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The use of well-defined metal nanoparticles for catalytic trans- Scheme 1. Synthesis and TEM Micrograph of Pd/1 Nanoparticles
formations of organic substrates is an excitingd rapidly growing (Coll.1)
area2 Metal nanoparticles have been proven to be efficient and . 3barba THR. o THEW(L
selective catalysts for reactions which are also catalyzed by molec-”2 [Pdz(dba)s] + 0.2 L -dba [Pe( WL
ular complexes such as olefin hydrogenation er@coupling, for

Bu Coll.1 (L=1)
example, as well as for reactions which are not or poorly catalyzed But ‘Q Bu
by molecular species such as aromatic hydrocarbons hydrogena- Buf {Bu
o [
0 fBu

tion 243> Unambiguous distinction between colloidal and true homo-
- o . But oo
geneous catalysis is, however, often very diffiélturing the past
few years, we have studied the synthesis of metal nanoparticles tBu -
through an organometallic approatciihis method leads to nearly L=1 OO
monodisperse particles of very small size displaying interesting :
surface coordination chemistry. This point can, in principle, be ) ) )
Table 1. Asymmetric Allylic Alkylation of rac-3-acetoxy-1,3-
diphenyl-1-propene (rac-1) with Dimethyl Malonate Catalyzed by

1)
|

evidenced by spectroscopic methods (IR, NMR) or by the reactivity
induced by the presence of ligands, for example, asymmetric cojl.14

induction. However, despite impressive progress in asymmetric 44, PALY CH(COOMe),
catalysis’ only one colloidal system has been found to display an _—
y y Y. play Ph)\y\Ph + H 2C(CO0Me) 5~ Z~ph

interesting activity, namely, Pt(Pd)/cinchonidine for the hydrogena- racel CH»Cly, 1t "
tion of ethyl pyruvaté. Palladium particles also recently attracted

a high interest as catalysts for-C coupling reactions (mainly ey catalyst UPdi  time(h) conv. (6 eell (%) eel(%)
Heck and Suzuki couplingg)Since Pd complexes are well-known 1 Coll.1  100/1/0.2 24 56 979 89 (9
catalysts for enantioselective allylic coupling reactions, we decided 2 ~ Coll1 100/1/0.2 168 59 g 89

Colll 100/1/1.05 168 61 99 8909

to examine the activity of palladium nanoparticles for this reaction.
The ligand we chose is a chiral diphosphite with a xylose backbone, 2 Molar ratio between, Pd, and excess ligand added in the catafifsis.
18 (Scheme 1), which has been successfully used for the stabilization Deétermined by'H NMR. ¢ Determined by HPLC on a Chiracel-OD
. . ; . column. Absolute configurations ¢3¢ andll 15 in parentheses.

of molecular Pd complexes involved in catalytic allylic alkylatfon.

It contains phosphite groups able to coordinate firmly at the surface
of nanopatrticles together with oxygen atoms able to interact weakly
with this surface.

We describe hereafter the synthesis of palladium nanoparticles
stabilized by the chiral xylofuranoside diphosphit¢Scheme 1),
their catalytic activity in the Pd-catalyzed allylic alkylation rafc-
3-acetoxy-1,3-diphenyl-1-propeneag-1) with dimethyl malonate
(Table 1), and experiments aiming at distinguishing these observa-
tions from a classical molecular catalysis. This is to the best of our
knowledge the first report of a reaction catalyzed by nanoparticles
giving rise to>95% ee outside the Pt/cinchonidine sysfem.

The Pd nanoparticlesCpll.1) were isolated as a black powder
after decomposition of [Rgdba)] by H, (3 bar) at room temper-
ature in THF in the presence df (PdL = 1/0.2; Scheme 1).

The reaction ofrac-3-acetoxy-1,3-diphenyl-1-propenea¢-1)
with dimethyl malonate under basic conditibhwas studied using
as catalyst eitheColl.1 or a molecular complexX\{ol.1) generated
in situ by reaction of [Pd(¢Hs)Cl], and1, according to previous
literature?12 Both systems led to the expected alkylated product.
The enantiomeric excess found using the molecular catalyst matched
the published data, whereas that found using the colloid catalyst
was slightly higher (ca. 97%j ee; see Table 1). The reactions
observed using the two catalytic systems, however, displayed some
clear differences, the most striking ones being the absence of
completion of the reaction associated to a very high kinetic
resolution (89% ee in the remaining substrate) when uSioi 1
as a catalys®® Thus, only ca. 55% productl() was obtained after

T - | . led th P II24 h, and this value did not change after 168 h. In contrast, quasi
ransmission electron microscopy revealed the presence of sma total conversion but no kinetic resolution of the substrate was

spherical, but in some cases agglomerated, particles of ca. 4 NMypserved after 1.5 h usirgol.1 as the catalyst
mean size (Scheme 1), while wide-angle X-ray scattering analyses  gjncq the reaction rates were found to be very different in the

evidenced the fcc structure of bulk palladidfn. two systems, a comparison proved difficult, and the formation from
the particles of a small amount of an active molecular catalyst could

