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Abstract. The Rh-Rh™ mixed valence dinuclear complex Rh,-
Cly(u-H)(u-n? *-C,N-NCsH,-2-(Z)CH=CH)(PPhMe,); has been pre-
pared by reaction of [Rh(u—Cl)(nz-coe)z]2 with 2-vinylpyridine in the
presence of dimethylphenylphosphine as a result of C-H activation of
the terminal olefinic proton. The X-ray structure presents anagostic
Rh---HC and =n-m interactions between aromatic rings. In contrast,
1-vinylpyrazole does not undergo a C-H activation process, resulting
in the formation of dinuclear species supported by 1-vinylpyrazole
bridges. Anagostic Rh---HC interactions and CH:--Cl hydrogen bonds
are responsible for the 3D packing of the complex.

Keywords: C-H Activation; Vinylpyridine; Vinylpyrazole; Rhodium;
Dinuclear Complexes.

Resumen. El complejo dinuclear de valencia mixta Rh™-Rh™ Rh,-
Cly(u-H)(u-n? *-C,N-NCsH,-2-(Z)CH=CH)(PPhMe,); ha sido pre-
parado por reaccién de [Rh(u-Cl)(n>-coe),], con 2-vinilpiridina en
presencia de dimetilfenilfosfina, como resultado de la activacion C-H
del protéon terminal de la olefina. La estructura de rayos-X presenta
enlaces anagodsticos Rh---HC, asi como interacciones n-n entre anillos
aromaticos. Por otro lado, la reaccion con 1-vinilpirazol no da lugar a
una activacion C-H sino que se observa la formacion de una especie
dinuclear soportada por ligandos 1-vinilpirazol puente. Diferentes in-
teracciones anagoésticas Rh---HC y de enlace de hidrogeno CH:--Cl
son responsables del empaquetamiento tridimensional del complejo.
Palabras clave: Activacion C-H; Vinilpiridina; Vinilpirazol; Rodio;
Complejos Dinucleares.

Introduction

Transition-metal mediated C-H activation has become a pivotal
tool for synthetic chemists [1]. The presence of a nucleophilic
directing group typically promotes the selective cleavage of the
C-H bond by approaching it to the metallic center. In this con-
text, pyridine and pyrazole scaffolds constitute a prevalent fam-
ily of auxiliaries which have been successfully applied in the
activation of aromatic, olefinic or even aliphatic C-H bonds [2].
Nevertheless, in order to exert a better control on the catalytic
performance, a detailed knowledge of the mechanism of the
process is essential. Therefore, stoichiometric reactivity studies
on selected organometallic precursors with substrates amenable
for C-H activation is of great interest.

In this context, our research group has recently disclosed
new catalytic coupling reactions between 2-vinylpyridine [3]
and 1-vinylpyrazole [4] with alkynes mediated by rhodium cat-
alysts bearing N-heterocyclic carbenes (NHC) [5]. In both cat-
alytic systems C-H activation of the heteroaromatic olefin has
been proposed as key step. Interestingly, a rhodium-hydrido-IPr
{IPr = 1,3-bis-(2,6-diisopropylphenyl)imidazol-2-carbene} in-
termediate could be detected in the case of 1-vinylpyrazole but
similar species was not observed for 2-vinylpyridine (Scheme

1). We now hypothesize that reducing the steric hindrance of
the two-electron donor ligand present in the catalyst precursor,
by replacing the bulky NHC ligand with a small phosphine,
may help in the stabilization of the hydrido-vinyl-rhodium(III)
species. Thus, we present herein the very different reactivity of
2-vinylpyridine and 1-vinylpyrazole with a rhodium(I) precur-
sor in the presence of less sterically encumbered dimethylphen-
ylphosphine ligand.

