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Abstract: A combination of four-electron donors, such as
alkynes, with strongly donating and strong-field scorpionate
ligands is appropriate to create pseudo-tetrahedral rhodium(l)
environments, as found in [Rh(PhBP3;)(HC=CPh)], which
promotes H-C bond activation and C-C coupling reactions
under very smooth conditions.

The coordination chemistry of d®-RhL, complexes is dominated
by their strong propensity to adopt square-planar geometries.
Nonetheless, some rare sawhorse (SH)™ environments have also
been reported, while the amazing compound
[Rh(trop,SiMe)(C,H,)] remains the sole example for the related
trigonal pyramid (TP) geometry.[? In fact, SH and TP structures
can be envisaged as derived formally from a trigonal bipyramid
(TBPY) geometry lacking either one equatorial or one axial ligand,
respectively. Noticeably, some of them have raised a very rich
non-conventional chemistry,[®*! including dinuclear C-H bond
activation reactions,” and unusual electromeric rhodium radical
complexes.”™ The above mentioned examples provide invaluable
information on the parameters that control the electronic structure
from a particular geometry and viceversa.> Some of these
parameters are the ligand topology and bonding effects, such as
strong m-donation, as verified by the unique square-planar (SP)
iridium(11) and iridium(l11) complexes based on pincer ligands,®
or by the pseudo-tetrahedral metal environments created by the
high-field scorpionate ligands [PhB(CH,PR,)3].["! They strongly
bind rhodium(1),!®! avoiding dissociation of one arm, which is
generally  observed for ligands such as the
tris(pyrazolyl)borates,t®! and their fac-coordination make them
ideal candidates to free rhodium from its natural trend to square-
planarity. Pertinent to the present work is the seminal report from
Bianchini,'*®] which described the cationic triphos complexes
[Rh(MeC(CH,PPh,)3)(RC=CR)|BPh, to be in a fast equilibrium
between trigonal-bipyramidal and square-pyramidal geometries
on the basis of spectroscopic studies. In this context, a rare
iridium complex [Ir(PMe,Ph);(MeC=CMe)]BF, was reported to
be between tetrahedral and square-pyramidal in the solid state.'”
Therefore, truly tetrahedral or pseudo-tetrahedral geometries are
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unknown in rhodium(l) chemistry so far,*? and they are restricted
to rhodium(=1) and rhodium(0) oxidation states.[**] Herein we
report the synthesis, full characterization, preliminary reactivity
studies, and electronic structure of d®-RhL, complexes with a
unique pseudo-tetrahedral geometry, which gives an insight into
this very unusual coordination environment for mononuclear d®-
metal complexes of the second and third row.

Addition of phenylacetylene to a toluene solution of
[Rh(PhBP3)(C,H4)(NCMe)] (1, PhBP; = [PhB(CH,PPh,)]),®
produced an immediate replacement of the ethylene and
acetonitrile ligands to give [Rh(PhBP3)(HC=CPh)] (2), which was
isolated as dark-red monocrystals in excellent yield. In the
structure of 2 (Figure 1), the rhodium atom was found to be in
a pseudo-tetrahedral geometry bonded to the three phosphorus
atoms of PhBPzand to the C=C bond of phenylacetylene in an 1’
fashion. Two Rh—P bond distances are longer than the third one
(2.285 A in average), while the Rh—C bond distances (2.029 A in
average) are quite short, suggesting that the acetylene is a four-
electron donor in 2.1

Figure 1. Structure (ORTEP at 50% level) of the comple)_( [Rh(PhBP3)(HC=CPh)]
(2). (hydrogen atoms gave been omitted and only the C'*° atoms of the phenyl
groups from PhBP; are shown for clarity).

The topology of the tripodal ligand imposes P-Rh—P angles
close to 90° and the three P—Rh—Ct angles (Ct is the middle point
of the C=C bond) were found to be almost identical (126°).
Accordingly, Ct was found to be placed on the axis defined by the
boron and rhodium atoms (axis(B,Rh)-Ct 179.8(2)°) (mol-1). A
second independent molecule (mol-2) found in the crystal was
slightly distorted in such a way that Ct is somewhat shifted from
the B,Rh-axis (axis(B,Rh)-Ct, 177.0(2)°). This off-axis distortion
makes the P1-Rh-Ct angle smaller (123.8(2)°) than the other two
P—Rh-Ct angles. Nonetheless, an average symmetric species is
observed by spectroscopic methods, which indicates the
difference in energy between mol-1 and mol-2 to be quite small.