T i i . T
s niversitat de Barcelona. . @ sination. CNRS not be excluded. To be able to rule out this possibility and, more
§ Universitat Rovira i Virgili. generally, to better characterize the colloidal system, control
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Figure 1. Plots of conversion (left) and ee of unreacteftight) vs time
using as catalyst€oll.1 () andMol.1 1/10 000 @).

experiments were carried out which have all been found reproduc-
ible and are described in the Supporting Information. The results
are the following: (i) Excess ligand added to the colloidal system
changed neither the course nor the selectivity and kinetic resolution
of the reaction. (ii) Addition of excess substrate after 24 h (time
for stabilization of the reaction) led to a further conversion of the
(R)-I enantiomer and, consequently, accumulation o&bee with

the same enantiomeric excess (97%); this operation could be
reproduced three times with the same activity and selectivity. (iii)
The molecular catalyst-to-substrate ratio (Pd/as varied between
1/100 (original literature repoftand 1/10 000. For the latter ratio,
the initial reaction rate was found comparable to that of the colloidal

poisoning experiments, although questiondbfeagreed with the
colloidal character of the catalysts prepared from nanoparticles.

In conclusion, this communication reports a facile synthesis of
novel palladium nanoparticles of low size dispersity and stabilized
by an asymmetric diphosphite. These particles display a high selec-
tivity as catalysts for an asymmetric allylic alkylation reaction. The
reaction mainly proceeds with one enantiomer of the substrate,
hence demonstrating a very high degree of kinetic resolution. The
same reaction catalyzed by a corresponding molecular species
accommodating the same diphosphite ligand and in conditions of
dilution where the rates of both catalysts match proceeds at similar
rates with both enantiomers. This demonstrates that two different
mechanisms operate according to the nature of the catalyst. This is
to the best of our knowledge the first report of an asymmetricCC
coupling reaction catalyzed by nanoparticles with a high enantio-
meric excess and, moreover, the first nanoparticle-catalyzed reaction
outside hydrogenation with the Pt/cinchonidine system leading to
high enantioselectivity.
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system but, interestingly, the conversion of the substrate was quaspomments.

complete and the enantiomeric excess of the substrate remained Supporting Information Available: Synthesis and characterization

limited and constant at ca. 40%. For less dilute systems, the ee

was smaller (1/2000: 27%; 1/500: 0). For higher dilutions

(1/100 000), the catalytic system became very slow and the data
became doubtful; notably, the ee of the substrate remained low (ca.

16%). (iv) Conversion of an enriched substrate was achieved with
both the colloidal and the very dilute molecular systems (1/10 000).
After 30 h, only 10% of substrate (84%)(ee) was converted in
the colloidal case to be comparable to 67% in the molecular one
leading to products of ca. 95% ee in both cases. (v) Plok$(Bj-
N/k((9-1)** versus time calculated for both the colloidal and the
molecular 1/10 000 catalysts revealed two different stable values,
namely ca. 12 for the colloidal and 2 for the dilute molecular system
(a similar value was obtained for the 1/100 000 system). (vi)
Poison&® were added to the different catalytic systems: addition
of mercury or C$at the beginning of the reaction totally inhibited
the reactions catalyzed by colloids, whereas it had little or no effect
on the molecular ones (GSlowed down the reaction but no kinetic
resolution was observed). Addition of €&fter a 3-h reaction time
stopped the colloidal catalytic system. However, addition of mercury
after the same reaction time had only a slowing effect. (vii) Potential
degradation products df were used as ligands to prepatell.2
andColl.3; these species were found inactive in catalySiwiii)
Finally, TEM analyses of the colloids did not show any significant

change in the size and shape of the patrticles after 7 days of catalytic

reactions. Figure 1 shows conversion and ee of unredotedsus
time using catalyst€oll.1 andMol.1.

The main difference between the colloidal and the molecular
systems lay in the relative rates of alkylation of the two enantiomers
of the substrate. The kinetic preference for Basubstrate was only
a factor of 2 in the molecular system, whereas it was clearly higher
in the colloidal one (12 to 20). This induced an apparent absence
of reaction with the sample enriched in ti&esubstrate for the
colloidal catalyst. This apparent lack of reactivity observed at 58
60% conversion was not due to catalyst deactivation, as demon-
strated by further addition of substrate which led to its alkylation

at the same rate and with the same selectivity. The result was a (15)

very high kinetic resolution yielding at the end of the reaction both
nearly enantiomerically pure substrate and product. Furthermore,

procedures for nanoparticles, and full description of catalytic reactions,
control experiments, and kinetic data (PDF). This material is available
free of charge via the Internet at http://pubs.acs.org.

