.), 4-nitrobenzaldehyde (2.0 equiv.), [Rh] (5 mol%), H20 (x equiv.), THF (0.5 mL, 0.4M),
65°C, 24h. ® Calculated by integration of characteristic *H NMR signals of 6 and 8. ¢ Reaction time 48h. ¢ 1-(2-methylphenyl)-

isoquinoline used instead of 2-phenylpyridine.



In recent years, it has been shown that M-NHC bonds, although very strong, could cleave under chosen
catalytic conditions and lead to active metallic species without NHC stabilizing ligand.3* Whereas the cleav-
age of the Rh-NHC bond in 3a-c seems unlikely, due to the tridentate nature of the ligand that stabilizes the
structure, Rh' precursors 1a-c may behave differently. However, the latter proved completely inactive for
this reaction under identical conditions: after 24h at 65°C, no trace of the expected product was observed
and only starting materials were observed by *H NMR (table 1, entries 10-12). *'P NMR analysis of the
crude mixture confirmed the integrity of the structure in 1a, as the typical doublet at ca. 20 ppm was ob-
served. Only traces of unidentified by-products were characterized by singlets at ca. 23 ppm and 39 ppm,
and can explain the slightly brown aspect of the catalyst after reaction. This confirms the very high stability
of rhodium(l) complexes 1a-c under several reaction conditions, % and the efficiency of the redox strategy
described earlier to promote COD departure in the presence of MeCN. As in rhodium(lI1) complexes 3a-c,
the bidentate nature of the ligand, bearing strongly coordinating phosphine and NHC ligands, does not seem

to favor the cleavage of the Rh-NHC bond.

Unfortunately, complexes 3a-c also proved inactive as catalysts for the synthesis of 3,4-dihydroisoquin-
olones, whatever the conditions used.'* *33¢ These results are rather surprising since our rhodium(I11) com-
plexes easily lose an acetonitrile ligand and either react with dichloromethane to coordinate a chloride (3a)%
or a BF4 anion (3c). It seems that the tridentate (NHC,P,C) ligands may be too sterically crowded and may

prevent the approach of bulkier substrates, contrary to the ubiquitous [Cp*Rh(MeCN)3]** complex.*

In conclusion, the synthesis of several planar chiral rhodium(lll) complexes has been carried out by
oxidation of rhodium(l) complexes containing an electroactive ferrocenyl unit. Optimized conditions have
been developed with the use of a relatively mild, stable oxidant. Although the least sterically crowded com-
plex allows the functionalization of 2-phenylpyridine with 4-nitrobenzaldehyde, no reaction occurred with
complexes bearing bulkier ligands, pointing to an important reactivity difference between our complexes
and the ubiquitous [Cp*RhCl;]. and [Cp*Rh(MeCN);] X, complexes. Mechanistic studies are in progress to

better understand the reasons of this low reactivity in C-H functionalization reactions.
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General Considerations p. 1
1- Synthetic procedures for all new compounds p.2
2- Cyclic voltammograms of complexes 1b and 1c p. 4

3- NMR spectra of complexes 3a-c and of the products obtained from the reactions of 3b p. 5
and 3c with bipy

4- X-Ray structural analyses: Mercury representations of complexes 4a and 5¢ p. 10
X-ray data collection and structure determination of complex 5c.

GENERAL CONSIDERATIONS

All manipulations were performed under an inert atmosphere of dry argon by using vacuum line and Schlenk
tube techniques. Solvents for syntheses were dried and degassed by standard methods before use. Commercial
chemicals were from Acros, Aldrich, Alfa Aesar, or Fluka and used as received. The rhodium(I) complexes 1a-c
were prepared according to previously reported procedures. -2

1D- and 2D-NMR spectra were recorded on Bruker Avancelll 400 and Avance NEO 600 spectrometers. Chemi-
cals shifts (8) for all nuclei are given in ppm. For 'H and *C, the residual peak of deuterated solvents was used as
reference. External reference for *'P is 85% H3;POs. Peaks are labeled as singlet (s), doublet (d), triplet (t), multi-
plet (m) and broad (br). The proton and carbon assignments were performed by COSY, HSQC, 'H-'*C HMBC
experiments.

Electrospray (ES) mass spectra were recorded at the Université Paul Sabatier by the Service Commun de Spec-
trométrie de Masse on a MS/MS API-365 (Perkin Elmer Sciex).

Cyclic voltammetry (CV) experiments were carried out with an Autolab PGSTAT100 potentiostat (Metrohm).
Experiments were performed at room temperature in a homemade airtight three—electrode cell connected to a
vacuum/argon line. The reference electrode consisted of a saturated calomel electrode (SCE) separated from the
solution by a bridge compartment. The counter electrode was a platinum wire of ca 1cm? apparent surface. The
working electrode was a Pt microdisk (0.5 mm diameter). The supporting electrolyte [NBus][BF4] (Fluka, 99%
electrochemical grade) was dried and degassed under argon. CH,Cl, was freshly distilled over CaH, prior to use.
The solutions used during the electrochemical studies were typically 10 M in rthodium compound and 0,1 M in
supporting electrolyte. Before each measurement, the solutions were degassed by bubbling Ar and the working
electrode was polished with a polishing machine (Presi P230). All electrochemical data are referenced versus
ferrocene (in our hands, E°[FcH/FcH'] = 0.54 V/SCE in CH,Cly/n-BusBFg, 0.1 V.s™!, 25°C).



X-ray structural analyses.

A single crystal suitable for X-ray diffraction was coated with paratone oil and mounted onto the goniometer. The
X-ray crystallographic data were obtained at low temperature from a Bruker Apex2 diffractometer (MoKa radia-
tion source) equipped with an Oxford Cryosystem. The structure has been solved with SUPERFLIP * and refined
by means of least-square procedures on F using the PC version of the program CRYSTALS.* The scattering fac-
tors for all the atoms were used as listed in the International Tables for X-ray Crystallography. Absorption correc-
tion was performed using a multi-scan procedure. All non-hydrogen atoms were refined anisotropically. The H
atoms were located in a difference map, but those attached to carbon atoms were repositioned geometrically. The
H atoms were initially refined with soft restraints on the bond lengths and angles to regularize their geometry and
Uliso](H) (in the range 1.2-1.5 times U[eq] of the parent atom), after which the positions were refined with riding
constraints. The drawing of the molecules was realized with the help of Mercury. Crystal data and refinement
parameters are shown pages 10-24.

