Organometallics2007,26, 4373-4375 4373

Communications

Electropolymerized Pd-Containing Thiophene Polymer: A Reusable
Supported Catalyst for Cross-Coupling Reactions
Vincenzo G. Alband, Marco Bandini,*" Carolyn Moorlag}, Fabio Piccinellit
Agostino Pietrangeld,Simona Tommasi,Achille Umani-Ronchit and Michael O. Wolf#

Dipartimento di Chimica “G. Ciamician”, Unéersita di Bologna,via Selmi 2, Bologna, 40126 lItaly, and
Department of Chemistry, Usrsity of British Columbia, Vancaeer, BC, V6T 171, Canada

Receied March 7, 2007

Summary: Electrodeposition of Pd-containing oligothienyl com- Scheme 1. Synthesis of [DAT3-Pgj¢-CsHs)][X]
plexes on porous graphite electrodes allows the preparation of (2a: X = BFy4, 2b: X = PF).
a new, reusable heterogeneous organometallic catalyst for intra-

N
as well as intermolecular cross-coupling reactions. m M .
\
S 2
Palladium is one of the most utilized and versatile transition [Pd(n*-C3Hs)CIl

metals in modern synthetic organic chemistry, and a large AgBF or NH,PFe O’ Pd_>
number of transformations involve this noble metal as a catalyst THF/CH,Cl,

or organometallic reagehtThe scope of Pd-mediated cross-

coupling reactions (i.e., SuzukMiyaura?22 Mizoroki—Heck2? W W
Sonogashir#) continues to broadehpeing commonly em-

ployed as bench test processes for new homo- and heterogeneous (DAT3) 2a: yield = 85%
catalysts. As the chemical industry adopts Pd-based processes 2b: yield = 95%

in manufacturind, demands for ecologically friendly transfor-  porous graphite mesh. Thiophene-functionalized bipyridine
mations have moved research efforts toward new, easily handledligands have been previously suggested as potential precursors
separable, and recoverable catalytic systems. of polymeric heterogeneous cataly&tsnd Pd catalysts have
To this purpose, anchoring or dispersion of an active catalyst been attached as pendant groups to polypyrréleswever the
complex onto an inert matrix is a commonly used strafegy; incorporation of a catalytic center directly in the polymer
however this often requires extensive synthetic steps, andbackbone has not been explored.
contamination of reaction products by leaching of metal species Our recent findings on the use of chiral diamino-oligo-
is a concerrs. thiophenes (DATS), as versatile ligands for catalystsympted
A relatively unexplored strategy to prepare thin films of US 0 consider the corresponding Pd complexes as suitable
organometaliic catalysts is the controlled electropolymerization candidates for the electrochemical deposition of Pd-containing
of metal-functionalized oligothiophenésThe direct electro-  thiophene polymers on high surface area graphite electfddes.
chemical preparation of supported catalysts on electrodes avoids, 1he electropolymerizable precursor complex jPeCaHs)-
multistep synthetic pathways to introduce anchoring sites as well (1)][8':4] (28) was prsepared in 85% yield by reactitif (DATS,
as spacers in the molecular skeleton. In addition, thin films may + €9uiv) with [Pd§*-CsHs)Cl]2 (0.5 equiv) in THF/CHC,,

be readily deposited on high surface area electrodes such af!lowed by exchange with AgBf Spectroscopic characteriza-
tion (ESI-MS, IR, UV/vis) and elemental analysis are consistent
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Figure 1. Coordination modes of the PgC3Hs) unit to substitutedrans-1,2-diaminocyclohexane.

Figure 2. X-ray molecular structure of [Pgf-CsHs)(1)]" as a

[PFs]~ salt 2b). The allyl ligand is disordered, and the domi-
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nant orientation (55%) is shown. Selected bond lengths (A): Figure 3. Cyclic voltammogram oRa on a Pt electrode.

