JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by University of Birmingham | http://www.library.bham.ac.uk

Communication

A Dicoordinate Palladium(0) Complex with an

Unusual Intramolecular O-Arene Coordination
Steven M. Reid, Robert C. Boyle, Joel T. Mague, and Mark J. Fink
J. Am. Chem. Soc., 2003, 125 (26), 7816-7817+ DOI: 10.1021/ja0361493 « Publication Date (Web): 10 June 2003
Downloaded from http://pubs.acs.org on March 29, 2009

Cy,P
: \N< CeHe, 55°C
2 O O + E/F"dMe2 —_—
N -tmeda
/'\ -C,Hg

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 15 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0361493

JIAIC

S

COMMUNICATIONS

Published on Web 06/10/2003

A Dicoordinate Palladium(0) Complex with an Unusual Intramolecular
n'-Arene Coordination

Steven M. Reid, Robert C. Boyle, Joel T. Mague, and Mark J. Fink*

Department of Chemistry, Tulane Wersity, New Orleans, Louisiana 70118

Received May 14, 2003; E-mail: fink@tulane.edu

Low-coordinate, low-valent complexes of palladium are ex-
tremely important catalytic intermediates in a variety of organic
synthetic transformatiorisRecent reports have illustrated the utility
of bulky monophosphines such as 2-(dicyclohexylphosphino)-
biphenyl (dcpBiph) to accelerate palladium-mediated activation of
the carbor-chlorine bond of chloroarenes under relatively mild
conditions? It has been proposed that either the highly reactive
14e fragment, (RP)Pd, or the 12e fragment, (RP)Pd, may be
the key intermediate for the -&€Cl oxidative addition with the
chloroarené:* Despite interest in these low-coordinate complexes,

large deviation of the PiPd—P2 angle of 154.82(4)from
linearity 1° Close inspection of the interatomic distances within the
coordination sphere reveals an unusually close contact between only
one biphenyl carbon atom, C20, and the palladium atom {G20

= 2.676(5) A). This intramoleculay’-coordination of an arene to
palladium(0) is unprecedented and evidently partially satisfies the
electron deficiency at palladium, a stabilizing interaction that is
accommodated by the bent PRd—P2 framework! It should be
noted that the coordinating arene ring is planar and that there is no
significant bond alternation among the-C bonds of the ring. Thus,

the structure and bonding of these species have not been extensively, palladium atom appears to interact solely with zheloud of

studied. We now report the synthesis and unusual structure of
(dcpBiph}Pd (1), some of its conformational behavior in solution,
and reactions with halobenzenes.

The reaction of phosphines with (tmeda)PdMeoften give
bisphosphine dimethylpalladium complexes. For bulky phosphines,
these readily reductively eliminate ethane to yiel¢?&0) which
may be trapped with cycloalkerfe®r allowed to dimerizé.
Similarly, heating a mixture of 2 equiv of dcpBiph and (tmeda)-
PdMe in benzene led directly to the bright yellow and slightly
air-sensitive (dcpBiphPd in 82% yield (eq 15.
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An X-ray crystal structure ofl was obtained. The ORTEP
drawing in Figure 1 reveals a highly congested coordination sphere
in which the biphenyl substituents shield nearly one hemisphere
about the palladium atom and the cyclohexyl groups shield thé rest.
An obvious difference between this structure and those of the few
other reported structures of {RL,M (M = Pd, Pt) is the unusually

Figure 1. ORTEP drawing ofl. Thermal ellipsoids are at the 30%
probability level. For clarity, hydrogen atoms are omitted, and the cyclohexyl

carbons are represented by spheres of arbitrary radius. Selected bond lengths

(A) and angles (deg): PeP1, 2.2744(11); PdP2, 2.2778(11); P1Pd—
P1, 154.82(4).
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the interacting arene, leaving the nomina bpbridization at C20
undisturbed? By contrast, a more classical-alkene interaction
is evidenced by the recently reported biaryl complex@phen-
anthryl)PCyPd(dba)® and [BINAP(O)LPd“ where a rare intramo-
leculary?-arene coordination to Pd(0) exists. A CP-MA8 NMR
spectrum of solidl shows a broad AB pattern indicative of the
two inequivalent phosphorus environments.

