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Mild Thermal Activation of Benzene C-H Bonds by Alkene Displacement from a

Rhodium Complex
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Complexes [Rh(HBPz*3)(CO}n2-alkene)] (Pz* = 3,5-dimethylpyrazol-1-yl) lose alkene at 70—100°C in benzene
solution forming [Rh(HBPz*3)(H){(Ph)(CO)] in high yield; the equilibrium constant for the reaction with

alkene = cyclo-octene is 0.016 at 100°C.

We reported recently! the highly efficient photochemical
activation of carbon-hydrogen bonds by dicarbonyltris(3,5-
dimethylpyrazol-1-yl)boratorhodium(1), [Rh(HBPz*3)-
(CO),], (1) (Pz* = 3,5-Me,HC;N,). Photochemistry has often
been used to eject ligands from appropriate metal complexes,
thereby generating high energy unsaturated intermediates
such as [W(n-CsHs),),? [Ir(n-CsMes)(PMe3)],* [Ir(n-CsRs)-
(CO)] (R = Me, H),* or [Fe(dmpe),] (dmpe = 1,2-bis-
dimethylphosphinoethane),5 which will activate C-H bonds.
However, these interesting and important reactions shed little
light on the overall energetics of the activation. Moreover,
from the standpoint of very large scale industrial processes,
photochemical reactions are not appealing.

We therefore examined thermal reactions of the tri-
spyrazolylborate complex (1). In a closed, foil-wrapped tube,
(1) activates benzene solvent forming [Rh(HBPz*;)(H)-
(Ph)(CO)] (2).! A reasonable rate is achieved only at 140°C,
at which temperature the reaction is complicated by formation
of other products, including two binuclear hydrides whose
structures have not yet been defined. We accordingly sought a
more labile ligand to permit reaction at lower temperatures.

Derivatives of (1) in which one carbonyl group has been
replaced by an alkene met this requirement, and the new
complexes [Rh(HBPz*;)(CO)(n?-alkene)] (3a, alkene =
C,Hj; 3b, alkene = CH,CHMe; 3¢, alkene = cyclo-octene)
activated benzene cleanly in yields of ca. 90% or more in the
70—100°C range as shown in Scheme 1.1

Mixed alkene-carbonyl complexes (3) have not been
reported. We have prepared them by reaction of KHBPz*;¢
with [Rh(u-Cl)(CO)(n2-alkene)],” in the case of (3a) or (3¢), or
for (3b) by photolysis of a propene-purged cyclohexane solution
of (1). They are stable, pale yellow crystalline solids which have
been fully characterized by analysis (C, H, N) and spectro-
scopy. Comparison with the corresponding bisdimethyl-
pyrazolylborate complexes shows that they are four-co-ordi-
nate in solution; thus, [Rh(H;BPz*,)(CO)(n2-C,H,)] has vco
(n-hexane) 2012 cm~!, only 1 cm—! different from that of (3a).

Some years ago, [Rh(n-CsHs)(n2-C,H,),] was observed to
catalyse deuterium exchange between ethylene and C¢Dg
solvent at 130°C;® a mechanism involving ethylene loss and
solvent activation was proposed. However, activation of an
aromatic C-H bond by thermal loss of an electron-pair donor
ligand is not a common process, and it usually does not
proceed to a measurable extent unless driven by some other
energetically favourable step.910 A recent exception is the
activation of benzene by [Ir(n-CsMes)(CO)(m2-NCCeH,-p-
Cl)] {5 weeks, 50°C, 90% yield of [Ir(n-CsMes)(CO)-
(H)(Ph)]}.11

1 Reactions were carried out in sealed, foil-wrapped n.m.r. tubes orin
closed, foil-wrapped Schlenk vessels of total volume ca. 45 ml. For
(3a) (13.2 mM in benzene, 105 °C, 5 days) the yield of (2) by n.m.r. was
89%; (3b) (29.8 mmM, 75°C, 45 h) 94%; (3¢) (20 mm, 102°C, 15h) 95%.

1 Selected spectroscopic data: i.r. (n-hexane): (3a), 2013 cm~—!; (3b),
2007 cm~—1; (3¢), 2001 cm—1,

The uniqueness of the latter reaction and of those reported
here is that benzene oxidative addition alone is enough to
drive them to a measurable extent. There is no intervention of
other reagents or formation of other products. The energies of
M-H and M-Ph bonds formed must to a first approximation
compensate for the M~L' and Ph-H bonds lost in equation
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For first row transition metals, M-H and M-C bond
strengths have been estimated at 250 and 125 kJ, respec-
tively.12 In [Ir(n-CsMes)(CO)(H)(Ph)], D(Ir-H) and D(Ir-
Ph) have been reported as 310 and 337 kI respectively.!3
Given D(H-Ph) = 460 kJ, we were initially surprised that
Scheme 1 proceeded with such high yields and thought it
important to verify that an equilibrium was actually involved.
The system involving (3c¢), cyclo-octene (COE), and benzene
was well suited for this. We have measured the equilibrium
constant as 0.016 at 100°C, approaching it from both
directions.§ Although not large, it corresponds to a calculated
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§ Starting with (3¢) (6.9 mm), benzene (11.0 M) and COE (0.195 m) the
ratio [2]/[3c] was 0.91 after 3 h, from which K., = 0.016. Starting with
(2) (6.4 mm), benzene (11.0 M) and COE (0.195 m), the ratio was 0.86,
from which K., = 0.015. Ratios were determined from i.r. intensities
using extinction coefficients. Beyond 3 h at 100°C there was a slow
irreversible drop in the intensities of v for both (2) and (3c).
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91% conversion of (3¢) at an initial concentration of 20 mM in
pure benzene (11.25 ™).

We have also measured the activation enthalpy for reaction
of (3c¢) in Scheme 1 as 148 kJ, which sets an upper limit for
D(Rh-COE). Assuming that AS° = 0, we have AH®° = AG®373
= 13 kJ, enabling a crude upper limit of 595 kJ to be placed on
[D(Rh-H) + D(Rh-C¢Hs)]. This limit may be substantially
too high, since Scheme 1 provides a clear example of extensive
molecular reorganization complicating an analysis of energet-
ics. In particular, a third pyrazole-rhodium linkage is formed
in the reaction, and the larger its contribution, the further
D(Rh-H) + D(Rh-Ph) will fall below the stated upper limit.

After 8 days at 75 °C, (3b) in pure cyclohexane is converted
to one of the binuclear hydrides mentioned above and
cyclohexene is formed. This suggests solvent activation,
although the primary product [Rh(HBPz*;)(H)(CsH;;)(CO)]
would not survive this temperature.! We are attempting, by
the use of more labile ligands, to lower reaction temperatures
to the point where the primary products of alkane activation
can be identified.
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