Pd(1)-N(1) 2.110(5), Pd(1yN(2) 2.101(5), Pd(1yC(33) 2.137-
(9), Pd(1)-C(35) 2.199(8), Pd(BS(2) 3.306(2).

structure of the analogous [R{CsHs)(1)][PFs] complex 2b
(Figure 2) could be obtained. The structure showsl,a-

solid-state structure &b. The UV/vis spectrum o2ahasAmax
= 360 nm, close to the maximum absorption of terthiophene
(355 nm)#3

Complex2awas electropolymerized on a Pt electrode (Figure
3). Electropolymerization of related Pd complexes has previ-

chelating cycle in an envelope conformation with the nitrogen ously been shown to occur via coupling of thepositions of

atoms showing opposite configurations [N@)@nd N(2)8)].
A close intramolecular S(2yPd(1) contact [(3.306(2) A)] is
observed similar to that reported in the analogous DAFZ
complex [(3.340(1) A)p2

IH NMR studies of2a were carried out to gain insight into
the behavior of the cationic Pd complex in solution. The

coordination of the Pd-CsHs)unit to the substitutedrans

1,2-diaminocyclohexane gives a five-membered metallacyclic
ring in which the nitrogen atoms are locked in a tetrahedral
environment. IrRathree possible stereoisomers at the nitrogen

centers (twall andmesdsomers) can be formed (Figure %32
Three distinct sets of allylic protons were observed inHe
NMR spectra in both CDGI(—80— 35°C) and CXCN (—45

— 70°C) over the entire temperature range studied. It has been

shown that in strongly coordinating solvents such agCD
the »* and 3 allyl isomers rapidly equilibratétcd thus we
attribute the observed sets of allyl protons to the thizsomers

the terminal thiophene rind4.For catalytic studies, films were
electropolymerized on carbon paper (Toray TGP-H-030) by
cycling from 0 V to thepotential where polymerization starts
(10 cycles typically used). The amount of pdg-on the carbon
films is difficult to accurately determine, but mass changes of
<1 mg for a 1 crfilm were recorded. The electropolymerized
films were characterized by X-ray photoelectron spectroscopy
(XPS) and UV/vis spectroscopy. XPS analysis shows a Pd:S
ratio of 1:5.8, similar to the ratio obtained f@a cast from
solution (Pd:S= 1:5.0). The Pd 3¢h peak appears at 338.5
eV, consistent with the presence of Pd(ll) in similar coordination
environments® UV/vis spectroscopy shows a slight red-shift
in the absorption spectrum {ax = 384 nm).

A poly-2afilm was used as the catalyst in the Suzuki cross-
coupling reaction between 2-fluoro-1-iodobenz8rand phen-
ylboronic acid4 under basic conditions @CO;). After 40 h at
80 °C, 91% conversion of the desired cross-coupled bi&ryl
was achieved (Scheme 2a). XPS analysis of the modified

and themesospecies (ratio at room temperature: 1:1.15:1.73). glectrode after the catalysis showed a Pd:S ratio of 1:6.3 and
In CDCls similar results are observed, suggesting that even in minimal change in the Pd 3dbinding energy. This is consistent

this less coordinating solvent rapid equilibration of #leand

with negligible loss of Pd from the polymer backbone. The

n? allyl species occurs, possibly due to interaction between the signal intensities for the Pd and S peaks are comparable before

Pd center and the ancillary thienyl grougsss observed in the

(11) (a) Perica, M. A,; Puigjaner, C.; Riera, A.; Vidal-Ferran, A.; ®ez,
M.; Jimenez, F.; Muller, G.; Rocamora, MChem=—Eur. J.2002 8, 4164,
(b) Rafii, E.; Dassonneville, B.; Heumann, 8hem. Commur2007, 583.
(c) Hansson, S.; Norrby, P.-O.;'$j@n, M. P. T.; Akermark, B.; Cucciolito,
M. E.; Giordano, F.; Vitagliano, AOrganometallics1993 12, 4940. (d)
Canal, J. M.; Gmez, M.; Jimi@ez, F.; Rocamora, M.; Muller, G.; Danh,
E.; Franco, D.; Jirfeez, A.; Cano, F. AOrganometallics200Q 19, 966.