Results and discussion

Treatment of an orange toluene solution of [Rh(u-Cl)(n*-coe),],
(1) (coe = cyclooctene) with 2-vinylpyridine and dimethyl-
phenylphosphine (P:Rh ratio of 2:1) led, after 1 h at room tem-
perature, to the formation of a red solid characterized as the
Rh'-Rh™ mixed valence dinuclear complex Rh,Cl,(u-H)
(un?%k*-CN-NCsH,-2-(Z) CH=CH)(PPhMe,), (2). When the
reaction was conducted under the same conditions with the cor-
rect stoichiometry (P:Rh ratio of 1.5:1), the dinuclear deriva-
tive 2 was isolated in 73% yield (Scheme 2). Complex 2 is the
result of the C-H bond activation in 2-vinylpyridine to form a
hydrido-Rh"-alkenyl cyclometalated intermediate, which is
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Scheme 1. C-H activation as key step

in C-C catalytic coupling reactions.
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Scheme 2. Formation of dinuclear complexes 2 and 3.

stabilized by the formation of both hydrido and olefin bridges
to a phosphine-Rh' fragment. The bridging coordination mode
of the 2-(pyridin-2-yl)vinyl ligand in organometallic complex-
es is unusual but not unprecedented [6].

Complex 2 is very sensitive to oxygen and moisture and
even slowly decomposes in CD,Cl, solutions, so satisfactory
elemental analysis could not be obtained. However, the com-
pound has been unambiguous characterized in solution by mul-
tinuclear NMR spectroscopy and in the solid state by X-ray
diffraction analysis. Figure 1 reports the ORTEP view of 2 and
a selection of bond lengths and angles. The complex contains
two rhodium centers, Rh(1) with a octahedral environment and
Rh(2) with a square planar geometry. The coordination sphere

at Rh(1) — formally a Rh'" centre — contains two phosphorus
atoms in a cis arrangement and one chlorido ligand cis to both
P(1) and P(2). The remaining coordination sites are occupied
by the bridging hydrido ligand trans to P(2) and the bidentate
«?-C,N 2-(pyridin-2-yl)vinyl moiety with the pyridine nitrogen
atom N(48) located trans to P(1). The pyridine ring displays
pitch and yaw angles of 3.1° and 7.9°, respectively [4]. The coor-
dination polyhedron at Rh(2) — formally a Rh'! centre — is square
planar with a T-shaped arrangement of P(3), C1(2) and H(1) and
the n? vinyl moiety C(41)-C(42) in the remaining coordination
site trans to C1(2). The n*-vinyl moiety lays out of the coordi-
nation plane of Rh(2), indeed the angle between the least square
planes Rh(2)-C(41)-C(42) and Rh(2)-H(1)-CI(2)-P(3) is 67.5°.
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Remarkably the short intermetallic distance {Rh(1)---Rh(2)
2.8130(2) A} should be consequence of the small bridging hy-
drido ligand rather than of an intermetallic bond or interaction.
In addition, m-stacking between the phenyl ring of the phos-
phine(3) and the pyridyl moiety induces a parallel offset ar-
rangement of the above mentioned aromatic rings [7] (Figure
2). More interestingly, pairs of dinuclear complexes are joined
together by means of Rh(2)---H(35)-C(35) anagostic interactions
{Rh(2)---H(35) 2.82(3) A; C(35)-H(35)-Rh(2) 151(1)°} [8].
The structure of 2 in the solid state is maintained in solu-
tion, as inferred from the NMR spectra. The *'P{'H} NMR
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spectrum show three doublets of doublets of doublets of dou-
blets corresponding to the inequivalent phosphine ligands as
a consequence of the phosphorus-phosphorus and phospho-
rus-rhodium couplings (table 1 and Figure 3). All three phos-
phorus atoms couple each other and with both NMR active
rhodium centers. The higher coupling constant for each phos-
phorus resonance corresponds to the directly attached rhodi-
um atom. We assigned that of 176 Hz to the phosphine P(3),
attached to the Rh' center, whereas the two others correspond
to the phosphines coordinated to Rh'™ centre {'Jp ¢, = 115 Hz
P(1), 111 Hz P(2)}. Small J; g, values were observed with the

