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ABSTRACT
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Palladium and cobalt nanoparticles immobilized on silica have been used as catalyst in a sequential allylic alkylation and Pauson—Khand
reaction to form bicyclic enones.

One of the challenging goals of synthetic chemistry is to the synergistic effect between the different metal atoous
discover reactions and strategies that allow for the facile not for a sequential reaction of two specific reactions
conversion of simple compounds into complex molecules. corresponding to two different metals. We envision that
In this regard, a variety of homogeneous catalysts have beercatalytic multistep one-pot reactions can be carried out by
used. Recently, the use of bimetallic catalysts (a combinationthe use of bi- or poly-metallic nanoparticles as catalysts.
of two catalysts) or bifunctional single catalysts in one-pot  We herein report the use of immobilized-palladium and
reactions has been developged. cobalt nanoparticles on silica in the sequential allylic
Many transition-metal nanoparticles are highly active alkylation and Pauson—Khand reaction. This strategy pro-
heterogeneous catalysts partly as a result of their highvides a facile methodology for the construction of bicyclic
surface-to-volume ratid Recently, bimetallic nanoparticles enones from easily available simple molecules. To the best
have come to be of special interfebecause they may have of our knowledge, this is the first report of the use of
great potential to be tailored with respect to the activity, immobilized bimetallic nanoparticles in two conceptually
selectivity, and stability of numerous possible combinations. different catalytic reactions in a one-pot reaction. Recently,
The known combinations of bimetallic nanoparticles have 3) (a) Toshima, N.; Yonezawa, New J. Chem1998, 1179—1201.

been used as catalysts for a specific single reaction utilizing (5) Chen, D.-H.; Chen, C.-3. Mater. Chem2002, 12, 1557—1562. (c)
Nashner, M. S.; Frenkel, A. I.; Somerville, D.; Hills, C. W.; Shapley, J. R.;

(1) (a) Bamhart, R. W.; Barzan, G. @. Am. Chem. So0d 998, 120, Nuzzo, R. GJ. Am. Chem. S04.998,120, 8093—8101. (d) Reetz, M. T;
1082—1083. (b) Jeong, N.; Seo, S. D.; Shin, JJYAm. Chem. So2000, Winter, M.; Breinbauer, R.; Thurn-Albrecht, T.; Vogel, \@hem. Eur. J.
122, 10220—10221. (c) Evans, P. A.; Robinson, JJ.EAm. Chem. Soc. 2001,7, 1084—1094.
2001,123, 4609—4610. (4) (a) Coloma, F.; Llorca, J.; Homs, N.; de la Piscina, P. R.; Rodriguez-
(2) (@) Rao, C. N. R.; Kulkarni, G. U.; Thomas, P. J.; Edwards, P. P. Reinoso, F.; Sepulveda-Escribano, Rhys. Chem. Chem. Phy2000,
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Inorg. Chem.2001,10, 2455—2480 1998,4, 1214—1224.

10.1021/0l027089t CCC: $22.00  © 2002 American Chemical Society
Published on Web 11/06/2002



we reportel a sequential allylic alkylation and Pausen  yield. However, a prolonged reaction time (entry 3) did not
Khand reaction catalyzed by a combination of cobalt improve the yield. When we used NaHg&s a base in THF,

nanoparticles and Pd(ll) catalyst. the yield decreased slightly to 78%. Use of BSA as a base
The palladium nanoparticles immobilized on silica (1 wt afforded only 23% of the product. When,®80O; was used
% of Pd) were prepared by the reaction of Pd(QA®ith as a base in a mixture of THF and water (v/v, 5:1), no

colloidal silica in a mixture solvent of ethanol and toluene reaction was observed. Interestingly, when DMF was used
(viv, 6:94)% An HRTEM study showed that each nanoparticle as a reaction solvent (entry 7), 2-allyl-hex-4-ynoic acid
was immobilized on silica. There were no agglomerations methyl ester was obtained as the sole produuring the
between different metals. reaction, one of the ester groups was removed.