1- SYNTHETIC PROCEDURES

[Rh(Fe(CsH4PPh,)(CsHsCH,ImM))(CH3CN);]**.2BF4 (32).” A solution of [N(4-BrCsH4);][BF4] 2 (142 mg,
249 10* moles) in MeCN (8 mL + 3x4 mL for rinsing) was slowly added to a solution of
[Rh(ImMe)(COD)]".BFs 1a (100 mg, 1.31 10 moles) in MeCN (20 mL) at room temperature. The reaction mix-
ture was heated at 50°C for 20h, during which the color changed from dark brown-green to bright orange and a
white precipitate appeared. After cooling to room temperature, the mixture was concentrated to ca. 5 mL and an
excess of MTBE was added. The orange-red precipitate was filtered on Celite®, washed with MTBE and recov-
ered by addition of MeCN. The MeCN solution was concentrated and the orange-red solid was dried in vacuo
(113 mg, quantitative yield). "H NMR (400 MHz, CD;CN, 298 K) J 7.66-7.60 (3H, m, PPh,); 7.56-7.49 (3H, m,
PPhy); 7.46-7.41 (2H, m, PPhy); 7.44 (1H, d, J=2.1Hz, CH=C Im) ; 7.24 (1H, d, Jun=2.0Hz, CH=C Im), 7.18-7.12
(2H, m, PPhy) ; 5.49 (1H, m, Cp) ; 4.91, 4.80 (2*1H, d, Jan=16.3Hz, CH>Im) ; 4.77 (1H, m, Cp) ; 4.70 (2H, dd,
Junr=2.4Hz, Jun=1.2Hz, Cp); 4.59 (1H, dd, Jun=2.5Hz, Jun=1.2Hz, Cp); 4.37 (1H, m, Cp); 4.23 (1H, t,
Jun=2.4Hz, Cp) ; 3.87 (3H, s, CH3Im). *'P NMR (161.99 MHz, CDsCN, 298 K) J 41.6 (d, Jrap=139.4 Hz).

[Rh(Fe(CsH4PPh2)(CsHsCH.Im™*))(CH3;CN);3]**.2BFs (3b). [N(4-BrCeHs);][BF4] 2 (61.5 mg, 1.09 10*
moles), MeCN (4 mL + 3x2 mL for rinsing), [Rh(ImMes)(COD)]".BF,s 1b (50 mg, 5.77 10”° moles), MeCN (10
mL). Orange-red solid (44 mg, 79% yield). '"H NMR (400 MHz, CDsCN, 298 K) 6 7.68-7.64 (1H, m, PPh,); 7.59
(1H, d, Jun=2.0Hz, CH=C Im); 7.55-7.49 (6H, m, CH=C Im + PPhy); 7.47-7.43 (2H, m, PPhy), 7.15+7.12 (2H, s,
CH Mes); 7.0-6.94 (2H, m, PPhy); 5.74 (1H, dt, Jun=2.5Hz, Jun=1.2Hz, Cp"); 5.16 (1H, d, Juu=16.7Hz, CH:Im);
5.06 (1H, d, Jun=16.6Hz, CH;Im); 4.80 (I1H, dt, Jus=2.6Hz, Jux=12Hz, Cp"); 4.72 (1H, dd, Jun=2.3Hz,
Jun=1.2Hz, Cp©); 4.69 (1H, dd, Jun=2.4Hz, Jun=1.2Hz, Cp®); 4.65-4.62 (1H, m, Cp®); 4.20 (1H, t, Jun=2.4 Hz,
Cp©); 4.09 (1H, dt, Jun=2.6Hz, Juu=1.3Hz, Cp®); 2.50 (3H, s, 0-CH;Mes) ; 2.38 (3H, s, p-CHsMes) ; 1.77 (3H, s,
o- CHsMes). '*C NMR (100.63 MHz, CDsCN, 298 K) § 147.6 (dd, Jrnc=49.0Hz, Jpc=12.4Hz, quat Cnuc); 140.7
(quat p-Cwmes), 137.1 (quat 0-Cwmes), 136.5 (quat 0-Cwmes), 134.9 (quat Cwmes), 134.0 (Jpc=48.6Hz, quat Cppn2), 133.2
(d, Jpc=2.8HZ, Cprhz), 132.9 (d, Jpc=10.7HZ, Z*Cprhz), 131.6 (d, Jpc=9.9HZ, Q*Cprhz), 131.3 (d, Jpc:3.1HZ,
CHprnz), 129.4 (d, Jpc=10.8Hz, 2*CHpprz), 129.0+128.7 (2*CHwmes), 128.5 (d, Jpc=10.9Hz, 2* CHppn2), 128.3 (quat
Crpho, seen with 3P decoupling), 127.4+125.8 (2*CHim), 84.9 (d, Joc=4.3Hz, quat C Cp©im), 84.1 (d, Jec=10.3Hz,
CH Cp®), 75.8 (d, Jpc=12.1Hz, CH Cp®), 75.1 (CH Cp®), 74.1 (d, Jpc=8.1Hz, CH Cp®), 73.2 (d, Jpc=8.4Hz, CH
Cp®), 72.3 (CH Cp©), 71.7 (d, Jpc=68.1Hz, quat C Cp®), 70.4 (CH Cp®), 66.6 (dd, Jrnc=29.6Hz, Jpc=5.6Hz, quat C
Cp©rn), 51.8 (CHzIm), 20.0 (p-CH; Mes), 19.6+17.5 (2*0-CHs Mes). *'P NMR (161.99 MHz, CD;CN, 298 K) &
41.2 (d, Jrep=137.7 Hz). MS, ESI m/z 335 ([M-3xMeCN]*, 100%). HRMS, ESI : calcd for CssH3FeN,PRh
335.0354; found 335.0354.

[Rh(Fe(CsH4PPh2)(CsHsCH,BIm“"*M))(CH3CN);]**.2BFs (3¢). [N(4-BrCsH4)s][BF4] 2 (72.7 mg, 1.28 10
moles), MeCN (4 mL + 3x2 mL for rinsing), [Rh(BImCH;Mes)(COD)]".BFs 1¢ (51.9 mg, 6.81 10 moles),