The way in which the alkyne binds rhodium was firstly
examined by using a fragment MO analysis of the 14-e model
[Rh{MeB(CH,PMe,);}] and bent-HC=CPh as found in the crystal
structure of 2. Figure 2 (left) shows the orbital splitting of the
metallic fragment analyzed as an open-shell species, which
becomes optimized for C3 symmetry. This triplet state was found
to be slightly more stable (in 3.22 kcal mol™) than the singlet
state, but this difference can be meaningless because of the
tendency of the B3LYP functional to stabilize high spin
species.[*®! The metallic fragment calculated as a closed-shell
species also possesses five d-based MOs (Figure 2, center) and a
low energy hybrid sp orbital (2a;) that results from
pyramidalization of rhodium imposed by the fac-P; ligand. It
should be noted that the spin pairing produces two effects: a) a
distortion of the framework that results in distinct Rh—P bond
distances and P—-Rh—P angles,*”? and reduces the symmetry from
C; (triplet) to C; (singlet); b) a drastic energy difference (2.37 eV)
between the HOMO (2e,) and LUMO (2e,) that stabilizes the
singlet state.

The two empty frontier orbitals (2a;, and 2e, of parentage dy;)
in the singlet state match those of the filled m and m, orbitals of
the bent-C=C bond. They form thus two bonding MOs, namely ¢
and =t (Figure 2, right), which are filled with four electrons given
by the alkyne, stabilizing a pseudo-tetrahedral geometry for an
18-e complex. A further match of the filled 2e, orbital with the
empty m* orbital of the C=C bond corresponds to a m-back
donation.
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Figure 2. MOs for the model [Rh{MeB(CH,PMe,);}] in the triplet state (left; only
one MO of the le and 2e sets is shown) and in the singlet sate (middle). MO
correlation diagram of the singlet state and bent-HC=CPh (right).

The DFT computed optimized geometry of the model
complex [Rh{MeB(CH,PMe,);}(HC=CPh)] (2a) as a close-shell
species (Figure 3, left) reproduces quite well the experimental
data found for 2, although it is slightly more distorted than mol-2
(calcd. axis(B,Rh)-Ct, 172.84°, P1-Rh-Ct, 119.59° see
Supporting Information). The off-axis distortion optimizes the
overlap of the filled 2e, and empty m;* orbitals (m back-donation),
but on the light of the calculated and measured geometric data it is
over weighed by the B3LYP functional. The representations and
composition of the MOs of the model complex indicate such a
strong mixing that direct comparison with the OMs of the
fragment is difficult. Nonetheless, a clear example of MOs of
each type is depicted in Figure 3. The HOMO-9 (of composition
33% Rh, 33% alkyne) corresponds to the c-bond from the 2a; and
m; OMs, while the LUMO (39% Rh, 29% alkyne) corresponds to

the n* orbital derived from the interaction of 2e; with «;. The
antibonding character of the Rh—P1 bond in the LUMO and those
of the Rh—P2 and Rh-P3 bonds in the HOMO account for the
relatively shorter Rh—P1 bond distance found in the crystal
structure of 2. The LUMO+3 (40% Rh, 21% alkyne, m*p,e)
corresponds to the antibonding MO from 2e, and m;*. Basically,
the geometric irregularity found for the metallic fragment in the
singlet state is retained in the complex and the HOMO-LUMO
splitting in 2a (3.49 eV) is even bhigger. Moreover, NBO analysis
of 2a gives a bond order of 1.99 for the C46-C47 bond, which is
compatible with a strong donation from alkyne to rhodium, and an
almost zero natural charge (—0.059) was calculated for the metal.
Consequently, complex 2 is quite well represented as a Rh(I)
complex with the alkyne n’~coordinated to the metal through a
double (o and ) bond.
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Figure 3. DFT geometry of the model [Rh(MeBP3;)(HC=CPh)] (2a) (left), and
representation of selected orbitals of 2a (right).