Figure 1. ORTEP view of the X-ray structure of 2 with the numbermg scheme adopted. Most hydrogen atoms are omitted for clarity. Ellipsoids are
at 50 % probability. Selected bond lengths (A) and angles (°) (ct: centroid): Rh(1)-N(48) 2.1125(15), Rh(1)-P(1) 2.2468(5), Rh(1)-P(2) 2.3210(5),
Rh(2)-P(3) 2.2403(5), Rh(1)-H(1) 1.70(2), Rh(2)-H(1) 1.80(2), Rh(1)-CI(1) 2.5044(5), Rh(2)-Cl(2) 2.3801(5), Rh(1)--"Rh(2) 2.8130(2),
Rh(1)-C(41) 2.0026(18), Rh(2)-ct{C(41)-C(42)] 1.95779(17), C(41)-C(42) 1.425(2), C(41)-Rh(1)-N(48) 81.89(7), N(48)-Rh(1)-P(1) 170.56(4),
P(1)-Rh(1)-P(2) 98.123(17), P(2)-Rh(1)-H(1) 175.4(7), ct[C(41)-C(41)]-Rh(2)-P(3) 96.564(14), ct[C(41)-C(41)]-Rh(2)-C1(2)169.502(13),

ct[C(41)-C(41)]-Rh(2)-H(1) 88.4(7), P(3)-Rh(2)-H(1) 174.8(7).

Figure 2. Two molecules of 2 related by an inversion centre, showing the anagostic Rh---HC interaction (blue) and the n-stacking of the P(3)
phenyl ring and the pyridyl moiety. Most hydrogen atoms and the P(1)- and P(2)-substituents are omitted for clarity. H(35)---Rh(2) 2.82(3) A;

C(35)-H(35)-Rh(2) 151(1)".
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Table 1. Scalar Couplings (Hz) between NMR active heteroatoms of 2.

J Rh(1) Rh(2) P(1) PQ2) P(3)
Rh(1) - - 115 111 10
Rh(2) - - 3 7 176
P(1) 115 3 - 27 3
P(2) 111 27 - 56
P(3) 10 176 3 56 -
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Figure 3. *'P NMR spectra of 2 in C4D¢/CD,Cl, at 298 K.

remote metal atom {3JP_Rh = 3 Hgz, P(1); 7 Hz, P(2); 10 Hz,
P(3)}. Regarding the P-P couplings, the higher one (56 Hz) is
attributed to in plane P(2)-Rh!-Rh"-P(3) arrangement. The two
phosphines bonded to the Rh™! atom coupled each other with a
%Jp.p = 27 Hz, while the smaller value of 3 Hz are observed for
the out of plane P(1)-Rh!-Rh'"'-P(3) interaction.

The most characteristic resonance in the 'H NMR spec-
trum of 2 is a complex signal at 6 -11.40 ppm corresponding to
the hydrido ligand which couples with the three phosphorus
atoms and the two metals (Figure 4d). 'H{*'P} NMR allowed
for the determination of two 'Jy; g, of 17 and 20 Hz, typical for
a saturated Rh'- or a square planar Rh'-hydrido complexes
(Figure 4c). The values for the hydrido-phosphorus coupling
can be determined via selective 'H{*'P} NMR experiments by
irradiation either on the P, 5 (Figure 4a) or P, (Figure 4b) shifts
alternatively, giving rise to 18 and 50 Hz for 2JH_P(1,3) and 128
Hz for ZJH—P(Z)' In addition, two doublets corresponding to the
alkenyl protons were observed in the '"H NMR spectrum at &
6.54 and 3.00 ppm with a mutual coupling of 4.8 Hz, indicating
a Z stereochemistry and coordination to the metallic center. The
Rh-alkenyl p-n’ ligand was confirmed by the appearance in the
BC{'H} NMR spectrum of a multiplet appearing at & 133.9
ppm, assigned to metallated carbon, and a doublet of doublets of
doublets at 59.6 ppm (‘J¢ gy = 12.9 Hz, 2Jcp = % gy = 3.0 Hz)
corresponding to the vinylic carbon attached to pyridine ring.

In contrast to the formation of the hydrido-alkenyl com-
plex 2, treatment of 1 with 1-vinylpyrazole in the presence of

dimethylphenylphosphine (P:Rh ratio of 1:1) did not result in
the cleavage of the olefinic C-H bond. Instead, the dinuclear
Rh! complex Rh,Cl,(u-1n?,N,C;H;-1-CH=CH,)(PPhMe,); (3)
was obtained in which the 1-vinylpyrazole act as a bridge
through the C=C bond and a nitrogen atom. Several attempts of
isolation of 3 failed and just starting material was recovered
indicating that the formation of 3 is reversible. However, com-
plex 3 has been characterized in situ by multinuclear NMR and
by a X-ray diffraction analysis on a single crystal. Heating of a
sample of 3 resulted in a mixture of unidentified products with
trace of hydrido signals.