2



MeCN (10 mL). Orange-red solid (36 mg, 63% yield). "H NMR (400 MHz, CDsCN, 298 K) J 7.77-7.71 (2H, m,
PPhy); 7.61-7.55 (3H, m, PPhy); 7.53 (1H, m, CH BlIm); 7.46-7.41 (2H, m, PPh, + CH BIm), 7.20 (1H, ddd,
Jun=8.4Hz, Jyun=7.3Hz, Jun=1.1Hz, CH BIm); 7.13-7.09 (5H, m, PPh, + CH BIm); 6.80 (1H, br s, CH Mes); 6.66
(1H, d, Jun=8.5Hz, CH BIm); 5.85 (1H, d, Jun=15.7Hz, CH-Mes) ; 5.45 (1H, m, Cp"); 5.45 (1H, d, Jun=15.7Hz,
CH>Mes); 5.38 (1H, d, Juy=16.5Hz, CH-Fc); 5.15 (1H, d, Juu=16.5Hz, CH,Fc); 4.92-4.91 (1H, m, Cp*); 4.77-
4.71 (3*1H, m, 2*Cp"+ Cp©); 4.40-4.39 (1H, m, Cp®); 4.35 (1H, t, Juy=2.4 Hz, Cp®); 2.51 (3H, s, 0-CH;Mes);
2.30 (3H, s, p-CHsMes); 1.61 (3H, s, 0o-CH3Mes). *C NMR (100.63 MHz, CDsCN, 298 K) 6 161.4 (app. dd,
Jrnc=48.7Hz, quat Cnuc); 138.6 (quat p-Cues), 137.5+137.2 (2*quat 0-Cwmes), 134.8+134.5 (2*quat Cgim), 132.7-
132.4 (CHppr2), 131.9 (d, Jpc=48.3Hz, quat Cppr2), 131.7 (d, Jpc=6.8Hz, CHppn2), 130.2+129.7 (2*CHwmes), 129.2
(d, Jpc:50.7HZ, quat Cpphz), 129.2 (d, Jpc:10.9HZ, Cprhz), 128.7 (d, Jpc=10.9HZ, CHPth), 127.8 (quat CMes),
124.6 (2*CHgim), 112.5+111.2 (2*CHpim), 83.7 (d, Jpc=3.0Hz, quat C CpSsim), 81.7 (d, Jpc=10.2Hz, CH Cp®),
76.9 (d, Joc=12.3Hz, CH Cp®), 75.1 (CH Cp®), 74.1 (d, Jpc=8.0Hz, CH Cp®), 73.5 (d, Jpc=8.4Hz, CH CpP),
71.8+71.7 (2*CH Cp©), 71.5 (d, Jpc=69.3Hz, quat C Cp®), 65.8 (dd, Jrnc=30.4Hz, Jpc=4.8Hz, quat C Cp rn), 49.9
(CH:Mes), 47.6 (CHyFc), 20.8 (o-CH; Mes), 19.9 (p-CH; Mes), 18.6 (0-CH; Mes). *'P NMR (161.99 MHz,
CDsCN, 298 K) 6 40.9 (d, Jrnp=138.2 Hz). MS, ESI m/z 367 ([M-3xMeCNJ*, 100%), 735 ([M+H-3xMeCN]",
27%). HRMS, ESI : calcd for C40H3sFeN,PRh 367.0511; found 367.0519.

Reaction of 3b and 3¢ with 2,2°-bipyridine. Complex 3b (23.5 mg, 2.07 10° mole) or 3¢ (45.5 mg, 4.41 107
mole) was dissolved in CH,Cl (10 mL) and 2,2’-bipyridine (5.7 mg, 3.7 10° mole, with 3b; 10.3 mg, 6.62 10
mole, with 3¢) was added. The mixture was stirred at room temperature for 3 hours and the solvent was concen-
trated in vacuo to ca. 1 mL. A red solid was obtained by precipitation and washing with an excess of MTBE. X-
Ray quality crystals of S¢ were obtained by slow diffusion of an MTBE layer on a solution of the red solid in
acetone-ds.

Arylation of 4-nitrobenzaldehyde (8) with 2-phenylpyridine (7). Typical procedure: 4-nitrobenzaldehyde
(56.0 mg, 3.7 10* mole) (8) and complex 3a (8.0 mg, 9.3 10 mole) were placed in a dry Schlenk tube and THF
(0.5 mL) was added. 2-Phenylpyridine (26.5 pL, 1.9 10 mole) (7) was added and the Schlenk tube was sealed
and placed in a preheated bath. The mixture was stirred at 65°C for 24h, and the solvent was removed in vacuo.
The residue was analyzed by 'H NMR and the conversion into the desired alcohol (9) was determined by integra-
tion of characteristic signals: 2-phenylpyridine: ¢ 8.68 ppm, 1H, C(6)H; alcohol: 8.55 ppm, 1H, C(6)H or 5.58
ppm, 1H, CH(OH).
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2- CYCLIC VOLTAMMOGRAMS OF COMPLEXES 1B AND 1C

2.1. Cyclic voltammograms of complexes 1b and 1c¢ on a Pt microelectrode, 1 mM in CH2Cl2 with
[NBu4][BF4] (0.1M) at a scan rate of 0.1 V s™\. Two potential limits were chosen (0.5 and 1.2 V vs
[Fc/Fc™]). Peak I was attributed to the oxidation of the Fc moiety, Peak II can be ascribed to the oxida-
tion of Rh.
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REACTIONS OF 3B AND 3C WITH BIPY

3- NMR SPECTRA OF COMPLEXES 3B AND 3C AND OF THE PRODUCTS OBTAINED FROM THE

3.1. 'H spectrum of complex 3b (400.16 MHz, CD3CN, 298 K)
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3.2. BC{'H} spectrum of complex 3b (100.63 MHz, CD3CN, 298 K)
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3.3.3P{'H} spectrum of complex 3b (161.99 MHz, CD3CN, 298 K)
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3.4. 'H spectrum of complex 3¢ (400.16 MHz, CD3CN, 298 K)
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3.5. 3C{'H} NMR spectrum of 3¢ (100.63 MHz, CDsCN, 298 K)
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3.6.*'P{'H} NMR spectrum of 3¢ (161.99 MHz, CD3CN, 298 K)
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3.7.3'P{'H} NMR spectrum of the product obtained from 3b (161.99 MHz, acetone-ds, 298 K).
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3.8.3'P{'H} NMR spectrum of the product obtained from 3¢ (243.07 MHz, acetone-ds, 298 K).
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4- X-RAY STRUCTURAL ANALYSES

4.1. Mercury representations of complexes 4a > (left) and Sc (right). Ellipsoids are shown at the 50%
(4a) or 30% (5¢) probability level. All hydrogens are omitted for clarity.

4.2. Data collection and structure determination of complex 5S¢

Crystal Data Sc

a=11.44498) A |0 =97.060(2)° |

b=11.87148) A B=94.539(2)° |

c=119.9736(15) A ly = |116.821(2)°

‘Volume ‘2375.54(18) A | ‘Crystal Class ‘triclinic
‘Space group ‘P -1 |_‘Z = ‘2
Formula Cs3 Hso B2 Fs Fer N4 O1 Py Rhi | | My 1122.34
‘Cell determined from ‘9397 reflections Ii.‘Cell 0 range = ‘2 -25°
‘Temperature ‘IOOK r‘ ‘

‘Shape ‘block |_‘ ‘

Colour dark red | [Size 0.12 x 0.15 x 0.20 mm
Dx 1.57 " [F000 1144.000
n 0.763 mm’ | |
/Absorption correction  multi-scan |_‘ |

Tanin 0.85 | Tonax 0.91
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Data Collection

Diffractometer multi-scan
Scan type ¢ and ® scans
Reflections measured 93547

Independent reflections 8402

Rint 0.0322

Omax 25.0505

h= -13 - 13

k= -14 —> 14

1= -23 — 23
Refinement

Apmin = -0.39¢ A3

Apmax = 0.49 ¢ A3

Reflections used 8141

Cutoft: 1> 3.000(1)

Parameters refined 640

S= 1.01

R-factor 0.021

weighted R-factor 0.026

A/Gmax 0.0028

Refinement on F

w = W' X [1 - (AFobs / 6 X AFest)*]?
W = [PoTo'(x) + PiTi'(x) + P To'(X)]

where P; are the coefficients of a Chebychev series in ti(x), and x = Feale/Fcalemax.