For comparative purposes the optimized geometry for 2a was
calculated for the triplet state. It was found to be higher in energy
than the singlet one (by 24.8 kcal/mol). Although still pseudo-
tetrahedral, the coordination geometry and the disposition of the
alkyne are quite different from those determined by X-ray
diffraction. In particular, the alkyne is rotated and bound to the
metal by one single carbon, since one of the Rh—C distances,
2.344 A, is clearly nonbonding (see Supporting Information). In
consequence, the pseudo-tetrahedral geometry of the alkyne
complex is a result of the d-orbital splitting of the RhP; fragment
as a closed-shell species generated by a strong-field ligand that
leaves two empty metal orbitals able to accept four electrons from
the alkyne.

A survey on the literature revealed that nZalkyne
coordination to rhodium is dominated by a two-electron donicity
stabilizing both, trigonal bipyramid (TBPY) and square-planar
(SP) complexes. From the few examples crystallographically
characterized, electronically saturated TBPY complexes are
derived from 16-ev metal fragments such as ‘RhCI(PMes)y’,[*®]
‘RhCp’P'Pr; ¥ or ‘RhTp(L)’,?! while T-shaped 14-ev fragments
such as ‘Rh(X)(P'Pry),” (X = Cl, DY and ‘Rh(acac)(olefin)’1??
bind alkynes to vyield 16-ev SP-compounds. Functionalized
alkynes like thioether-alkynylborates,’?®! and P(C=C)P pincer type
ligands! #* 1 also bind rhodium as two-electron donors.
Consequently, complex 2 represents the first authenticate rhodium
complex with the alkyne donating more than two electrons, which
in turn, results in the unusual coordination environment for
rhodium.

Complex 2 maintains in solution the symmetric structure
found in the solid state. The signals in the *H and *C{*H} NMR
spectra coming from the HC= proton and the C=C carbons are
largely low-field shifted (6 = 10.04, and & = 164.9, 151.8 ppm,
respectively), as found typically for alkynes behaving as four-



electron donors (Figures $5-S6).'°1 The three phosphorus nuclei
from the PhBP; ligand remain equivalent even at —70 °C. This
fluxional behavior has to be attributed to a free rotation of the
alkyne around the Rh—Ct axis. Indeed, calculation of this motion
in the 0-120° range in 10° steps leads to a very low activation
barrier of 0.9 kcal mol™ (Figure 4). This low-energy barrier is
associated to an almost continuous overlap of the orbitals
involved in the metal-alkyne bond all along the move, avoiding
thus a bond cleavage. The easy rotation of the alkyne corroborates
our above description of the complex and excludes an expectedly
more rigid metallacyclopropene-Rh(lI11) resonant structure.[®!
Most probably, the original complexes reported by Bianchini,*"!
having similar spectroscopic data, are better described as pseudo-
tetrahedral, as found for 2, and undergoing a fast rotation around
the Rh—Ct axis.
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Figure 4. *'P{*H} NMR spectrum of complex [Rh(PhBP3)(PhC=CH)] (2) in CD,Cl,
at —80 °C (right). Total energy ( in hartree) versus scan coordinate for the rotation of
the alkyne around the Rh-Ct axis in the model [Rh{MeB(CH,PMe,)3;}(HC=CPh)]
(2a) (left).

The deep colour of 2 is mainly due to spin allowed transitions
to the LUMO, which result in bands in the Vis-UV spectrum ca.
530 and 380 nm (Figures S12-S13) according to TD-DFT
calculations. Complex 2 was found to be a reactive complex
despite of being electronically saturated (18-ve), a fact that could
be related to the low-lying LUMO (rn*, Figure 3 right), which is
pointing toward a possible vacant site. Thus, complex 2 easily
reacts with hydrogen under atmospheric pressure to give
[{Rh(PhBP3)(H)(1-H)},]® and ethylbenzene (quantitative by
NMR). Moreover, addition of a two-electron donor such as PMe;
triggers a C—H activation reaction to give the alkynylhydrido
rhodium(l11) complex [Rh(PhBP3)(C=CPh)(H)PMe;] (3, Scheme
1), which was isolated as an off-white solid.
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Scheme 1. Synthesis of complexes 3 and 4.