Crystals of 3 were obtained by evaporation of a C;D:CD,-
Cl, solution of the compound and the solid state structure was
determined by single crystal X-ray diffraction measurements.
Figure 5 reports the ORTEP view of the complex and a selec-
tion of bond lengths and angles. The dinuclear complex is sup-
ported by two I1-vinylpyrazole ligands with a head-to-tail
mutual disposition. Each 1-vinylpyrazole displays a x-N-n’-
C,C’ coordination mode with the nitrogen bonded to one rhodi-
um centre and the n>-C,C’ group to the other. To the best of our
knowledge, this is the first structurally characterized metal
complex featuring such coordination mode. Further, it is worth
mentioning that the palladium complex PdCl,(k-N-1-vinyl-3-
methyl-pyrazole), [9] and the rhodium derivative RhCI(IPr)
(k-N,n%-3,5-dimethyl-1-vinylpyrazole) described by us [4] are
the only coordination compounds containing a 1-vinylpyrazole
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Figure 4. Hydrido region of the '"H NMR spectra of 2 in C¢D¢/CD,Cl, at 298 K.

Figure 5. ORTEP view of the X-ray structure of 3. Hydrogen atoms are omitted for clarity. Ellipsoids are at 50 % probability. Selected bond
lengths (A) and angles (°) (ct: centroid): R(1)-N(24) 2.130(3), Rh(1)-P(1) 2.2384(10), Rh(1)-ct[C(11)-C(12)] 1.9585(5), C(11)-C(12) 1.412(5),
R(2)-N(14) 2.128(2), Rh(2)-P(2) 2.2340(10), Rh(2)-ct[C(21)-C(22)] 1.9620(6), C(21)-C(22) 1.406(4), N(13)-N(14) 1.352(3); N(23)-N(24)
1.360(4), N(24)-Rh(1)-P(1) 173.58(8), N(24)-Rh(1)-CI(1) 89.52(8), ct[C(11)-C(12)]-Rh(1)-P(1) 92.69(4), ct[C(11)-C(12)]-Rh(1)-CI(1) 175.77(3),
N(14)-Rh(2)-P(2) 170.31(7), N(14)-Rh(2)-C1(2) 91.45(7), ct[C(21)-C(22)]-Rh(2)-P(2) 89.01(3), ct[C(21)-C(22)]-Rh(2)-C1(2) 178.23(3).

ligand that have been structurally characterized by X-ray dif-
fraction techniques so far.

The metal centers display a square planar coordination that
includes one phosphorus frans to nitrogen {N(24)-Rh(1)-P(1)
173.58(8), N(14)-Rh(2)-P(2) 170.31(7) A} and one chlori-
do ligand trans to the 1>-CC’ group {ct[C(11)-C(12)]-Rh(1)-
CI(1) 175.77(3), ct[C(21)-C(22)]-Rh(2)-C1(2) 178.23(3) A}.
Both pyrazolyl rings lay out of the metal coordination plane
{N(13)-N(14)-Rh(2)-CI(2) 66.0(2), N(23)-N(24)-Rh(1)-CI(1)
71.8(2)°}. Further, the two 1?-CC’ bonds are almost perpen-
dicular to the coordination plane {C(11)-ct[C(11)-C(12)]-
Rh(1)-P(1) 86.8(3), C(21)-ct[C(21)-C(22)]-Rh(2)-P(2) 79.7(3)
°. The large intermetallic distance {Rh(1)---Rh(2) 3.288(1) A}
rules out any interaction between the two metal centres. When

considering the 3D packing, interestingly anagostic CH---Rh
interactions generate chains of dinuclear complexes growing
parallel to the b axis (Figure 6A). In addition these chains are
joined together by means of CH:--Cl hydrogen bonds (Figure
6B) [10] rendering double chains which afford the 3D pack-
ing by means of bifurcated CH---Cl hydrogen bonds - namely
Cl(2)---H(27)-C(27), C1(2)---H(21B)-C(21)) (Figure 6C).