Po - Pn1 = 0.688 0.441 0.449
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Parameters

Label
Rhl
Fel
P1
Cl
C2
C3
C4
(O8]
Co6
C7
C8
C9
C10
Cll1
C12
C13
Cl4
C15
Clé6
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28

X y z
172117(8) 216782(8) .263894(4)
.082577(16) .035649(16) |.365663(8)

Uiso/equiv|(Occupancy

0.0100
0.0130

0.11121(3) 0.06688(3) .208816(15) 0.0113

0.14213(12) |0.16852(11) 0.35327(6)
0.02092(13)0.22611(12)|0.39924(6)
0.03945(13) 0.15960(12) 0.45585(6)
0.17342(13) [0.06249(13) |0.44589(6)
0.23745(13) 0.06757(12) 0.38304(6)
0.07175(12) [0.01907(11) |0.26876(6)
0.05212(13) 0.01757(12) 0.31115(7)
0.02699(14) [0.06306(13)0.36101(7)
0.11030(14) 0.14967(12) 0.35066(7)
0.17197(13)0.12374(12) |0.29403(6)
0.02224(12) 0.34673(11) 0.27272(6)
0.21957(12) [0.49297(11) |0.25039(6)
0.32538(13) 0.57267(12) 0.22001(7)
0.44931(13)0.63095(13)[0.25972(8)
0.46786(13) 0.61242(13) 0.32686(8)
0.36363(13)0.53130(12) |0.35642(7)
0.23905(12) 0.47087(11) 0.31576(7)
0.10101(13)0.34579(12) |0.39615(6)
0.02820(12) 0.40718(11) 0.15450(6)
0.06911(12)0.53550(11)|0.13110(6)
0.03749(12) 0.62706(12) 0.16426(6)
0.07905(13) |0.74440(12) |0.14202(7)
0.15174(13) 0.77347(12) 0.08833(7)
0.17733(13) [0.67979(13) |0.05449(7)
0.13641(12) 0.56069(12) 0.07426(6)
0.03845(14) [0.60392(13) |0.22364(7)
0.20243(17) 0.90378(14) 0.06318(9)
0.16803(14) 0.46493(13) 0.03369(7)

0.0138
0.0153
0.0187
0.0189
0.0171
0.0140
0.0178
0.0215
0.0212
0.0181
0.0125
0.0152
0.0199
0.0264
0.0264
0.0204
0.0159
0.0175
0.0153
0.0148
0.0170
0.0204
0.0218
0.0203
0.0170
0.0226
0.0336
0.0227

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
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C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
C46
C47
C48
C49
C50
C51
C52
C53
NI
N2
N3
N4
Ol
B1
B2
F1
F2

0.23737(12) 0.06104(12) 0.14338(6)
0.24853(14) [0.18430(13) |0.13338(7)
0.34908(16) 0.28142(14) 0.08522(7)
0.43692(14) [0.25544(15) |0.04626(7)
0.42344(14) 0.13283(16) 0.05406(7)
0.32430(13) 0.03532(14) 0.10266(7)
0.03296(12) 0.13003(11) 0.16386(6)
0.01585(14) [0.10866(12) [0.09257(7)
0.12538(15)0.15766(13)0.05868(7)
0.25200(15) 0.22592(13) 0.09524(8)
0.27030(14) 0.24882(13) 0.16591(8)
0.16105(13) 0.20224(12) 0.19999(7)
0.13069(13) [0.46150(12) |0.35567(6)
0.16788(13) 0.54113(12) |0.39438(6)
0.30106(14) 0.50087(13) 0.39675(7)
0.39261(13) 0.38122(13) 0.36078(7)
0.34914(12) 0.30414(12) 0.32417(6)
0.43873(12) 0.17088(12) 0.28988(6)
0.57449(13) 0.11490(13) |0.28890(7)
0.65246(13) 0.01157(14) 0.25822(7)
0.59244(13)0.08061(13)|0.23042(7)
0.45656(12) 0.01985(12) 0.23362(6)

0.0166
0.0212
0.0298
0.0312
0.0290
0.0224
0.0154
0.0192
0.0248
0.0269
0.0237
0.0181
0.0165
0.0193
0.0212
0.0193
0.0144
0.0149
0.0214
0.0245
0.0202
0.0157

-0.3776(2) |0.14688(18)/0.58620(11)|0.0483

0.25619(14) 0.25446(13) 0.57050(7)
-0.2677(2) 0.2905(2) |0.50271(9)
0.11623(10) 0.38046(10) 0.32794(5)
0.08508(10) (0.41783(9) |0.22561(5)
0.21922(10) |0.34549(10) 0.32074(5)
0.37971(10)|0.10423(10) [0.26142(5)
0.15681(14) |0.31090(15) 0.61104(8)
0.36868(15) 0.28078(16) [0.13691(8)
0.64151(15) 0.24566(15) 0.46858(8)
0.26046(7) [0.26158(7) |0.16644(4)
0.39910(10) |0.34916(10) 0.18653(5)

0.0241
0.0446
0.0138
0.0129
0.0134
0.0132
0.0588
0.0227
0.0220
0.0215
0.0379

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
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F3
F4
F5
F6
F7
F8
H31
H41
H51
H71
H81
H91
H101
HI131
H141
HI151
Hl161
HI181
H182
HI192
HI191
H221
H241
H261
H262
H263
H271
H272
H273
H281
H282
H283
H301
H311

0.32618(10) |0.34654(11) 0.08467(5)
0.47370(9) |0.16116(10)|0.11368(6)
0.62244(12) 0.13893(11) 0.46541(7)
0.52625(9) |0.35636(10)|0.49371(5)
0.68486(8) 0.25219(9) 0.40197(4)
0.73736(9) 0.23727(8) 0.50973(4)
0.03001(13) 0.17783(12) 0.49396(6)
0.21276(13)|0.00151(13) [0.47659(6)
0.32976(13)|0.00988(12) [0.36251(6)
0.14021(13) |0.08788(12) 0.30797(7)
0.09419(14) |0.05811(13) 0.39631(7)
0.15734(14) |0.21441(12) 0.37861(7)
0.26580(13) [0.16845(12) [0.27543(6)
0.31324(13)0.58703(12) |0.17440(7)
0.52235(13) 0.68507(13) |0.24087(8)
0.55234(13) 0.65564(13) 0.35280(8)
0.37611(13)0.51683(12) |0.40095(7)
0.09922(13) 0.41847(12) 0.42600(6)
0.17917(13) 0.33864(12) |0.41224(6)
0.06789(12) 0.36177(11) 0.15111(6)
0.05604(12) [0.35479(11)|0.12431(6)
0.05694(13) 0.80725(12) 0.16392(7)
0.22392(13)0.69782(13)0.01725(7)
0.07548(14) 0.66343(13) 10.22924(7)
0.01946(14) [0.61638(13)0.26459(7)
0.11089(14) 0.51655(13) 0.21544(7)
0.21758(17) [0.89694(14) [0.02149(9)
0.28536(17) 0.96109(14) 0.09477(9)
0.13933(17) [0.93406(14) |0.07332(9)
0.20937(14) 0.49945(13) 0.00432(7)
0.22903(14) [0.44676(13)0.06154(7)
0.08953(14) 0.38607(13) 0.01607(7)
0.18608(14) [0.20247(13) |0.15974(7)
0.35637(16) 0.36642(14) 0.07898(7)