Relevant signals correspond to the hydride ligand (6 = -8.74
ppm, dddt) and to the acetylide carbons (6 = 111.5 (=CPh), 109.5
(RhC=) ppm) in the 'H and H,*C-hmbc NMR spectra,
respectively. The expected ABCMX spin system (M = PMe3, X =
193Rh) is clearly observable in the **P{*H} NMR spectrum of 3

(Figures S7-S9). Although no intermediates were detected, even
monitoring the reaction at —70 °C in dg-toluene, it is reasonable to
suppose that the reaction stars with coordination of PMe; to 2 to
give the TBPY-Rh(l) complex [Rh(PhBP3)(HC=CPh)(PMe,)],
which is followed by the oxidative-addition of the C—H bond.[?%!

Addition of a second mol of HC=CPh to 2 allows a further
reaction, in which most probably the acetylene becomes initially
coordinated, as observed for PMes; the product was found to be
the dark-red complex [Rh(PhBP3;)(PhC=C-CH=CHPh)] (4),
which contains trans-1,4-phenyl-but-3-ene-1-yne (the
phenylacetylene dimerization product) bound to rhodium through
the C=C bond (Scheme 1). A full spectroscopic study as well as
DFT calculations on the model compound [Rh(MeBP3)(PhC=C—
CH=CHPh)] (4a) agree with the n%alkyne-rhodium(l)
formulation depicted in Scheme 1 (see Figures S3, S10-S11 and
Table S1). Hence, complex 4 represents a second example of a
Rh(1) complex in a pseudo-tetrahedral environment.

Assuming complex A (similar to 3) to be the first intermediate
in the synthesis of 4, the reaction would proceed through insertion
of the alkyne into the Rh—H bond to give an alkynyl(vinyl)Rh
species followed by a reductive elimination step to the enyne.
Such type of C-C coupling between alkynyl and vinyl moieties
promoted by rhodium has been previously observed.[?”! In
addition, the alkyne exchange reaction:

4a + HC=CPh — 2a + PhC=C-CH=CHPAh,

which would close a plausible catalytic cycle for the dimerization
of phenylacetylene, is exoergic with an estimated value of AG® =
-3.13 kcal mol'. Indeed, preliminary essays indicated the
reaction to be catalytic. Thus, the enyne was quantitatively
obtained in 4h by warming phenylacetylene at 80 °C in the
presence of complex 1 as catalyst (in 5% molar ratio). No
additives were required, and 4 was the sole rhodium complex
observed at the end of the catalysis. Moreover, the reaction was
found to be regioselective to the trans-enyne (82 %),?® and the
catalytic activity for the non-optimized process is comparable (or
even better) to that of related rhodium catalysts. 2129

In conclusion, we have verified that 18-electron rhodium(l)
complexes in pseudo-tetrahedral environments are accessible and
isolable compounds. Moreover, our results indicate that
combination of a strongly donating tripod ligand with a four-
electron donor in the coordination sphere seems to play a decisive
role in the stabilization of this unknown geometry for rhodium(l).
A deeper investigation on the generality of this idea is currently
underway.

Acknowledgements

The generous financial support from MICINN/FEDER (Project CTQ2011-22516),
Gobierno de Aragon/FSE (GA/FSE, Inorganic Molecular Architecture Group, E70),
and GA-La Caixa (Project 2012/GA LC 057) are gratefully acknowledged. A. M.
Geer thanks GA for a PhD fellowship and A. Julian thanks GA-LC for a P.I. contract.

Keywords: rhodium ¢ pseudo-tetrahedral °
trisphosphaneborate  alkynes « stereochemistry

[1] See for example: a) H. Urtel, C. Meier, F. Rominger, P. Hofmann,
Organometallics 2010, 29, 5496-5503; b) J. H. Rivers, R. A. Jones, Chem.