The room-temperaturéH and 13C{*H} NMR spectra ofl in
solution show sharp resonances which are consistent with an
“average” symmetric structure in which the two biphenyl groups
are indistinguishable. The room-temperatéi{*H} NMR spec-
trum shows one broadened resonance at 31 ppm. This indicates
that thesr-coordinated and free biphenylphosphine substituents are
rapidly exchanging on the NMR time scale. The origin of the
exchange is not due to the interchange of free and bound ligands
since an equimolar mixture of dcpBiph addgave rise to two
distinct 31P signals, ascribable to compléxand the free ligand,
that remain unchanged up to 7Q.

The variable temperatuféP{*H} NMR spectrum ofL in toluene
dg was examined. As the temperature is lowered3tBg'H} NMR
spectrum of purd shows broadening of tHéP resonance followed
by ultimate recoalescence into two distinct features@0 °C: a
sharp AB pattern withda = 58 ppm,dg = 15 ppm,2J(P—P) =
156 Hz and a slightly broadened singlet at 13.5 ppm. The AB
pattern is very similar to that found in the solid state, and is therefore
assigned to a conformer df that possesses bothircoordinated
and free biphenylphosphine substituert}. (The larger remaining
resonance at 13.5 ppm corresponds to the majority species in
solution (75%) at—90 °C. The 3P chemical shift of this sym-
metrical species is virtually identical s of conformerA and is
attributed to a species for which none of the arene substituents are
interacting with the palladium atom. The NMR spectra of solutions
containingl are insensitive to total concentration®both at—90
°C and at room temperature, thereby precluding monerdiener
or higher oligomerization equilibria. We therefore ascribe the
majority low-temperature species to a conformer (or set of
conformers) ofl that possesses two noncoordinating biphenyl
groups B).1%
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Full line shape analysi& of the variable temperaturéP{H}
NMR spectra gavéAH = 2.04(5) kcal mot! andAS = —2.09(9)
cal moit K= for the equilibrium shown above. These small
differences in energy are consistent with a conformer equilibrium.
The thermodynamic parameters also reveal that confoAmenhile

A

the minority species at very low temperatures as indicated, becomes

the predominant species near room temperature. The activation
parameters for A—~ B of AH* = 7.5(5) kcal mot! and AS =
—5(1) cal mott K1 reflect a fairly congested transition state for
the conformer interconversion.

Sincel may be relevant to catalytic chemistry involving-&
activation, the reaction of with halobenzenes was investigated.
The reaction ofl with excess PhX (X= ClI, Br, I) in benzene at
room temperature resulted in the expected formation ofrtoes-
phenyl palladium halide complex2a—2c (Scheme 1). The reaction
times follow the expected order of Phl (minutes)PhBr (1 day)
< PhCI (several days). The phenyl palladium iodiglé) {s unstable,
however, and quickly gives rise to the bridging diodi® énd
free dcpBiph ligand. Comple3 likely arises from ligand dissocia-
tion and dimerization of the resulting tricoordinate palladium
intermediate. Most interesting is the formation of the phosphonium
salts 4b,c as minor products 5% yields)!” These products
probably arise from the metalation of an ortho carbon of the distal
biphenyl ring of the phosphine ligand, followed by reductive
elimination a P-C bond from the palladium. This implies that a
palladium-arene interaction, similar to that observedlinmay
exist for the Pd(Il) complexes2b,0). In the case of2b,c, the
interaction has additional chemical significance in respect to arene
metalation.

Scheme 1
dchiph\ ,Ph
(depBiph),Pd + PhX —— Pd
X dcpBiph
1
2a:X=Cl
- depBiph 2b:X =Br
2¢: X =1
X=1 l
depBiphy I\ ,Ph
LA B}
Ph” TI” depBiph + X
P\
Cy/ Cy

4b:X =Br;4e:X=1
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