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Ligand-Controlled Chemoselectivity in the
Classical Oxidative Addition Reactions of Mel
and Aldehydes to Rhodium(@® Complexes**

Roman Goikhman and David Milstein*

Rhodium(1) phosphane complexes are widely used in indus-
trial and laboratory processes owing to their catalytic properties
and high reactivities, particularly in oxidative addition reac-
tions.'2l We report here a remarkable difference in the reactivity
of similar alkylphosphanerhodium(i) complexes bearing triflate
and chloride ligands in classical oxidative addition reactions of
aldehydes and Mel. High chemoselectivity in oxidative addition
can be achieved by the choice of complex.

[(iPr;P),RhOTf] (1) (OTf = OSO,CF;, triflate) was synthe-
sized by a simple procedure involving chloride abstraction
from [{({Pr;P),RhCl},] (2)P with Me;SiOTf, according to our
reported method;P! an alternative synthesis has also been
described.l! Complex 1 was characterized by X-ray structure
analysis, which confirmed that the geometry around the metal
is square planar, and that an #>-bound triflate ligand is present
(Figure 1).51 The structure is similar to that of another
rhodium #?-triflate complex. Surprisingly, #* coordination
of the triflate ligand in mononuclear late transition metal
complexes was not reported until 1998, and the reactivity of
these uncommon complexes has yet to be examined.™

Figure 1. Structure of 1 (ORTEP plot; hydrogen atoms are omitted for
clarity). Selected bond lengths [A] and angles [°]: Rh1-O3 2.283(2), Rhi-
02 2.265(3), Rh1-P3 2.2099(11), Rh1-P2 2.2143(11); P3-Rh1-P2 105.41(4),
P3-Rh1-02 95.78(7), P2-Rh1-O2 158.82(7), P2-Rh1-O3 95.38(7), P3-Rhl-
03 158.96(7), O2-Rh1-0O3 63.48(9).
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We studied the oxidative addition reactions of 1 to probe
the influence of the #*-bound triflate ligand on the reactivity
of Rh! compared to common chloro complexes such as 2 and
[(Et;P);RhCI] (3)." The oxidative addition of aldehydes to
rhodium(f) is an important reaction which plays a key role in
catalytic processes such as the decarbonylation of aldehydes
and hydroacylation of olefins.'d However, examples of
acylrhodium - hydride complexes resulting from the addition
of simple aldehydes to Rh' centers are rare,’®'!! particularly
because of the tendency of these complexes to undergo
decarbonylation.[']

The oxidative addition of acetaldehyde to 1 results in the
quantitative formation of the new acylrhodium-hydride
complex 4 (Scheme 1).I')] X-ray structure analysis of 4 shows

PiPrs
PrsP MeCHO 24 hours
RhOTf M H —Rh— OTf no changes
30 min e benzene, RT
|| PiPrg
(o]
PiPr3
iPrsP Cl PiPrs ty ‘
\Rh/ Nen” RCHO “ R ¢
NN 30 min R 24 hours
iPrgP Cl PiPr \C/ ‘ —RH benzene,
2 | PiPrs RT
(o]
R=Ph,5
PEt; R=Me, 6 PiPr3
RCHO

OC—Rh—CI
12 hours

7 PiPr3

Scheme 1. Reactions of Rh' complexes with aldehydes.

a square-pyramidal geometry in which the acyl ligand adopts
the apical position (Figure 2).°! Interestingly, the close
analogue of 4, namely compound 5 (Scheme 1), was reported
to have a trigonal-bipyramidal structure.''! The H-Rh-OTf
angle of 4 is 169° and the MeC(O)-Rh-OTf angle is 103°,
whereas the H-Rh-Cl and PhC(O)-Rh-Cl angles of 5 are 128°
and 147°, respectively. It is worth noting that the Rh—H bond
in 4 (146 A), located trans to the triflate ligand, is much
shorter than that in 5 (1.77 A).

Based on theoretical calculations, it was proposed that in
d® ML;s complexes, a m-donating chloride ligand (e.g. the
chloride of 5) causes an orbital orientation towards a trigonal-
bipyramidal structure.l'’ 3l In the case of 4, the triflate ion
apparently has a negligible n-donating effect. The different
structures of the closely related compounds 4 and 5 support
the significant influence of m donation on the configuration of
unsaturated Rh'! complexes.