0.0420
0.0450
0.0535
0.0417
0.0319
0.0300
0.0229
0.0236
0.0211
0.0207
0.0265
0.0253
0.0216
0.0244
0.0323
0.0311
0.0247
0.0210
0.0212
0.0203
0.0202
0.0246
0.0250
0.0362
0.0359
0.0357
0.0534
0.0533
0.0540
0.0347
0.0349
0.0345
0.0271
0.0360

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
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H321 0.50800(14)0.32105(15) [0.01360(7) (0.0385 |1.0000
H331 0.48420(14) 0.11582(16) (0.02641(7) (0.0352 |1.0000
H341 0.31534(13)/0.04862(14) [0.10905(7) (0.0282 |1.0000
H361 0.07011(14) 0.06142(12) (0.06728(7) (0.0233 |1.0000
H371 0.11253(15)]0.14452(13) [0.01068(7) (0.0302 |1.0000
H381 0.32625(15)]0.25586(13) [0.07153(8) (0.0316 |1.0000
H391 0.35793(14)]0.29514(13) [0.19160(8) (0.0295 |1.0000
H401 0.17350(13)0.21961(12) (0.24818(7) (0.0221 |1.0000
H411 0.03949(13)|0.48809(12) [0.35272(6) (0.0200 |1.0000
H421 0.10116(13)]0.62202(12) [0.41952(6) (0.0245 |1.0000
H431 0.33093(14)0.55316(13) (0.42281(7) (0.0272 |1.0000
H441 0.48446(13)]0.34996(13) [0.36209(7) (0.0245 |1.0000
H471 0.61264(13)]0.16309(13) [0.30999(7) 0.0270 |1.0000
H481 0.74518(13)0.05047(14) 0.25683(7) (0.0307 |1.0000
H491 0.64309(13)0.16934(13) [0.20980(7) (0.0248 |1.0000
H501 0.41368(12)0.06690(12) [0.21492(6) (0.0198 |1.0000
H512 -0.3678(2) |0.15384(18)0.63490(11) 0.0765 |1.0000
H511 -0.4542(2) |0.15390(18)/0.56826(11)0.0766 |1.0000
H513 -0.3803(2) |0.06745(18)0.56482(11)0.0763 |1.0000
H532 -0.1802(2) [0.3423(2) |0.49313(9) (0.0683 |1.0000
H531 -0.3202(2) 0.3351(2) 0.50321(9) (0.0678 |1.0000
H533 -0.3118(2) [0.2117(2) |0.46907(9) (0.0683 |1.0000

Thermal Parameters
Label Uni Uz Uss Uzs Uiz Uiz

Rh1 0.00955(6) [0.01032(6) (0.01036(6) 0.00185(4) 0.00138(4) 0.00479(4)
Fel [0.01429(9) 0.01273(9) 10.01218(9) 0.00319(7) (0.00120(7) (0.00642(7)
Pl [0.01059(14)0.01179(14) 0.01113(14) 0.00124(11) 0.00100(11) 0.00521(12)
Cl 0.0170(6) [0.0138(6) (0.0135(6) |0.0026(4) [0.0041(5) 0.0094(5)
C2  0.0201(6) 0.0151(6) (0.0123(6) |0.0009(5) [0.0017(5) 0.0100(5)
C3  10.0252(7) 0.0198(6) (0.0122(6) [0.0013(5) [0.0016(5) 0.0118(5)
C4 0.0251(7) 0.0217(6) |0.0144(6) |0.0063(5) [0.0069(5) 0.0134(6)
C5 0.0177(6) 0.0195(6) (0.0179(6) |0.0050(5) [0.0065(5) 0.0109(5)
C6 10.0162(6) 0.0132(6) (0.0131(6) (0.0010(4) (0.0015(5) 0.0078(5)
C7 0.0171(6) 10.0214(6) [0.0176(6) |0.0020(5) [0.0021(5) 0.0116(5)



C8

C9

C10
Cll1
C12
C13
Cl4
C15
Cl6
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41

0.0269(7)
0.0306(7)
0.0205(6)
0.0145(6)
0.0126(6)
0.0150(6)
0.0134(6)
0.0137(6)
0.0176(6)
0.0132(6)
0.0196(6)
0.0161(6)
0.0118(6)
0.0141(6)
0.0191(6)
0.0189(6)
0.0158(6)
0.0138(6)
0.0255(7)
0.0382(9)
0.0252(7)
0.0121(6)
0.0224(7)
0.0322(8)
0.0206(7)
0.0186(7)
0.0205(7)
0.0175(6)
0.0248(7)
0.0391(8)
0.0287(7)
0.0181(6)
0.0175(6)
0.0189(6)

0.0243(7)
0.0150(6)
0.0127(6)
0.0108(5)
0.0110(5)
0.0160(6)
0.0204(6)
0.0194(6)
0.0159(6)
0.0120(6)
0.0167(6)
0.0128(6)
0.0135(6)
0.0168(6)
0.0154(6)
0.0157(6)
0.0207(6)
0.0172(6)
0.0223(7)
0.0215(7)
0.0226(7)
0.0202(6)
0.0195(6)
0.0218(7)
0.0362(8)
0.0450(9)
0.0306(7)
0.0123(6)
0.0144(6)
0.0170(6)
0.0186(6)
0.0173(6)
0.0154(6)
0.0140(6)

0.0202(6)
0.0206(6)
0.0180(6)
0.0139(6)
0.0211(6)
0.0259(7)
0.0390(8)
0.0382(8)
0.0237(7)
0.0212(6)
0.0126(6)
0.0134(6)
0.0161(6)
0.0174(6)
0.0242(7)
0.0257(7)
0.0210(6)
0.0178(6)
0.0232(7)
0.0394(9)
0.0217(7)
0.0132(6)
0.0174(6)
0.0235(7)
0.0177(7)
0.0180(7)
0.0165(6)
0.0201(6)
0.0203(6)
0.0233(7)
0.0405(8)
0.0384(8)
0.0234(6)
0.0164(6)

0.0042(5)
0.0049(5)
0.0006(5)
0.0009(4)
0.0016(5)
0.0073(5)
0.0113(6)
0.0044(6)
0.0016(5)
0.0014(5)
0.0009(5)
0.0022(5)
0.0036(5)
0.0019(5)
0.0002(5)
0.0070(5)
0.0099(5)
0.0048(5)
0.0031(5)
0.0149(6)
0.0070(5)
0.0004(5)
0.0003(5)
-0.0027(6)
-0.0040(6)
0.0029(6)
0.0031(5)
0.0043(5)
0.0033(5)
0.0057(5)
0.0104(6)
0.0065(6)
0.0044(5)
0.0042(5)

0.0006(5)
0.0028(5)
0.0013(5)
0.0016(4)
-0.0007(5)
0.0018(5)
0.0015(6)
-0.0077(6)
-0.0054(5)
0.0001(5)
-0.0023(5)
-0.0003(5)
-0.0022(4)
-0.0037(5)
-0.0063(5)
-0.0058(5)
0.0001(5)
-0.0007(5)
0.0044(5)
0.0000(7)
0.0078(5)
0.0022(4)
0.0028(5)
0.0046(6)
0.0001(5)
-0.0012(5)
0.0027(5)
0.0078(5)
0.0075(5)
0.0174(6)
0.0223(6)
0.0093(6)
0.0049(5)
0.0018(5)