References

(1) Aiken, J. D., Ill; Finke, R. GJ. Am. Chem. S0d.999 121, 8803.

(2) (a) Aiken, J. D., llI; Finke, R. GJ. Mol. Catal. A1999 145 1. (b) EI-
Sayed, M. A.Acc. Chem. Re2001, 257. (c) Bmnemann, H.; Richards,
R. M. Eur. J. Inorg. Chem2001, 2455. (d) Roucoux, A.; Schulz, J.; Patin,
H. Chem. Re. 2002 102 3757. (e) Dupont, J.; Fonseca, G. S.; Umpierre,
A. P.; Fichtner, P. F. P.; Teixeira, S. R.Am. Chem. So2002 124, 4228.

(3) (a) Davies, I. W.; Matty, L.; Hughes, D. L.; Reider, P.JJ Am. Chem.
Soc 2001, 123 10139. (b) Widegren, J. A.; Finke, R. G. Mol. Catal.

A 2003 191, 187. (c) Widegren, J. A.; Finke, R. Q. Mol. Catal. A
2003 191, 317.

(4) (a) Pan, C.; Pelzer, K.; Philippot, K.; Chaudret, B.; Dassenoy, F.; Lecante,
P.; Casanove, M.-Jl. Am. Chem. So@001, 123 7584. (b) Philippot,

K.; Chaudret, BC. R. Chim.2003 6, 1019. (c) Gmez. M.; Philippot,
K.; Colliere, V.; Lecante, P.; Muller, G.; Chaudret, Bew J. Chen2003
27, 114.

(5) (a) Comprehensie Asymmetric Catalysislacobsen, E. N., Pfaltz, A,,
Yamamoto, H., Eds.; Springer: Berlin, 1999; Vols:Ill. (b) Catalytic
Asymmetric Synthesi&nd ed.; Ojima, I., Ed.; Wiley: New York, 2000.

(6) (a) Studer, M.; Blaser, H.-U.; Exner, @dv. Synth. Catal2003 345,

45. (b) Bomnemann, H.; Braun, G. AAngew. Chem., Int. Ed. Endl996
35,1992. (c) Bmnemann, H.; Braun, G. Ahem—Eur. J.1997, 3, 1200.
(d) Zuo, X.; Liu, H.; Guo, D.; Yang, XTetrahedron1999 55, 7787. (e)
Kohler, J. U.; Bradley, J. SCatal. Lett.1997, 45, 203. (f) Kahler, J. U;
Bradley, J. SLangmuir1998 14, 2730.

(7) (a) Reetz, M. T.; Breinbauer, R.; Wanninger, Ketrahedron Lett1996
37, 4499. (b) Reetz, M. T.; Westermann,Angew. Chem., Int. EQ00Q
39, 165. (c) Moreno-Maas, M.; Pleixats, R.; Villarroya, $organometal-
lics 2001, 20, 4524. (d) Rocaboy, C.; Gladysz, J. @rg. Lett.2002 4,
1993.

(8) Buisman, G. J. H.; Kamer, P. C. J.; van Leeuwen, P. W. N. M.
Tetrahedron: Asymmetry993 4, 1625.

(9) Panmies, O.; van Strijdonck, G. P. F.; Dieguez, M.; Deerenberg, S.; Net,
G.; Ruiz, A.; Claver, C.; Kamer, P. C. J.; van Leeuwen, P. W. N.JM.
Org. Chem.2001, 66, 8867.

(10) For experimental procedures and characterizations, see the Supporting
Information.

(11) Trost, B. M.; Murphy, D. JOrganometallics1985 4, 1143.

(12) For experimental details, see’Bieez, M.; Jansat, S.; @wez, M.; Ruiz,

A.; Muller, G.; Claver, C.Chem. Commur001, 1132.

(13) For kinetic resolution in Pd-catalyzed allylation: (a) Ramdeehul, S.;
Dierkes, P.; Aguado, R.; Kamer, P. C. J.; van Leeuwen, P. W. N. M,;
Osborn, J. AAngew. Chem., Int. EdL998 37, 3118. (b) Dominguez,
B.; Hodnett, N. S.; Lloyd-Jones, G. @ngew. Chem., Int. EQ001, 40,
4289. (c) Gilberston, S. R.; Lan, Prg. Lett 2001, 3, 2237.

(14) Chen, C.-H.; Fujimoto, Y.; Girdaukas, G.; Sih, CJJAm. Chem. Soc

1982 105 7294.

Leutenegger, U.; Umbricht, G.; Fahmi, C.; Matt, P. V.; Pfaltz, A.

Tetrahedron1992 48, 2143.

JA036132K

J. AM. CHEM. SOC. = VOL. 126, NO. 6, 2004 1593