The difference in the configurations of 4 and 5 is reflected in
their reactivities. Whereas complex 5 and the analogous
acetaldehyde adduct 6['> I undergo decarbonylation at room
temperature within a few hours, giving the carbonyl complex 7
as the main product,'t 1 complex 4 remains unchanged in
benzene solution after 24 hours at room temperature

1120 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001

Figure 2. Structure of 4 (ORTEP plot; hydrogen atoms, except H1, are
omitted for clarity). Selected bond lengths [A] and angles [°]: Rh1-C2
1.949(2), Rh1-01 2.2986(15), Rh1-P3 2.3428(7), Rh1-P2 2.3712(7), Rh1-H1
1.46(2); C2-Rh1-O1 103.64(8), C2-Rh1-P3 91.40(6), O1-Rh1-P3 93.31(5),
C2-Rh1-P2 94.10(6), O1-Rh1-P2 98.17(5), P3-Rh1-P2 165.73(2), C2-Rh1-
H1 87.3(9), P2-Rh1-H1 80.5(9), P3-Rh1-H1 86.6(9), O1-Rh1-H1 169.1(9).

(Scheme 1). Thus, unlike other coordinatively unsaturated
acylrhodium complexes,'™ ' 151 4 is surprisingly stable towards
decarbonylation. Apparently, since the acyl ligand is located
in the apical position (Figure 2), the cis coordination site
required for decarbonylation is not available.l'l This result
also indicates that the triflate ligand does not readily
dissociate from the Rh!! complex in benzene. Surprisingly,
unlike 1 and 2, complex 3 does not react with MeCHO or
PhCHO under the same conditions, or even after two days
with a 100-fold excess of benzaldehyde.

The nucleophilicity of 1 was compared with that of the
chloro complexes 2 and 3, using Mel as an electrophile. The
addition of Mel to rhodium(l) complexes is a classical, well-
studied reaction of industrial significance, which usually
proceeds smoothly and is routinely used as a method for the
formation of Rh—C bonds.['} As expected, complexes 2 and 3
react smoothly with a stoichiometric amount of Mel in
benzene at room temperature to yield the square-pyramidal
complex trans-[ (iPr;P),Rh(Cl)(I)(Me)] (8) (Me in the apical
position) and the octahedral complex mer-[(Et;P);Rh-
(CH(T)(Me)] (10).'> 18] The analogous reactions of Mel with
[(Cy;P),RhCl] (Cy=cyclohexyl) and [(Me;P);RhCI] com-
plexes result in [(Cy;P),Rh(Cl)(I)(Me) ]** and [ (Me;P);Rh-
(CI)(T)(Me)],[°" respectively. Interestingly, whereas 3 reacts
readily with one equivalent of Mel even at —20°C, no
significant reaction of 1 with Mel (or with MeOTf) is
observed after several hours at room temperature, even when
a fivefold excess of Mel is used.

This difference in chemoselectivity is strikingly apparent in
competitive experiments in which complexes 1-3 were
treated with a 10-fold excess of a 1:1 molar mixture of Mel
and RCHO (R=Me or Ph) in a solution of CsDy. trans-
[ ((Pr3P),Rh(N,)Cl] (11)2% was also examined in the compet-
itive experiments, and the results are presented in Table 1.
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Table 1. Competitive reactivity of Rh' complexes in oxidative addition
reactions.

Complex Substrates!? Products Molar ratio of
RCHO/Mel adductsl!
1 MeCHO + Mel MeCHO adduct 4 100:0
PhCHO + Mel PhCHO adduct 12/ 100:0
2 MeCHO + Mel mixture of 6, 8,9 80:20
PhCHO + Mel mixture of 5, 8,9 65:35
11 MeCHO + Mel mixture of 6,7, 8,9 35:65
PhCHO + Mel mixture of 5,7,8,9 15:85
3 MeCHO + Mel mainly 10 0:100
PhCHO + Mel mainly 10 0:100

[a] Reaction conditions: room temperature, benzene solution, molar ratio
of RCHO/Mel/Rh! complex=10:10:1. [b] Complex 12, [(iPr;P),Rh-
(OTf)(H)(COPh)], was synthesized analogously to 4.1 [c] The ratio is
based on 3P and 'H NMR data. Compounds 7 and 9 are included in the
total ratio of the addition products of RCHO and Mel, respectively.