We first tested the allylic alkylation catalyzed by Pd We next synthesized palladium and cobalt nanoparticles
nanoparticles. Although carbon—carbon bond formations immobilized on silica PCNS) to use as a catalyst in the
catalyzed by palladium nanoparticles are well-known in catalytic sequential allylic alkylation and Pausgfhand
Suzuki couplings and Heck reaction,as far as we are  reaction. ThePCNS (14.5 wt % of Co and 1 wt % of Pd)
aware, this is the first palladium nanoparticle catalyzed allylic was prepared by refluxing Pd on silica with colloidal coBalt
alkylation. in ethanot! and was analyzed by TEM (and EDS). The

We screened the reaction conditions including reaction HRTEM (Figure 1) suggested that the bimetallic nano-
medium, base, and reaction time for Pd-catalyzed allylic particles are in the cluster-in-cluster structure.
alkylation (Table 1). The best yield (89%, entry 2) was

Table 1. Allylic Alkylation under Various Conditions

MeO,C_ / —— CH, PCNS MeO,C i__ CH,
Ry

MeO,C O veoC
entry solvent base time (h) yield (%)P
1 THF NaH 3 46
2 THF NaH 6 89
3 THF NaH 10 88
4 THF K2COs 6 nr Figure 1. HRTEM image ofPCNS catalyst.
5 THF BSA 6 23
6 THF NaHCOs 6 78
7 DMF NaH 6 87¢ We investigated the catalytic sequential allylic alkylation
8 CH.Cl,  NaH 6 60

and the Pauson—Khand reaction usP@NS as a catalyst
aReaction condition: substrate (0.54 mmol) and PCNS (0.10 g). under various reaction conditions and also studied the
blsolated yield.c 2-Allyl-hex-4-ynoic acid methyl ester. reusability of the recovereBCNS (Table 2)
Entry 3 shows that thd®CNS is very active with an
isolated product yield of 88% at 13 and a CO pressure

obtained when the reaction was carried out in THF and using
NaH as a base for 6 h. Compared to a short reaction time,
(entry 1), a long reaction time (entry 2) assisted the reaction

Table 2. Sequential Allylic Alkylation and PauserKhand

(5) Son, S. U.; Park, K. H.; Chung, Y. K. Am. Chem. S02002,124, Reactior
6838—6839.

(6) (a) Horvath, A.; Beck, A.; Sarkany, A.; Guczi, Bolid State lonics _ CH,
2002,148, 219—225. (b) Dried colloidal silica (1.0 g, Aldrich Chemical ~ MeO,C — CH, PCNS MeO.C
Co., LUDOX HS-30) was suspended in 100 mL of ethanol and toluene —_— 2 o
(vlv, 6:94) for 10 h. To the suspended solution was added Pd(3A€)21 MeO.C /\/OAC
g). The resulting solution was stirred at room temperature for 12 h, filtered, 2 MeO,C
and dried.

(7) (@) Moreno-Manias, M.; Pleixats, R.; Villarroya, Stganometallics o .
2001,20, 4524—4528. (b) Li, Y.; Boone, E.; El-Sayed, M. Bangmuir entry catalyst CO (atm) temp (°C) yield (%)
2002,18, 4921—-4925. (c) Kim, S. W.; Kim, M.; Lee, W. Y.; Hyeon, T..

