Published on 24 August 2009. Downloaded on 27/10/2014 08:21:29.

COMMUNICATION

View Article Online / Journal Homepage / Table of Contentsfor thisissue

www.rsc.org/chemcomm | ChemComm

Magnetic nanoparticle-supported Hoveyda—Grubbs catalysts

for ring-closing metathesis reactionst

Chao Che,** Wenzhao Li,” Shengyue Lin,” Jiwei Chen,” Jie Zheng,” Jiun-chen Wu,”

wab

Qunxiong Zheng,” Guoging Zhang,” Zhen Yang

and Biwang Jiang*?

Received (in Cambridge, UK) 18th June 2009, Accepted 3rd August 2009

First published as an Advance Article on the web 24th August 2009

DOI: 10.1039/b911999j

Magnetically recyclable Hoveyda—Grubbs catalyst can be
readily assembled using magnetic nanoparticles as support,
and this catalyst combines convenient recyclability and excellent
activity on ring-closing metathesis (RCM) reactions.

The Grubbs-type' and Hoveyda—Grubbs-type® catalysts are
the most widely used catalysts in ring-closure metathesis
(RCM). They are extraordinarily versatile to tolerate a variety
of functional groups in the alkenes and are compatible with a
wide range of solvents. Despite these advantages, the separation
of the soluble catalyst from the product and any reaction
solvent remains difficult. Current effort® toward solving the
problem is focused on anchoring catalysts to solid or soluble
matrices via ligand exchange.* In this context, immobilized
catalysts offer inherent operational and economic advantages
over their homogeneous counterparts.

During recent years we have witnessed a significant progress
on nanoparticle catalysis because the nanoparticle-based
catalysts not only show superior catalytic activities to their
corresponding bulk materials,® but also increase their loading
capacity. However, one issue associated with the application
of nanoparticle-based catalysis is the removal of the catalysts
from the reaction system by conventional methods, such as
filtration, which frequently leads to the blocking of filters and
valves (Fig. 1).

Recently, magnetic nanoparticles (MNPs)® emerged as new
catalyst supports because of their facile separation from the
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Fig. 1 Illustration of the separation of magnetic nanoparticle
catalysis from the reaction system in RCM reaction.
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Fig. 2 (a) TEM image of magnetic nanoparticles; (b) magnetization
curves of magnetic nanoparticles.

reaction mixture with the aid of an external magnet.” In this
respect, the development of an MNP catalysts based on
ruthenium carbene complexes would find a wide range of
applications both in academia and industry. Herein, we report
our recent effort in developing a magnetic nanoparticle-
supported Hoveyda—Grubbs ruthenium carbene complex for
promoting RCM reactions, which lead to a convenient
synthesis of five-, six- and seven-membered carbocycles or
heterocycles in high yields.

The method utilized for the preparation of magnetic
nanoparticles (iron oxide) was reported by Hyeon,® and the
procedure allowed us to prepare monodispersed iron oxide
nanoparticles (about 10 nm) in a narrow range of particle-size
distribution. The formed magnetic nanoparticles were
characterized by transmission electron microscopy (TEM),
and the TEM image of the nanoparticles (Fig. 2(a)) shows
that they are relatively uniform with an average size of 10 nm.
The magnetic behavior of the magnetic nanoparticles was
investigated using a Magnetic Properties Measurement
System-5 (MPMS, Quantum Design) magnetometer. The
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Scheme 1 Synthesis of magnetic nanoparticle-supported catalyst 3.
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field-dependent magnetization curve at 300 K reveals that the
catalyst is superparamagnetic with a saturation magnetization
of 36.5 emu g~ ' (Fig. 2(b)). Surface modification of magnetic
nanoparticles with amino groups was then carried out using
organic silane bifunctional groups (3-aminopropyltriethoxy-
silane, APTS), which served as robust anchors to immobilize
the functional ligands on the iron oxide shells of the magnetic
nanoparticles. The resulting amino-functionalized particles
had an amino group loading level of 0.28 mmol g~".

Scheme 1 shows the synthesis of the magnetic nanoparticle
supported Hoveyda—Grubbs catalyst. Ligand 1*° was coupled
to the magnetic nanoparticles under standard conditions to
form 2, which was then treated with the first-generation
Grubbs catalyst in the presence of CuCl to provide the desired
magnetic Hoveyda—Grubbs catalyst 3 as a purple powder.
The Ru loading level of the obtained magnetic catalyst as
determined by ICP-AES is 0.025 mmol g~ .

To test the efficiency and reactivity of the new magnetic
catalyst 3 in the RCM reaction, substrates 4-12 were treated
with one single batch of catalyst 3 (2.5 mol%) in consecutive
manner in CH,Cl, at 40 °C, and the corresponding products
4p—12p were obtained in excellent yields (Table 1).

Table 1 Activity of magnetic catalyst 3 in RCM reactions”
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“ Conditions: substrate (0.5 mmol) and catalyst 3 (2.5 mol%) in
CH,Cl, (5 ml) at 40 °C for 2 h (cycles 1-3) and 12 h (cycles 4-9).
?Determined by 'H NMR.