3



[2

31

[41

5]

(6]

[71
(8l

[°]

[10]

[11]

[12]

[13]

Commun. 2010, 46, 4300-4302; c) E. Molinos, S. K. Brayshaw, G. Kociok-
Kohn, A. S. Weller, Dalton Trans. 2007, 4829-4844; d) P. Maire, A.
Sreekanth, T. Bdttner, J. Harmer, I. Gromov, H. Riegger , F. Breher, A.
Schweiger, H. Gritzmacher, Angew. Chem. 2006, 118, 6477-6481; Angew.
Chem. Int. Ed. 2006, 45, 3265—3269; €) P. Maire, T. Bittner, F. Breher, P.
Le Floch, H. Gritzmacher, Angew. Chem. 2005, 117, 6477-6481; Angew.
Chem. Int. Ed. 2005, 44, 6318-6323; f) Y. Nishihara, K. Nara, Y. Nishide, K.
Osakada, Dalton Trans. 2004, 1366-1375; g) V. Di Noto, G. Valle, B. Zarli,
B. Longato, G. Pilloni, B. Corain, Inorg. Chim. Acta 1995, 233, 165-172; h)
D. A. Hoic, W. M. Davis, G. C. Fu, J. Am. Chem. Soc. 1996, 118, 8176—
8177; i) D. L. Thorn, R. L. Harlow, Inorg. Chem. 1990, 29, 2017-2019; j) M.
J. Menu, G. Crocco, M. Dartiguenave, Y. Dartiguenave, G. Bertrand,
Organometallics 1988, 7, 2231-2233; k) J. A. Kaduk, J. A. lbers, Inorg.
Chem. 1975, 14, 3070-3073.

D. Ostendorf, C. Landis, H. Griitzmacher, Angew. Chem. 2006, 118, 5293-
5297; Angew. Chem. Int. Ed. 2006, 45, 5169-5173.

a) S. Annen, T. Zweifel, F. Ricatto, H. Griitzmacher, ChemCatChem 2010, 2,
1286-1295; b) T. Zweifel, D. Scheschkewitz, T. Ott, M. Vogt, H.
Gritzmacher, Eur. J. Inorg. Chem. 2009, 5561-5576; c) T. Zweifel, J.-V.
Naubron, T. Bittner, T. Ott, H. Griitzmacher, Angew. Chem. 2008, 120,
3289-3293; Angew. Chem. Int. Ed. 2008, 47, 3245-3249.

F. F. Puschmann, H. Griitzmacher, B. de Bruin, J. Am. Chem. Soc. 2010, 132,
73-75.

F. F. Puschmann, J. Harmer, D. Stein, H. Riegger, B. de Bruin, H.
Gritzmacher, Angew. Chem. 2010, 122, 395-399; Angew. Chem. Int. Ed.
2010, 49, 385-389.

J. Meiners, M. G. Scheibel, M.-H. Lemeé-Cailleau, S. A. Mason, M. B.
Boeddinghaus, T. F. Féssler, E. Herdtweck, M. M. Khusniyarov, S.
Schneider, Angew. Chem. 2011, 123, 8334-8337; Angew. Chem. Int. Ed.
2011, 50, 8184-8187.

C. T. Saouma, J. C. Peters, Coord. Chem. Rev. 2011, 255, 920-937.

a) C. Tejel, A. M. Geer, S. Jiménez, J. A. Loépez, M. A. Ciriano,
Organometallics, 2012, 31, 2895-2906; b) C. Tejel, M. A. Ciriano, V.
Passarelli, Chem. Eur. J. 2011, 17, 91-95; c) S. Jiménez, J. A. Lopez, M. A.
Ciriano, C. Tejel, A. Martinez, R. A. Sanchez-Delgado, Organometallics
2009, 28, 3193-3202; d) C. Tejel, M. A. Ciriano, S. Jiménez, V. Passarelli, J.
A. L6pez, Angew. Chem. 2008, 120, 2123-2126; Angew. Chem. Int. Ed. 2008,
47, 2093-2096; €) L. Turculet, J. D. Feldman, T. D. Tilley, Organometallics
2004, 23, 2488-2502.

a) S. Trofimenko, in Scorpionates — The Coordination Chemistry of
Polypyrazolylborate Ligands, Imperial College Press: London, 1999; b) C.
Slugov, 1. Padilla-Martinez, S. Sirol, E. Carmona, Coord. Chem. Rev. 2001,
213, 129-157.