It is apparent that the four similar Rh complexes behave
very differently in the oxidative addition of aldehydes and
Mel. [(iPr;P),RhOTIf] (1) reacts selectively with aldehydes,
leaving Mel untouched, but [(Et;P);RhCI] (3) reacts selec-
tively with Mel, leaving the aldehydes unconverted. Although
the reactions of [(iPr;P),RhCl], (2) and trans-
[(iPr;P),Rh(N,)CI] (11) under the same conditions are not
selective, they exhibit opposite relative reactivity towards
aldehydes and Mel.

Further studies are required to determine the reasons for
the differences in reactivity and selectivity of the phosphane-
rhodium(i) complexes; however, a possible explanation is that
the oxidative addition of aldehydes requires a three-coordi-
nate, 14-electron Rh! complex, whereas the oxidative addition
of Mel proceeds via the four-coordinate, 16-electron complex.
The oxidative addition of aldehydes to [(Me;P);RhCI] was
shown to involve the 14-electron complex,® as were other
C—H oxidative addition reactions to L;RhCI, which proceed
via a three-centered transition state.?!] On the other hand,
Mel reacts with L;RhCl by means of an Sy2-type mechanism,
in which the four-coordinate complex is the active species.['”
£ 176, 22]

The lack of reactivity of 3, and the lower reactivity of 11
with aldehydes than of 1 and 2, may be due to the ability of 1
and 2 to easily generate the three-coordinate species in
solution,? whereas phosphane dissociation from 3 and 11
may be more difficult.?* 2] On the other hand, 3 reacts with
Mel even at low temperatures, since the generation of the
three-coordinate species is probably not required. Apparent-
ly, electron density at the metal center plays a key role in the
addition of Mel.”! Compound 2 is more reactive than 1,
probably due to the chloride ligand being a better donor than
the triflate. Interestingly, the dimer 2 reacts preferentially
with aldehydes, whereas the monomer 11 reacts preferentially
with Mel. This result is in agreement with the greater ease of
formation of a three-coordinate complex with 2.2%27]

This study demonstrates unprecedented ligand-controlled
selectivity of similar rhodium(i) complexes in classical oxida-
tive addition reactions. The reactivity of complexes of the type
[P,RhX] is strongly dependent on the number and nature of
the alkylphosphane (P) and the halide or triflate (X), and can
be selectively directed to the oxidative addition of an
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aldehyde or Mel. The observed selectivity may be potentially
useful in reactions where substrates containing formyl groups
(and perhaps other groups with reactive nonpolar bonds) and
electrophilic centers in the same system are involved. An
example of high substrate selectivity in such mixtures is
described herein.
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D. L. Thorn, T. H. Tulip, J. A. Ibers, J. Chem. Soc. Dalton Trans. 1979,
2022.

Electron-donating ligands coordinated to Rh' centers facilitate the
oxidative addition of Mel, see for example: a) S.S. Basson, J. G.
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Leipoldt, A. Roodt, J. A. Venter, T.J. Van Der Walt, Inorg. Chem.
Acta 1986, 119, 35; b) G.J. Van Zyl, G. J. Lampbrecht, J. G. Leipoldt,
T. W. Swaddle, Inorg. Chem. Acta 1986, 143,223, c) see also ref. [17c]
and [17i], and references therein.

[27] A similar tendency is observed with the dimer [{(Et;P),Rh(Cl)},],
which unlike the monomer 3, reacts slowly with aldehydes at room
temperature, giving predominantly carbonyl complexes.!'*"!

Quasi One-Dimensional Organic
Superconductor MDT-TSF - Aul, with
T.=4.5 K at Ambient Pressure**

Kazuo Takimiya,* Yoshiro Kataoka, Yoshio Aso,
Tetsuo Otsubo,* Hiroshi Fukuoka, and Shoji Yamanaka

Although the first organic superconductors were prepared
from radical-cation salts (Bechgaard salts) based on tetrame-
thyltetraselenafulvalene (TMTSF) under extremely cryogenic
conditions (7.< 1.4 K), higher T, superconductors were
developed from heterocycle-fused tetrathiafulvalenes (TTFs),
represented by bis(ethylenedithio)tetrathiafulvalene (BEDT-
TTF).[l Whereas the Bechgaard salts have quasi one-dimen-
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