(12) Oslinger, M.; Powell, JCan. J. Chem1973 59, 274.

and after catalysis, indicating that overall loss of metallopolymer
from the support is small.

In order to ascertain whether the catalysis is authentically
heterogeneous, aliquots of liquid were removed from a Suzuki

(13) DiCesare, N.; Belletete, M.; Marrano, C.; LeClerc, M.; Durocher,
G. J. Phys. Chem. A999 103 795.

(14) Roncali, JChem. Re. 1992 92, 711.

(15) Muilenberg, G. E. IrHandbook of X-ray Photoelectron Spectros-
copy, Perkin-Elmer Corporation: New York, 1979.
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Scheme 2 drying under vacuum. This simple procedure allowed five
consecutive Suzuki reaction8 ¢ 4 — 5) to be carried out in

F
F B(OH), O high conversions (8998%, Table S1). The Sonogashira cross-
a) @[ + ©/ i coupling of3 with phenylacetylen& under copper ligand-free,
| 91% O phosphine ligand-free, and solvent-free conditions in the pres-
3 4 ° ence of poly2awas successful (81%, 24 h, Scheme 2b). Good
P F reaction conversion was also obtained in the Heck coupling of
F = O iodobenzene and ethyl acrylat® (Scheme 2c). The use of
b @ + ©/L, AN excess BN as a scavenger resulted in 87% conversion after
I 81% 24 h. Moreover, the intramolecular Heck reaction involviBgy (
8 8 7 O o,B-unsaturated 2-haloanilide$1'® also proceeded in the
presence of a pola film, with racemic oxindolel2 obtained

? chemoselectively in 57% isolated yield after 48 h at “€D
o (Scheme 2d¥?
| ii N OEt /
© ©\ * \)\05—0’ In conclusion, we report here a novel approach to heteroge-
g ! 9 87% 10 neous organometallic catalysts via electrodeposition of oligo-

thienyl complexes on porous graphite electrodes. The thin films
| s are efficient in catalyzing several cross-coupling reactions and
& @[ o} v W in the case of the Suzuki reaction allow for the easy recovery
| o and reuse of the supported Pd polymer over several runs without
Me)wé\ ST “r\;l ~o appreciable loss in activity. Studies directed toward the use of
11 @2 this chiral polymeric oligothienyl-Pd complex in chemical and
aReagents and conditions: (i) poBg, K-COs, toluene, MeOH, 80 electrochemical asymmetric catalysis are currently underway.
°C, 24 h; (ii) poly2a, TEA (3 equiv), 70°C; (iii) poly-2a, TEA, toluene,

CHsCN, reflux, 24 h; (i ly2a, DIPEA, DMA, 80 °C, 48 h. .
° reflux (iv) poly2a. Acknowledgment. This work was supported by MIUR

(Rome), FIRB Project, the University of Bologna, and the
reaction run to completion from which the catalyst film had Natural Sciences and Engineering Research Council of Canada.
been removed, and a fre&M/K,CO; mixture was added. In

this case, the formation of only trace was observed (7% Supporting Information Available: Synthesis and character-

conversion, 48 h reflux). This demonstrates that negligible jzation of the catalyst, CIF file d2b, and cross-coupling procedures.
activity results from leaching of catalyst from the films and that This material is available free of charge via the Internet at

the catalysis is heterogeneous. Moreover, control experimentsptip://pubs.acs.org.
with 2b in solution (loading 1 mol %, 80C, 40 h, conversion
98%) and with the unmodified electrode (8Q, 40 h, trace =~ OM070210L
conversion) showed that the support neither significantly affects
the activity of the electrodeposited polymer nor participates in  (16) Dounay, A. B.; Overman, L. EChem. Re. 2003 103 2945.
; (17) A control experiment of the intramolecular Heck reaction with
the catalysis. AT e
- . unsupported DAT3Pd catalyst gave racemi2. This indicates that the

The reusability of Fhe Cata'V_St was tested by removing the |ack of stereoselectivity for the supported cross-coupling reaction is not

electrode from solution, washing with MeOH, followed by due to the presence of the graphite support.