The NMR data of 3 agrees with the molecular structure
found in the solid state. Coordination to rhodium of the alkenyl
substituent of 1-vinylpyrazole is reflected in the shielding of
signals for the olefinic protons (3 5.15, 2.00, and 1.78 ppm) in
the '"H NMR spectrum. Indeed two doublets of doublets were
observed at 63.5 (Jog, = 17.0 Hz, Jo»,= 2.5 Hz) and 36.0 ppm
(Jern=17.9 Hz, Jop= 3.0 Hz) in the *C{'H} NMR spectrum.
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Figure 6. (A) CH:---Rh anagostic interaction (blue) between adjacent molecules of 3 forming chains along b. Most hydrogen atoms are omitted
for clarity, H(46)---Rh(1) 2.975(1) A; C(46)-H(46)-Rh(1) 140.8(2)°. (B) View of the C(42)-H(42b)---CI(1) contacts (violet) along with the ana-
gostic CH---Rh interaction (blue), H(42b)---CI(1) 2.881(1) A; C(42)-H(42b)-Rh(1) 159.5(3)°. (C) View of the C(27)-H(27) - C1(2) and C(21)-
H(21b)--- CI(2) contacts (red) along with the anagostic CH:--Rh contacts (blue). Only the ipso carbon of the P(1)-phenyl ring is shown,
H(27)---CI(2) 2.849(1) A; C(27)-H(27)-C1(2) 135.4(2)°; H(21b)---C1(2) 2.73(5) A; C(21)-H(21b)-CI(2) 150(4)°.

The *'P{'"H} NMR spectrum displays a sole doublet indicating
the equivalence of the phosphines.

The different reactivity for 2-vinylpyridine and 1-vin-
ylpyrazole with Rh-phosphine systems could be in principle
surprising. However, related to the stability of the new com-
plexes, the higher coordination ability of pyridine compared
to pyrazole could explain the reversible process observed for
the latter. Indeed, olefinic C-H bond of 1-vinylpyrazole is less
acidic than that of 2-vinylpyridine, due to the presence of a ni-
trogen atom directly attached to the alkene in the former, which
may increase the barrier for the cleavage step. The fact that is

possible to isolate hydrido-rhodium-alkenylpyridine species in
the presence of a small phosphine but not with a bulky NHC
may be attributed to the stability of the final complexes and
not to the barrier for C-H activation process, which seems to
be easy for 2-vinylpyridine, likely due to the directing group
effect of nitrogenated group. The putative hydrido-vinyl- rho-
dium(11T) complex formed for NHC systems could revert to Rh'
square-planar precursors but is stabilized by the formation of a
dinuclear Rh!-Rh"! species for phosphine derivatives that were
not suitable for a bulky ligand.



144  J. Mex. Chem. Soc. 2017, 61(2)

Conclusion

In summary, we have described the synthesis of new rhodi-
um-phosphine dinuclear complexes arising from the distinct
reactivity of 2-vinylpyridine and 1-vinylpyrazole. In the case of
2-vinylpyridine C-H activation of the alkene results in the for-
mation a Rh'-Rh'" mixed valence dinuclear complex with a
bridging hydrido ligand and a 2-(pyridin-2-yl)vinyl moiety as a
chelate ligand with one rhodium and as a bridge to the other
metal atom via a n*-olefin bond. Several anagostic Rh---HC
interactions and m-stacking between aromatic rings were found
in the solid state. The small size of the phosphine ligand allows
for the assembly of a dinuclear structure containing the c-ligand
resulting from the C-H cleavage. In contrast, 1-vinylpyrazole
does not undergo a C-H activation process, resulting in the for-
mation of dinuclear species with 1-vinylpyrazole as a bridge
via a nitrogen atom and a n*-olefin bond.

Experimental section

General Considerations. All reactions were carried out with rig-
orous exclusion of air using Schlenk-tube techniques. The re-
agents were purchased from commercial sources and were used
as received. Organic solvents were dried by standard proce-
dures and distilled under argon prior to use or obtained oxygen-
and water-free from a Solvent Purification System (Innovative
Technologies). The organometallic precursors [Rh(u-Cl)(n*-
coe),], (1) was prepared as previously described [11].Chemical
Shifts (expressed in parts per million) are referenced to residual
solvent peaks ('H, *C{'H}). Coupling constants, J, are given
in Hz. Spectral assignments were achieved by combination of
'H-'H COSY, *C{'H}-APT and 'H-'*C HSQC/HMBC NMR
experiments.