a) C. Bianchini, A. Meli, M. Peruzzini, F. Vizza, P. Frediani, J. A. Ramirez,
Organometallics 1990, 9, 226-240; b) C Bianchini, A. Meli, M. Peruzzini, A.
Vacca, F. Vizza, Organometallics 1991, 10, 645-651.

a) C. Bianchini, K. G. Caulton, C. Chardon, M.-L. Doublet, O. Eisenstein, J.
S. A. Jackson, T. J. Johnson, A. Meli, M. Peruzzini, W. E. Streib, A. Vacca,
F. Vizza, Organometallics 1994, 13, 2010-2023; b) G. Marinelli, I. E.-I.
Rachidi, W. E. Streib, O. Eisenstein, K. G. Caulton, J. Am. Chem. Soc. 1989,
111, 2346-2347.

A search in CCDB revealed some dinuclear complexes with at least one
Rh(l) in an almost tetrahedral geometry, but they show, in addition, some
type of metal-metal bond. Tetrahedral mononuclear complexes were not
found. See for example: a) U. Herber, B. Weberndorfer, H. Werner, Angew.
Chem. 1999, 111, 1707-1710; Angew. Chem. Int. Ed. 1999, 38, 1609-1613;
b) P. Schwab, N. Mahr, J. Wolf, H. Werner, Angew. Chem. 1994, 106, 82—
84; Angew. Chem. Int. Ed. 1994, 33, 97-99; c) R. A. Jones, T. C. Wright, J. L.
Atwood, W. E. Hunter, Organometallics 1983, 2, 470-472.

See for example: a) C. Tejel, L. Asensio, M. P. del Rio, B. de Bruin, J. A.
Lépez, M. A. Ciriano, Eur. J. Inorg. Chem. 2012, 512-519; b) C. Tejel, M. P.
del Rio, L. Asensio, F. J. van den Bruele, M. A. Ciriano, N. Tsichlis i Spithas,
D. G. H. Hetterscheid, B. de Bruin, Inorg. Chem. 2011, 50, 7524-7534; c) M.
R. Grochowski, J. Morris, W. W. Brennessel, W. D. Jones, Organometallics
2011, 30, 5604-5610; d) C. Tejel, M. A. Ciriano, M. P. del Rio, F. J. van den
Bruele, D. G. H. Hetterscheid, N. Tsichlis i Spithas, B. de Bruin, J. Am.
Chem. Soc. 2008, 130, 5844-5845; e) C. Laporte, F. Breher, J. Geier, J.
Harmer, A. Schweiger, H. Gritzmacher, Angew. Chem. 2004, 116, 2621
2624; Angew. Chem. Int. Ed. 2004, 43, 2567-2570; f) B. Longato, R. Coppo,
G. Pilloni, C. Corvaja, A. Toffoletti, G. Bandoli, J. Organomet. Chem. 2001,
637-639, 710-718; g) H. Schonberg, S. Boulmaadz, M. Worle, L. Liesum, A.
Schweiger, H. Grutzmacher, Angew. Chem. 1998, 110, 1492-1494; Angew.

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]
[24]

[29]

[26]

[27]

[28]

[29]

Chem. Int. Ed. 1998, 37, 1423-1426; h) K. G. Moloy, J. L. Petersen, J. Am.
Chem. Soc. 1995, 117, 7696-7710; i) A. S. C. Chan, H.-S. Shieh, J. R. Hill, J.
Organomet. Chem. 1985, 279, 171-179; j) G. Pilloni, G. Zotti, M. Martelli,
Inorg. Chim. Acta 1975, 13, 213-218.

CCDC 947965 (2) contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

a) H. Nuss, N. Claiser, S. Pillet, N. Lugan, E. Despagnet-Ayoub, M. Etienne,
C. Lecomte, Dalton Trans. 2012, 41, 6598-6601; b) J. J. Carbo, P. Crochet,
M. A. Esteruelas, Y. Jean, A. Lledés, A. M. Lopez, E. Ofate,
Organometallics 2002, 21, 305-314; c) J. L. Templeton, Adv. Organomet.
Chem. 1989, 29, 1-100; d) B. C. Ward, J. L. Templeton, J. Am. Chem. Soc.
1980, 102, 1532-1538.