0.0182(6)
0.0125(6)
0.0059(5)
0.0078(5)
0.0055(5)
0.0040(5)
0.0012(5)
0.0029(5)
0.0064(5)
0.0057(5)
0.0066(5)
0.0041(5)
0.0038(5)
0.0061(5)
0.0083(5)
0.0043(5)
0.0045(5)
0.0053(5)
0.0140(6)
0.0111(6)
0.0109(6)
0.0042(5)
0.0069(5)
0.0040(6)
-0.0004(6)
0.0115(6)
0.0125(6)
0.0090(5)
0.0102(5)
0.0150(6)
0.0132(6)
0.0094(5)
0.0089(5)
0.0074(5)
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C42 10.0261(7) 10.0148(6)
C43 10.0305(7) |0.0198(6)
C44 10.0208(6) 0.0215(6)
C45 (0.0171(6) |0.0173(6)
C46 0.0170(6) 0.0182(6)
C47 10.0175(6) 0.0256(7)
C48 10.0127(6) 0.0287(7)
C49 10.0164(6) |0.0188(6)
C50 10.0164(6) 0.0162(6)
C51 10.0508(11) 0.0351(9)
C52 10.0271(7) 0.0203(6)
C53 10.0709(13) 0.0574(11)
N1 10.0135(5) 0.0123(5)
N2 10.0104(5) |0.0107(5)
N3 0.0155(5) |0.0136(5)
N4 0.0133(5) |0.0168(5)
Ol 10.0412(8) 0.0533(8)
B1 0.0177(7) 0.0308(8)
B2 10.0198(7) 10.0201(7)
F1  10.0165(4) 0.0258(4)
F2  10.0411(5) |0.0522(6)
F3  10.0422(5) 0.0660(7)
F4  10.0251(5) 0.0408(5)
F5  10.0671(7) 0.0435(6)
F6  10.0285(5) |0.0435(5)
F7 10.0225(4) 0.0504(5)
F8 10.0306(5) |0.0321(5)
Distances

Rh1 P1  23711(3)A

Rh1 |C11 [2.0330(12)A
Rh1 N4  2.1291(10)A
Fel |C1  2.0132(12)A
Fel [C3  2.0509(12)A
Fel [C5 [2.0192(12)A

0.0177(6)
0.0195(6)
0.0206(6)
0.0116(5)
0.0123(5)
0.0222(7)
0.0287(7)
0.0221(6)
0.0152(6)
0.0604(12)
0.0243(7)
0.0355(9)
0.0146(5)
0.0157(5)
0.0129(5)
0.0112(5)
0.0632(9)
0.0199(7)
0.0251(8)
0.0222(4)
0.0314(5)
0.0335(5)
0.0537(6)
0.0811(8)
0.0279(5)
0.0223(4)
0.0289(4)

Rh1 |C1
Rh1 N3
Rh1 F1
Fel C2
Fel C4
Fel C6

0.0028(5)
0.0021(5)
0.0052(5)
0.0047(5)
0.0041(5)
-0.0010(5)
0.0006(6)
0.0013(5)
0.0029(5)
0.0192(9)
-0.0005(5)
0.0204(8)
0.0015(4)
0.0022(4)
0.0039(4)
0.0042(4)
-0.0154(7)
0.0082(6)
0.0027(6)
0.0105(3)
0.0082(4)
0.0311(5)
0.0029(5)
0.0329(6)
-0.0018(4)
-0.0017(4)
0.0044(4)

1.9912(12)A
2.0805(10)A
2.3500(7)A

2.0427(12)A
2.0463(12)A
1.9962(12)A

0.0018(5)
0.0059(5)
0.0054(5)
0.0018(4)
0.0028(4)
0.0026(5)
0.0030(5)
0.0016(5)
0.0031(5)
0.0176(9)
-0.0011(6)
0.0234(9)
-0.0005(4)
0.0000(4)
0.0021(4)
0.0025(4)
-0.0236(7)
0.0016(6)
0.0022(6)
0.0037(3)
0.0083(4)
0.0144(4)
-0.0126(4)
0.0412(6)
-0.0024(4)
0.0001(3)
0.0107(4)

0.0103(5)
0.0170(6)
0.0135(5)
0.0099(5)
0.0102(5)
0.0125(6)
0.0079(6)
0.0061(5)
0.0080(5)
0.0171(9)
0.0125(6)
0.0503(11)
0.0059(4)
0.0037(4)
0.0079(4)
0.0079(4)
0.0173(7)
0.0108(6)
0.0090(6)
0.0084(3)
0.0306(5)
0.0319(5)
0.0066(4)
0.0426(6)
-0.0018(4)
0.0190(4)
0.0152(4)

17



Fel |C7
Fel |C9

Pl
Pl
Cl
C2
C3
C4
C6
C7
C8
C9

C10 H101

Co
C35
G5
CI18
H31
H41
C7
C8
9
C10

CI11 N2

C12 C17
C13 C14
C14 C15
C15 Cl6
Cl6 C17
C17 N1

C18 [H181 0.996A
C19 C20
C19 H192 0.974A
C20 C21
C21 C22
C22C23
C23 C24
C24 C25
C25 C28
C26 H262 0.962A
C27 H271 0.962A
C27 H273 0.948A
C28 H282 0.973A
C29 C30

2.0285(13)A
2.0551(13)A
1.8191(12)A
1.8370(12)A
1.4415(17)A
1.4886(18)A
0.983A
0.980A
1.4418(17)A
1.4220(19)A
1.417(2)A
1.4239(19)A
0.973A
1.3674(16)A
1.3835(19)A
1.3861(19)A
1.400(2)A
1.383(2)A
1.3992(18)A
1.3943(16)A

1.5245(16)A

1.4026(18)A
1.3971(18)A
1.391(2)A
1.386(2)A
1.3940(18)A
1.5070(19)A

1.3974(19)A

Fel C8
Fel C10

Pl
Cl
C2
C3
C4
(O8]
Cé
C7
C8
C9

C29
C2
C3
C4
G5
H51
C10
H71
H81
H91

C11 N1
C12 C13
C12 N2

C13 H131
C14 H141
C15 H151
C16 H161

C18 N1

C18 H182

C19 N2

C19 H191

C20 C25
C21 C26

C22 H221

C23 C27

C24 H241
C26 H261

2.0668(13)A
2.0075(12)A
1.8259(12)A
1.4224(18)A
1.4329(18)A
1.4212(19)A
1.4247(18)A
0.981A
1.4401(17)A
0.990A
0.977A
0.986A
1.3598(16)A
1.3976(18)A
1.3936(16)A
0.958A
0.937A
0.935A
0.938A
1.4719(16)A
0.970A
1.4807(15)A
0.984A
1.4090(18)A
1.5050(19)A
0.959A
1.5072(18)A
0.939A
0.974A

