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Palladium(0) nanoparticle has been used as an efficient catalyst for the allylation of active methylene compounds. Very efficient bisallylation
is achieved for a variety of active methylene compounds by allyl acetate and its derivatives in one stroke in THF solvent. The reaction in water
provides monoallylated product selectively by allyl acetate only. The recovered Pd(0) nanoparticle is recycled. A probable mechanism is

suggested.

Allylic substitution is a very useful reaction as it adds a palladium catalysts such as [CpRuCl(cé&lyand NP/dppp°
moiety that has much potential for further elaboration. The were also reported. In recent times, interest in nanoparticle-

palladium-catalyzed allylation by allylic alcohols or prefer-

catalysis has increased considerably because of its improved

ably its derivatives like acetate and carbonate is one of the efficiency under mild and environmentally benign conditions

most efficient protocols for constructing—C bonds in
organic synthesisUsually a palladium derivative in com-
bination with a ligand is usetiThese procedures involved
Pdy(dba)y/PPh,22 [Pd(13-CsHs)Cl]/tetraphosphine ligan#®,
Pd(0)/P(GH4-m-SOsNa); [trisodium salt of trisfn-sul-
fonatophenyl)phosphine (tpptSy|Pd-P(OGHs)3,2¢ Pd(dbay
PPh/AI ;03,26 PACh(CH3;CN),/[(HOCH,CH,NHCOCH,)-
NCH.],,%" and Pd[PP4$}4.29 A few procedures with other non-

in the context of Green Chemistty Palladium nanoparticles
have been found to be active species in variou<Chond
formation, namely Heck, Sonogashira, and Suzuki, coupling
reactions and thus showed great promise for further applica-
tions> However, the TsujiTrost reaction, i.e., allylic
substitution of active methylene compounds, has been less
studied and only recently, palladium and cobalt nanoparticles
immobilized on silicgf2 montmorillonite entrapped sub-
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nanoordered Pd clustetsand palladium nanoparticle sta- || N

bilized by an asymmetric diphospHitewere reported.
Allylation of amine$? and phenoFs by Pd nanoparticles was
also demonstrated. We report here a novel ligand-free
protocol for allylic substitution of active methylene com-
pounds by allyl acetate and its derivatives (TsUjrost
reaction), catalyzed by palladium(0) nanoparticles. The
reaction in THF leads to bisallylation in one stroke, whereas
highly selective monoallylation by allyl acetate takes place
in H,O (Scheme 1).
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The experimental procedure is very convenieAtone-
pot reaction of active methylene compound and allyl acetate
in the presence of the PALIBAB/K,CO; system in

Figure 1. TEM image of Pd nanoparticles formed in the reaction
mixture.

Several structurally diverse active methylene compounds
underwent allylation by allyl acetate or its derivatives by in
situ generated palladium(0) nanoparticles in THF to produce
the corresponding allylated products in high yields. The
results are summarized in Table 1.

refluxing THF provided the product. The formation of Pd- || G

(0) nanoparticles in situ from this reagent system was
detected by us from the analysis of the reaction mixture by
transmission electron microscope (TEM) and Energy Dis-
persive X-ray spectroscopy (EDS) (Figures 1 and 2). The
size of Pd nanoparticles was found to be8nm. In absence

of Pd nanoparticle no reaction was initiated.
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Figure 2. Energy dispersive X-ray spectra with the use of a Cu-
grid

As evident from the results all the substrates produced
bisallylated products under these conditions. The participating
active methylene compounds were acyclic and cyclic 1,3-
diketones, 1,3-keto esters, and 1,3-diester, and allylic agents
used were allyl acetate, crotyl acetate, and cinnamyl acetate
and its derivatives. The careful monitoring of the progress
of the reaction by TLC anéH NMR at intermediate stages
indicated the presence of monoallylated compound in the
range of 5—7% together with the starting material and
bisallylated compound. It was also found that allylation of
monoallyl ethyl acetoacetate by this procedure was complete
within 1.5 h (entry 4, Table 1) compared to 7 h required for
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Table 1. Allylation of Active Methylene Compounds by Allyl Table 2. Comparative Results of Allylation in Different