Preparation of Rh,Cl,(u-H)(u-n%k?-C,N-NCsH,-2-(Z) CH=CH)
(PPhMe,); (2). A solution of 1 (200 mg, 0.279 mmol) in 100 mL
of toluene was treated with dimethylphenylphosfine (120 pL,
0.837mmol) and 2-vinylpiridine (30 pL, 0.279 mmol) and
stirred for 1 h at room temperature. After filtration through
Celite the solvent was evaporated to dryness. Addition of hex-
ane caused precipitation of a red solid, which was washed with
hexane (3 x 4 mL) and dried in vacuo. Yield (150 mg, 73%). 'H
NMR (500 MHz, 4:1 C;D4:CD,Cl,, 298 K): 6 8.58 (dd, Jyp =
4.6, Jyy= 4.4, 1H, Hg ), 7.64, 7.53, and 7.12 (dd, Jyyp= 9.0,
Jug = 7.1, 6H, H_ p), 73 7.1 (m, 9H, Hyy), 6.87 (dd, Jyyy=

7.6, 7.1, 1H, Hy_,), 6.54 (ddd, Jyy 3= 4.8, Jyp= 4.6, 3.0, 1H,
Rh-CH=CH), 6.44 (dd, J,; y=7.1,4.4, IH, Hs ), 6.41 (d, Jy.y4
=7.6, 1H, Hy ), 3.00 (dddd, Jyy p= 11.2, Jyy y = 4.8, Jy g = 2.0,
2.0, 1H, Rh-CH=CH), 2.31, 1.90, 1.79, 1.51, 1.44, and 0.92 (all
d, Jyp=7.8, 18H, PMe,Ph), -11.40 (ddddd, Ji;», = 17, 20 and
Jip = 18, 50, 128, 1H, Rh(p-H). BC{'H} NMR-APT (125.6
MHz, 4:1 CcDg:CD,Cl,, 298 K): 6 171.0 (s, C,,y), 150.1 (s,
Ce.py)» 137.5, 137.2, and 136.8 (all d, Jop= 41, Cypp), 136.5
(8, Cypy)s 133.9 (m, Rh-CH=CH), 131.2, 130.6, and 129.7 (all
d, Jop=8.3, C,pp)s 129.2, 129.1, and 128.7 (all d, Jp= 2.6,
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Cppn)> 128.2, 128.1, and 127.8 (all s, C ), 118.4 (s, Cs ),
116.0 (s, Cy,y), 59.6 (ddd, Jo gy = 12.9, 3.0, Jop = 3.0, Rh-
CH=CH), 17.8 and 17.2 {both d, J-p = 39.2, Me-P(3)}, 14.3
and 14.0 {both d, J-p =30, Me-P(1)}, 12.5 and 12.4 {both d,
Jep=26.6,Me-P(2)}.3'P{'H} NMR (202 MHz, 4:4 C(D,:CD-
,Cly, 298 K): 6 11.11 {dddd, Jp_p =56, 3, Jpp,= 176, 10, P(3)},
10.34 {dddd, J, » =27, 3, Jpr, = 115, 3, P(1)}, -1.76 (dddd, Jp_p
=56,27, Jprn =111, 7, P(2)}.

In situ formation of Rh,Cl,(u-n*-N,C;H,-1-CH=CH,),
(PPhMe,), (3). A solution of 1 (20 mg, 0.028 mmol) in a mix-
ture of 0.4 mL of C¢Dg and 0.1 mL of CD,Cl, was treated with
dimethylphenylphosfine (8 pL, 0.056 mmol) and 1-vinylpyra-
zole (5 puL, 0.56 mmol). NMR spectra were recorded after 1 h