C26 H263 0.975A
C27 H272 0.946A
C28 H281 0.963A
C28 H283 0.958A
C29 C34

1.3970(19)A



C30/C31
C31/C32
C32/C33
C33/C34
C34 H341
C35/C40
C36 H361
C37 H371
C38 H381
C39 H391
C41/Cc42
C41 H411
C42 H421
C43 H431
C44 H441
C45N3
C46 N4
C47 H471
C48 H481
C49 H491
C50 H501
C51/H512
C51 /H513
C52/01
C53 H531
Bl [FI
Bl [F3
B2 [F5

B2 |F7
Angles
P1 Rh1

Cl |Rhl

Cl  |Rh1 N3
Pl  Rhl N4

1.391(2)A
1.388(2)A
1.380(2)A
1.391(2)A
0.946A
1.3969(18)A
0.944A
0.941A
0.951A
0.961A
1.3813(18)A
0.954A
0.957A
0.956A
0.948A
1.3499(17)A
1.3557(16)A
0.944A
0.944A
0.959A
0.9584
0.959A
0.972A
1.1964(19)A
0.963A
1.4512(17)A
1.3683(18)A
1.3744(19)A
1.4062(18)A

Cl 90.06(3)°
91.62(5)°
84.73(4)°
102.67(3)°

Cll1

C30 H301
C31 H311
C32 H321
C33 H331
C35 C36
C36 C37
C37 C38
C38 C39
C39/C40
C40 H401
C41 N3
C42 C43
C43 C44
C44 C45
C45 C46
C46 C47
C47 C48
C48 C49
C49C50
C50 N4
C51 C52
C51 H511
C52|C53
C53 H532
C53 [H533
Bl F2
Bl F4
B2 F6
B2 F8

P1
P1
Cll1
Cl1

0.971A
0.966A
0.956A
0.961A
1.3972(18)A
1.3932(19)A
1.385(2)A
1.385(2)A
1.3913(19)A
0.945A
1.3426(16)A
1.383(2)A
1.385(2)A
1.3869(18)A
1.4771(17)A
1.3843(19)A
1.380(2)A
1.381(2)A
1.3797(19)A
1.3432(17)A
1.492(2)A
0.963A
1.483(2)A
0.960A
0.973A
1.3691(19)A
1.3733(19)A
1.3740(18)A
1.3976(18)A

Rh1 |C11
Rh1 N3
Rh1 N3
Rh1 N4

85.92(3)°
174.70(3)°
93.26(4)°
88.90(4)°
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Cll1
Pl
Cl1
N4
Cl
Cl
C3
C2
C4
C2
C4
Cl
C3
(O8]
C2
C4
Cl
C3
(O8]
C2
C4
Co
C7
C7
Co
C8

Cé6
Cé6
Rhl
Fel
Fel
Fel
Cl

Rh1 N4
Rh1 F1

Rh1 F1

Rh1 F1

Fel C3

Fel C4
Fel C4
Fel C5
Fel C5
Fel C6
Fel C6
Fel C7
Fel |C7
Fel [C7
Fel C8
Fel C8
Fel C9
Fel C9
Fel C9
Fel C10
Fel |C10
Fel C7
Fel C8
Fel C9
Fel |C10
Fel C10
P1 Co6
P1 C29
P1 |C35
Cl Fel
Cl C2
Cl C5
C2 Cl

C2 C3

171.40(4)°
98.50(2)°
100.71(4)°
77.75(3)°
69.55(5)°
69.87(5)°
40.59(5)°
69.07(5)°
41.02(5)°
117.87(5)°
155.98(5)°
121.06(5)°
125.65(5)°
156.71(5)°
129.26(5)°
126.03(5)°
152.25(5)°
128.69(5)°
118.91(5)°
152.15(5)°
121.26(5)°
41.98(5)°
40.62(5)°
68.68(5)°
42.16(5)°
68.75(5)°
111.69(4)°
103.57(6)°
104.47(6)°
124.33(6)°
70.58(7)°
69.28(7)°
68.36(7)°
108.57(11)°

N3
Cl1
N3
Cl1
C2
C2
Cl
C3
Cl1
C3
C5
C2
C4
Cl1
C3
C5
C2
C4
Cl
C3
(O8]
C6
C6
C8
C7
C9

Rhl
C29
Rhl

C2
Fel
Fel

Rhl

Rhl
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
P1

P1

P1

Cl

Cl1

Cl

C2

C2

N4
F1
F1
C2
C3
C4
G5
Cs
C6
Co6
Co
C7
C7
C8
C8
C8
C9
C9
C10
C10
C10
C8
C9
C9
C10
C10
C29
C35
C35
C2
(O}
G5
C3
C18

78.23(4)°
165.42(4)°
86.80(3)°
41.05(5)°
40.98(5)°
68.75(5)°
41.89(5)°
68.87(5)°
99.51(5)°
156.95(5)°
117.08(5)°
108.76(5)°
161.58(5)°
160.85(5)°
114.28(5)°
157.07(5)°
166.20(5)°
109.11(5)°
114.32(5)°
160.73(5)°
100.86(5)°
69.63(5)°
69.94(5)°
40.21(6)°
69.90(5)°
41.01(5)°
116.14(4)°
117.20(4)°
102.17(6)°
126.13(9)°
126.81(9)°
107.04(11)°
69.82(7)°
133.92(9)°
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Cl
Fel
C2
C2
Fel
C3
C3
Fel
Cl
Cl
Fel
P1
P1
Fel
C6
C6
Fel
C7
C7
Fel
C8
C8
Fel
C6
Co6

N1

C13
Cl12
Cl4
C13
Cl4
Cl16
C15

C2 C18
C3 C2
C3 C4
C3 H31
C4 C3
Cc4 C5
C4 H41
C5 [Cl
C5 [C4
C5 HS1
C6 Pl
Cco C7
Cé6 Cl10
C7 Cé
C7 C8
C7 HT71
c8 C7
c8 C9
C8 H81
C9 C8
c9 Cl10
C9 HI1
C10 Cé6
C10 C9
C10 H101
CI11 N1
CI11 N2
CI12 N2
C13 Cl14
C13 H131
Cl14 H141
C15 Cl6
C15 HI151
Cl6 H161

127.23(11)°
69.20(7)°
107.99(11)°
125.122°
69.88(7)°
107.95(11)°
125.261°
68.83(7)°
108.42(11)°
125.684°
114.38(6)°
129.03(9)°
122.72(9)°
67.81(7)°
108.24(11)°
127.177°
68.24(7)°
108.48(11)°
124.923°
70.34(7)°
108.20(11)°
126.847°
68.50(7)°
108.38(11)°
125.426°
126.07(9)°
106.13(10)°
131.82(12)°
116.32(12)°
121.590°
118.437°
121.62(12)°
118.505°
121.845°

C3
Fel
Fel
C4
Fel
Fel
Cs5
Fel
Fel
C4
Fel
Fel
C7
Fel
Fel
C8
Fel
Fel
C9
Fel
Fel
C10
Fel
Fel
C9