Acetate Catalyzed by Pd(0) Nanoparticle in THF Solvents
7 o) 0 o]
E PdCl,, TBAB  E R
} * RTNTN0A koo, THE E;><:£ , _~_OACcPdCl; TBAB . /
E R Et K:CO3  EtO. M= N
entry ', 2 R time (h) yield (%)?  ref \o A E) (\3 B
1 COMe, COMe H 6 82 2c . .
solvent A:B* time (h) yield (%)
2 COMe, COEt H 7 88 8
THF 00:100 7 88
3 CO4Et, COsEt H 12 75 9 CHsCN 30:70 5 55
0 toluene 00:100 9 82
4 o H 15 85 8 DMF 25:75 7 70
S H20 80:20 8 72
8 DCM 00:100 9 80
5 8 aThe ratio ofA andB was determined by integration of peaks in the
Et H 1.5 90 NMR spectra.
\!
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N CHCly, 11,12 h
O AN ’ A
/O 2) e}
OO
\
O/o nanoparticle was formed from the reduction of PAg/ the
8 H 65 85 2 alkene m0|ety of aI_Iy_I acetafs. The sIL_Jrry of palladium
4 nanoparticles remaining after extraction of product was
o CC()DQMe evaporated under vacuum to leave a dust of residue, which
o i‘:( H 5 70 - showed the presence of metallic Pd by XRD (Figure 3). This
10 COMe, COMe Me 9 750 10
11 COMe, COMe  Me 9.5 720
12 COMe, COMe Ph 10 85 10 d
13 COMe, COEt Ph 11 81 10
o}
V7,
d
14 Ph 9 76 13 ! M
\ OAc ‘
0 Va
15 CQMe, COMe 11 72 f T T T T T T T T T T
T cooMe Qhe 31 40 50 Bl 70 2D
16 @ ol 7 8 Figure 3. Powder XRD pattern with characteristic dihedral angles
at 40.119°%nd 46.65corresponding to Pd stabilized by TBAB in
aYields refer to those of purified products characterized byHR,and the recovered Pd residue.
13C NMR spectroscopic datdMixture of E andZ isomers (90:10 byH

NMR).

solid was equally effective for three subsequent runs without

. : . any loss of efficiency (Figure 4).
bisallylation starting from ethyl acetoacetate (entry 2, Table Interestingly, when the reaction was carried out isOH

1). This ind?cates that bisa_lllylation is much_ faster than the monoallylation took place selectively. The results are
monoallylation step, restrlctlng acgumulauon of monoal- reported in Table 3. However, this reaction was not very
lylated compound in the reaction mixture. general. The reaction proceeded successfully only with allyl
The reactions were very clean and bisallylated products acetate; cinnamyl acetate and crotyl acetate failed to produce
were the only isolable compounds. The bisallylated com- any allylated product. However, the selectivity was quite
pounds are very useful synthons, and we showed a repre-high; only in one example (entry 2, Table 3) was 20% of
sentative example of the conversion of this compound to the bisallylated product formed out of four types of sub-
spiro annulated product by Grubbs’ catalyst (eq 1). THF was strates.
found to be the solvent of choice for the formation of = The analysis of results of allylation of all substrates
bisallylated product in high yields based on comparison of included in Tables 1 and 3 revealed that the additions were
reaction results with other solvents (Table 2). Palladium(0) highly regioselective. When allyl acetate was used terminal
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Scheme 2. Possible Mechanism of Monoallylation in Water
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Figure 4. Recyclability Chart.
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alkenes were produced (entries9, Table 1 and entries

14, Table 3), whereas substituted allyl acetates provided monoallylation in water is successful only for allyl acetate

and fails for other acetates. The steric factor may have a
role

_ The present procedure has its own distinction from others.
Table 3. Allylation of Active Methylene Compounds by Allyl The reaction is carried out in one pot including preparation
Acetate Catalyzed by Pd(0) Nanoparticle ipH of nano Pd(0) by a very simple and convenient means. The
e o TAB E;>_\» A se!ective monoallylation ano! bisallylation were achieved by
> + ~_OAc 2, B — using HO and THF, respectively, and thus pure mono- and
2 KCOs H20 E‘>C< 5 bisallylated products were obtained. Usually either monoal-
E2 N\ lylated product or a mixture of mono- and bisallylated
entry g1 g2 time (h) AB yield (%2 Tef products was obtained with other reagents except [Cp*RuCl-
1 COMe COMe 9 10000 g6 % (cod)]3ab whi(;h provide bisallylated product;. o
2 CoMe COEl 8 6020 7 2 In conclu5|orj, the present . protocql using an in situ
’ ' prepared palladium(0) nanoparticle provides a convenient and
3 COELCOEt 12 100:00 75 1 efficient procedure for allylation of active methylene com-
4 Q ; 10000 70 12 pounds by allyl acetate. The significant improvements offered
’ by this procedure are operational simplicity, achievement of
o selective mono- or bisallylation inJ® or THF, respectively,
2Yields refer to those of purified products characterized by'H,and hlgh reglpselectlvny n the formation of products, high
13C NMR spectroscopic data. isolated yields, and reusibility of catalyst. To the best of our

knowledge, this strategy for the solvent controlled selective
allylation of active methylene compounds by allyl acetate
internal alkenes (entries #16, Table 1). We speculate that involving Pd(0) nanoparticles is novel and not reported
Pd(O) nanoparticle combines with allyl acetate to form an earlier.

ne-allyl-Pd(l1)-complex1 which then reacts with an active
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leading to monoallylation and bisallylation, respectively, may
be explained by the fact that,8 hydrate¥ the Pd(ll) in
complex1, weakening the coordination of Pd withFO,
thereby decreasing the acidity at the methine center to go
for further allylation. However, in nonagueous medium
having no such effect bisallylation is favored. THF was found
to be the best solvent toward bisallylation as mentioned
earlier (Table 2). However, it is not clear to us why the OL702099Vv
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