at room temperature. '"H NMR (500 MHz, 4:1 C¢D:CD,Cl,,
298 K): 6 7.63 (dd, Jyyp=8.1, Jyuy=7.6, 4H, H_ ), 6.89 (ddd,
Jup=8.8, Jyy=7.6,7.2,4H, H py), 6.79 (dt, Jyyu=7.2, Sy
=3.0,2H, H, p), 6.70 (d, Jyy = 1.9, 2H, H ), 5.99 (d, Jyu=
2.1, 2H, Hs,,), 5.15 (m, 2H, CH=CH,), 4.94 (dd, J;; y = 2.1,
1.9,2H, Hy ), 2.00 (d, Jyy;= 9.1, 2H, CH=CH,), 1.78 (m, 2H,
CH=CH,), 1.71 and 1.47 (both d, J;;p = 10.8, 12H, MeP).
BC{'H} NMR-APT (125.6 MHz, 4:1 C,D4:CD,Cl,, 298 K): §
1393 (s, C5.,), 134.8 (d, Jop=44.5,C_pp), 131.3 (d, Jp=8.7,

Copn)s 129.2.(s, C py), 128.5 (s, Cs ), 128.1 (d, Jp=3.0, C,
ph)s 104.5 (s, Cyp)), 63.5 (dd, Jo gy = 17.0, Jop= 2.5, CH=-
CH,), 36.0 (dd, Jog, = 17.9, Jop = 3.0, CH=CH,), 14.8 and
11.8 (both d, J. = 30.0, PMe). *'P{'H} NMR (202 MHz, 4:1
CDg:CD,Cl,, 298 K): 6 17.1 (d, Jgp,p = 150.3, PMe).

Solid state structure determinations. Intensities were collect-
ed using a Bruker APEX (2) or a Bruker SMART APEX-DUO
(3) diffractometer with graphite—-monochromated Mo Ko radia-
tion (A = 0.71073 A) following standard procedures. Intensities
were integrated and corrected for absorption effects using
the SAINT+ [12] and SADABS [13] programs, included in the
APEX2 package. The structure was solved by the Patterson’s
method. Refinement was carried out by full-matrix least—
square procedure (based on F,?) using anisotropic temperature
factors for all non-hydrogen atoms. Calculations were per-
formed with SHELX-97 [14] program implemented in the
WinGX package [15].

Crystal data and structure refinement for Rh,CL,(u-H)
(1% x%-C,N-NC;H,-2-(Z)CH=CH)(PPhMe,); (2). C;H,,
CLLNP;Rh,, M = 796.27 ¢ mol™!, T = 100(2) K, monoclinic,
P2,/c, a=20.1886(14) A, b =8.4474(6) A, c = 18.6894(13) A,
B =190.6460(10)°, V=3187.1(4) A®, Z=4,D_;.= 1.659 g cm>,
u = 1376 mm™, F(000) = 1608, red prism, 0.260 x 0.190 x
0.060 mm, 0 range for data collection: 2.018° to 28.658°, limit-
ing indices: —26<h<27, —11<k<11, —24<[/<24, reflections col-
lected/unique: 41884/7758 [R(int) = 0.0293], data/restraints/
parameters: 7758/0/512, GOF=1.040, R, = 0.0216 [I>20())],
0.0263 (all data), wR, = 0.0497 [I>25(/)], 0.0519 (all data),
largest diff. peak and hole: 0.759 and -0.331 e-A~>. CCDC de-
posit number 1504390.
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Crystal data and structure refinement for [Rh,Cl, (u-n?
N,C;H;-1-CH=CH,)(PPhMe,);], (3). C,,H;,CL,N,P,Rh,, M
=741.23, T=170(2) K, orthorhombic, P2,2,2,, a = 10.965(4)
A, b=12312(4) A, c=22.143(7) A, ¥'=2989.2(16) A3, Z=4,
Dy = 1.647 gem 3, p=1.412 mm™!, F(000) = 1488, red prism,
0.330x0.150 x 0.130 mm, 0 range for data collection: 1.839° to
29.547°, limiting indices: —15<h<15, —15<k<17, -30</<30, re-
flections collected/unique 62426/8056 [R(int) = 0.0374], data/
restraints/parameters: 8056/0/354, GOF=1.046, R, = 0.0223
[[>206(1)], 0.0248 (all data), wR, = 0.0492 [I>25(/)], 0.0500
(all data), absolute structure parameter: 0.48(2), largest diff.
peak and hole: 0.507 and —0.486 e-:A=3. CCDC deposit number
1504391.
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