C13
C17
C12
CI3
C15
Cl4
C15
C17

C2
C3
C3
C3
C4
C4
C4
C5
C5
C5
Cé6
)
Cé6
C7
C7
C7
C8
C8
C8
C9
C9
C9

C18
C4

H31
H31
G5

H41
H41
C4

H51
H51
C7

C10
C10
C8

H71
H71
C9

H81
HS81
C10
H91
H91

C10C9

C10 H101
C10 H101

CI1 N2
C12 C17
CI2 N2

C13 H131

Cl14 C15

Cl14 H141
CI15 H151

Cl6 C17

Cl6 H161

123.71(11)°
69.53(7)°
125.725°
126.877°
68.47(7)°
125.713°
126.757°
70.51(7)°
124.547°
125.850°
70.21(7)°
69.34(7)°
106.70(11)°
71.14(7)°
125.476°
124.561°
69.45(7)°
127.921°
126.594°
67.70(7)°
125.407°
124.898°
71.29(7)°
125.743°
126.194°
127.80(9)°
121.42(11)°
106.67(11)°
122.092°
122.07(13)°
119.485°
119.877°
116.12(12)°
122.024°
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C12 Cl17/Cl6
Cl6 Cl17 Nl
C2 CI8 HI&I
C2 |CI8 H182
HI81 C18 H182
C20 C19 H192
C20 CI19 HI91
H192 /C19 H191
C19 C20C25
C20 C21 C22
C22 C21C26
C21 |C22 H221
C22 (C23/C24
C24 (C23 C27
C23 C24 H241
C20 C25/C24
C24 (C25C28
C21 |C26 H262
C21 C26 H263
H262 C26 H263
C23 |C27 H272
C23 C27 H273
H272 C27 H273
C25 |C28 H282
C25 C28 H283
H282 C28 H283
P1  C29/C34
C29 C30/C31
C31 C30 H301
C30 C31 H311
C31 C32/C33
C33 C32 H321
C32 |C33 H331
C29 C34C33

122.36(12)°
131.10(12)°
108.355°
110.269°
109.258°
109.312°
109.176°
108.316°
119.39(11)°
119.00(12)°
118.74(12)°
119.708°
118.11(12)°
121.07(13)°
118.544°
119.10(12)°
117.85(12)°
109.927°
110.495°
108.776°
109.996°
109.482°
111.467°
110.993°
111.390°
108.773°
119.46(10)°
119.97(13)°
119.714°
119.310°
120.31(13)°
118.174°
119.534°
120.05(14)°

C12
C2
NI
N1
C20
N2
N2
C19
C21
C20
C21
C23
C22
C23
C25
C20
C21
H261
H261
C23
H271
H271
C25
H281
H281
P1
C30
C29
C30
C32
C31
C32
C34
C29

CI17 NI
C18 N1
C18 H181
C18 H182
CI9 N2
C19 H192
C19 H191
C20 C21
C20 C25
C21 C26
C22C23
C22 H221
C23 C27
C24 C25
C24 H241
C25C28
C26 H261
C26 H262
C26 H263
C27 H271
C27 H272
C27 H273
C28 H281
C28 H282
C28 H283
C29 C30
C29 C34
C30 H301
C31/C32
C31 H311
C32 H321
C33 C34
C33 H331
C34 H341

106.52(10)°
115.22(10)°
106.681°
106.897°
114.27(10)°
107.627°
107.976°
120.85(11)°
119.74(11)°
122.25(11)°
121.95(12)°
118.345°
120.81(13)°
121.96(12)°
119.495°
123.05(11)°
109.085°
109.915°
108.624°
109.003°
106.487°
110.343°
109.450°
108.064°
108.066°
121.11(10)°
119.43(12)°
120.312°
120.03(14)°
120.661°
121.517°
120.14(14)°
120.309°
119.137°
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C33
Pl
C35
C37
C36
C37
C39
C38
C35
C39
C42
C41
C43
c42
C43
C45
C44
C45
C47
C46
C47
C49
C48
C49
N4
Cs2
C52

C34 H341
C35/C40
C36 C37
C36 H361
C37 H371
C38 C39
C38 H381
C39 H391
C40C39
C40 H401
C41 H411
C42/C43
C42 H421
C43 H431
C44 C45
C44 H441
C45 N3
C46 C47
C46 N4
C47 H471
C48 C49
C48 H481
C49 H491
C50 N4
C50 H501
C51 HS511
C51 H513

H511 C51 H513

C51
C52

C52 01
C53 H532

H532 /C53 HS531
H532 C53 H533

Cll1

N1 C17

C17 N1 C18

120.810°
120.89(10)°
120.13(13)°
119.880°
119.397°
120.09(12)°
120.287°
120.528°
120.86(13)°
119.672°
120.312°
119.01(12)°
121.521°
121.626°
119.61(12)°
119.419°
121.19(11)°
122.41(11)°
121.55(11)°
119.685°
118.96(12)°
120.615°
121.359°
123.11(11)°
117.441°
109.062°
107.146°
111.164°
121.95(16)°
108.471°
112.136°
109.684°
110.48(10)°
119.79(10)°

Pl

C36
C35
C36
C38
C37
C38
C40
C35
C42
N3

C41
C42
C44
C43
C44
C46
C45
C46
C48
C47
C48
C50
C49
C52

C35 C36
C35/C40
C36 H361
C37/C38
C37 H371
C38 H381
C39C40
C39 H391
C40 H401
C41 N3
C41 H411
C42 H421
C43 C44
C43 H431
C44 H441
C45 C46
C45 N3
C46 N4
C47 C48
C47 H471
C48 H481
C49 C50
C49 H491
C50 H501
C51 H512

H512 |C51 HS511
H512 |C51 H513

Csl1
Cs3
C52
C52

C52/C53
C52 /01
C53 HS531
C53 H533

H531 |C53 H533

Cll1
Cll1

N1 |C18
N2 |Cl12

120.32(10)°
118.78(12)°
119.991°
120.38(13)°
120.226°
119.620°
119.74(13)°
119.724°
119.473°
122.33(12)°
117.357°
119.459°
118.78(12)°
119.597°
120.931°
123.09(11)°
115.64(11)°
116.00(11)°
119.67(12)°
120.630°
120.418°
118.64(12)°
119.993°
119.443°
106.812°
112.056°
110.374°
116.01(15)°
122.01(17)°
108.920°
107.642°
109.868°
129.37(10)°
110.16(10)°

23



N2
N3
N3
N4
B1
B1
B1
B2
B2
B2
F1

C19
C41
C45
C50
F2
F3
F4
F6
F7
F8
Bl

126.91(10)°
125.00(8)°

119.03(11)°
128.18(8)°

108.58(11)°
111.39(13)°
111.08(13)°
111.69(13)°
108.21(12)°
108.98(12)°
144.54(8)°

C12

Rhl
C46
F1
F1
F3
F5
F5
F7

N2
N3
N4
N4
Bl
Bl
Bl
B2
B2
B2

C19
C45
C46
C50
F3
F4
F4
F7
F8
F8

122.42(10)°
115.91(8)°

113.76(8)°

118.01(10)°
107.08(11)°
106.83(12)°
111.64(13)°
108.08(13)°
110.57(12)°
109.26(11)°