Am. Chem. So002, 124, 7642—7643. (d) Kogan, V.; Aizenshtat, Z.; 1 PCNS > 130 45
Popovitz-Biro, R.; Neumann, FOrg. Lett.2002,4, 3529—3532. 2 PCNS 10 110 69
(8) (a) Le Bars, J.; Specht, U.; Bradley, J. S.; Blackmond, DLaagmuir 3 PCNS 10 130 88
2000154, 30-44, (&) Bils A Zotca, M. Basalo, M. Mol Catal A recoveredfrom3 10 130 52
,154, . (c) Biffis, A.; Zecca, M.; Basato, Ml. Mol. Catal.
2001.173, 249—274. (d) Rocaboy, C.: Gladysz, J.@xg. Lett. 2002, 4, 5  recovered from 4 10 130 49
1993—1996. (e) Walter, J.; Heiermann, J.; Dyker, G.; Hara, S.; Shioyama, 6 recovered from 5 10 130 23
H. J. Catal.2000,189, 449—455. (f) Kogan, V.; Aizenshtat, Z.; Popovitz- 7 recovered from 6 10 130 17
Biro, R.; Neumann, ROrg. Lett.2002,4, 3529—3532. (g) Galow, T. H;
Drechsler, U.; Hanson, J. A.; Rotello, V. MChem. Commur2002, 1076. aReaction conditions: substrate (0.54 mmol), NaH (0.8 mmol), and
(h) Yeung, L. K.; Lee, C. T.; Johnston, K. P.; Crooks, R. @hem. PCNS (0.10 g), THF? Isolated yield.
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of 10 atm. Thus, the?CNS catalyst is more active than || NG

heterqgeneous catalysts (130 and 20 atm (,:_O) based on Table 3. Sequential Allylic Alkylation and PauserKhand
metallic cobalt supported on mesoporous silica or charcoal. Reaction with Various Substrates

However, when either the reaction temperature was decreased ——
to 110°C or the CO pressure was lowered to 5 atm, the — bt products Yoot
catalytic activity was found to decrease (entries 1 and 2). Me0,C_ /—==—"CH, MeO,C

Thus, to preserve a high catalytic activity, the reaction ' ) A
temperature and CO pressure have to be maintained at a

minimum of 130°C and 10 atm of CO, respectively. To Meozcy%au one Meozc><:i%o
check the recyclability, the catalyst was separated and reused * i 8

88
MeO,C MeOc

2 9
5
(o]

. Me0,C MeO,c
5 times (entry 3—7). TIPS

The PCNS catalyst sustained a degree of activity after MeO,C = s oA MeOzC%

. . - . 3 N o 84

three cycles, with 49% product yield being obtained. An ICP- Me0,C MeOg
AES study shows that the percentages of cobalt and o R Moo
palladium bleed fronPCNS after the first catalytic run were VA ot y OZC o .
0.9% of the original cobalt and 36% of the original Me0,C ‘
palladium, respectively. Compared to the case of palladium,

the leaching of cobalt was negligible. [ P
Owing to the bleeding of Pd, the reusability of RENS
was greatly damaged. However, the yield of the second run — o
was 53% and that of the third run was 49%. Thus,REINS 6 TsN A TSN
may be used at least three times with moderate to high yields.
Next we investigated the versatility of the alkynes and
nucleophiles (Table 3). The catalytic reaction (entriesS]1
was quite effective with substituted enynes and allylic acetate.

Especially when cyclic allyl acetate was used (entry 4), @ panoparticles immobilized on solid support have great

tricyclic enone was obtained in 73% yield. The heteroatom potential to be tailored with respect to the activity, selectivity,
tethered substrates were tested to generate the corresponding,q stability of their numerous combinations.

products in high yields (entries 5 and 6).

In conclusion, we have shown that bimetallic Pd/Co  Acknowledgment. Y.K.C. is grateful for financial support
nanoparticles immobilized on solid support can be used asfrom KOSEF (1999-1-122-001-5) and the KOSEF through
multicomponent catalyst systems as well as multifunctional the Center for Molecular Catalysis at Seoul National
catalysts. It has been demonstrated that the bimetallic University, and K.H.P. acknowledges receipt of the Brain
Korea 21 fellowship.
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a Reaction condition: THF, NaH, substrate (0.54 mmol), PCNS (0.10
g), 130°C, 10 atm CO, 18 h?Isolated yield.
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