B. Askevold, M. M. Khusniyarov, E. Herdtweck, Karsten Meyer, S.
Schneider, Angew. Chem. 2010, 122, 7728-7731; Angew. Chem. Int. Ed.
2010, 49, 7566-7569 and references therein.

Selected bond distances (A) and angles (°) for the fragment
[Rh{MeB(CH,PMe,)3}] in the singlet state (triplet state in brackets): Rh—P1,
2.210 [2.352]; Rh-P2, 2.317 [2.354];Rh-P3, 2.324 [2.352]; P1-Rh-P2,
90.06 [94.74]; P1-Rh-P3, 91.58 [94.86]; P2-Rh—P3, 111.4 [94.78].

R. M. Ward, A. S. Batsanov, J. A. K. Howard, T. B. Marder, Inorg. Chim.
Acta 2006, 359, 3671-3676.

B. Stempfle, O. Gevert, H. Werner, J. Organomet. Chem. 2003, 681, 70-81.

a) C. J. Adams, N. G. Connelly, D. J. H. Emslie, O. D. Hayward, T. Manson,
A. G. Orpen, P. H. Rieger, Dalton Trans. 2003, 2835-2845; b) A. F. Hill, A.
J. P. White, D. J. Williams, J. D. E. T. Wilton-Ely, Organometallics 1998, 17,
3152-3154.

a) H. Werner, O. Gevert, P. Haquette, Organometallics 1997, 16, 803-806;
b) H. Werner, M. Schéfer, J. Wolf, K. Peters, H. G. von Schnering, Angew.
Chem. 1995, 107, 213-215; Angew. Chem. Int. Ed. Engl. 1995, 34, 191-194;
c) T. Rappert, O. Nurnberg, H. Werner, Organometallics 1993, 12, 1359—
1364.

J. H. Barlow, M. G. Curl, D. R. Russell, G. R. Clark, J. Organomet. Chem.
1982, 235, 231-241.

F. Dahcheh, D. W. Stephan, Organometallics 2012, 31, 3222-3227.

K. Okamoto, Y. Omoto, H. Sano, K. Ohe, Dalton Trans. 2012, 41, 10926—
10929.

We have isolated other complexes of general formula [Rh(PhBP3)(alkyne)]
with terminal and internal alkynes. They show spectroscopic NMR data
similar to 2 and an easy rotation of the alkyne, and hence they possess
identical geometry.

Oxidative-addition of the H-C= bond of terminal alkynes to rhodium has
been reported for SP and TBPY configurations. See for example: a) H.
Werner, M. Baum, D. Schneider, B. Windmdiller, Organometallics 1994, 13,
1089-1097; b) C. Bianchini, A. Meli, M. Peruzzini, F. Vizza, P. Frediani,
Organometallics 1990, 9, 1146-1155.

a) M. Schafer, J. Wolf, H. Werner, Organometallics 2004, 23, 5713-5728; b)
M. Schéfer, N. Mahr, J. Wolf, H. Werner, Angew. Chem. 1993, 105, 1377—
1379; Angew. Chem. Int. Ed. 1993, 32, 1315-1318.

The remaining 18% was found to be the gem-enyne. No cis isomer was found
in the products, which supports a syn addition of hydride and alkynyl across
the triple bond.

a) W. Weng, C. Guo, R. Celenligil-Cetin, B. M. Foxman, O. V. Ozerov,
Chem. Commun. 2006, 197-199; b) W. T. Boese, A. S. Goldman,
Organometallics 1991, 10, 782-786; c) J. Ohshita, K. Furumori, A.
Matsuguchi, M. Ishikawa, J. Org. Chem. 1990, 55, 3277-3280.



Catch Phrase

Ana M. Geer, Alejandro Julian,
José A. Lopez, Miguel A. Ciriano,
and Cristina Tejel™...............
Page — Page

Pseudo-Tetrahedral Rhodium(l)
Complexes
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Combination of four electron n-
donors, such as alkynes, with strongly
donating scorpionate ligands in the
coordination sphere is appropriate to
create pseudo-tetrahedral rhodium(l)
environments. Such type of geometry
was unknown in rhodium(l)
chemistry The complex shown in the
Figure promotes H-C bond activation
and C-C coupling reactions under
very smooth conditions. Code color:
Rh (yellow), P (purple), C (grey), B
(orange).