Table 2 Experiments for recycle of magnetic catalyst 3

/\/ Magnetic Catalyst 3 (2.5 mol %)
Ts—N, Ts—N_ |

CHyCl,, 40 °C
\4/\ Gl 4p

cycle 1-13 14 15 16 17 18 19 20 21 22

conversion >98% 96% 97% 97% 96% 97% 96% 96% 97% 95%

Conditions: 4 (0.5 mmol) and catlyst 3 (2.5 mol%)in CH,Cl, (5 mL) at 40 °C for
2h (cycle 1-13), 4h (cycle14-18) and 10h (cycle 19-22).

Ts—N Magnetic Catalyst 3 (2.5 mol %)
U Ts—N
10 k\ ¥V

\ CH,Clp, 40 °C 10p

cycle 1-10 " 12 13 14 15 16 17 18

conversion  >98%  98% 98% 96% 98% 96% 96% 96% 96%

Conditions: 10 (0.5 mmol) and catlyst 3 (2.5 mol %)in CH,Cl; (5 ml.) at 40 °C for
2 h (cycle1-10), 4 h (cycle11-13) and 6 h (cycle 14-18).

For evaluation of recyclability, substrates 4 and 10 were
selected, and the RCM reactions were run with recycled
catalyst 3 up to 22 times. The results as illustrated in Table 2
show almost no loss of the catalytic efficiency.

It is worthwhile to mention that after the reaction, the
catalyst was simply collected using a magnetic bar, and
the reaction mixture was then transferred out of the flask.
The isolated catalyst was washed twice with CH,Cl, and then
employed in the next reaction under nitrogen.

In summary, we have developed a novel type of Hoveyda—
Grubbs catalyst by assembling magnetic nanoparticles with
Grubbs 1 catalyst. This type of catalyst was found to be
effective in the synthesis of a series of cyclic olefins, and found
to be active with no loss of catalytic efficiency after repeated
use. We expect this type of magnetic nanoparticle-based
catalyst to find broad applications in organic synthesis.

This work is supported by grants of the National Science
Foundation of China (20325208, 20672004 and 20521202).

Notes and references

1 Grubbs I, II catalyst, see: (¢) S. T. Nguyen, L. K. Johnson,
R. H. Grubbs and J. W. Ziller, J. Am. Chem. Soc., 1992, 114,
3974; (b) P. Schwab, M. B. France, J. W. Ziller and R. H. Grubbs,
Angew. Chem., Int. Ed. Engl., 1995, 34, 2039; (¢) Z. Wu,
S. T. Nguyen, R. H. Grubbs and J. W. Ziller, J. Am. Chem. Soc.,
1995, 117, 5503; (d) M. Scholl, S. Ding, C. W. Lee and
R. H. Grubbs, Org. Lett., 1999, 1, 953.

2 Hoveyda catalyst, see: () J. S. Kingsbury, J. P. A. Harrity,
P. J. Bonitatebus and A. H. Hoveyda, J. Am. Chem. Soc., 1999,
121, 791; (b) S. B. Garber, J. S. Kingsbury, B. L. Gray and
A. H. Hoveyda, J. Am. Chem. Soc., 2000, 122, 8168.

3 For recent reviews for supported metathesis catalysts, see:
(a) C. Copéret and J. M. Basset, Adv. Synth. Catal., 2007, 349, 78;
(b) M. R. Buchmeiser, Chem. Rev., 2009, 109, 303; (¢) P. Sledz,
M. Mauduit and K. Grela, Chem. Soc. Rev., 2008, 37, 2433.

4 Selected examples for phosphine exchange, see: (¢) S. T. Nguyen
and R. J. Grubbs, J. Organomet. Chem., 1995, 497, 195;
(b) F. Verpoort, P. Jacobs, D. De Vos and K. Melis, J. Mol.
Catal. A, 2001, 169, 47; for N-heterocyclic carbene ligand exchange,
see: (¢) S. C. Schiirer, S. Gessler, N. Buschmann and S. Blechert,
Angew. Chem., Int. Ed., 2000, 39, 3898; (d) M. Mayr, B. Mayr and
M. R. Buchmeiser, 4Angew. Chem., Int. Ed., 2001, 40, 3839;

This journal is © The Royal Society of Chemistry 2009

Chem. Commun., 2009, 5990-5992 | 5991


http://dx.doi.org/10.1039/b911999j

Published on 24 August 2009. Downloaded on 27/10/2014 08:21:29.

View Article Online

(e) S. Priths, C. W. Lehmann and A. Fiirstner, Organometallics,
2004, 23, 280; (f) S. H. Hong and R. H. Grubbs, J. Am. Chem. Soc.,
2006, 128, 3508; for halogen exchange, see: (g) J. O. Krause,
S. H. Lubbad, O. Nuyken and M. R. Buchmeiser, Adv. Synth.
Catal., 2003, 345, 996; (h) T. S. Halbach, S. Mix, D. Fischer,
S. Maechling, J. O. Krause, C. Sievers, S. Blechert, O. Nuyken
and M. R. Buchmeiser, J. Org. Chem., 2005, 70, 4687;
(i) D. C. Braddock, K. Tanaka, D. Chadwick, V. P. W. Béhm
and M. Roeper, Tetrahedron Lett., 2007, 48, 5301; for alkylidene
exchange, see: (j) A. G. M. Barrett, S. M. Cramp and R. S. Roberts,
Org. Lett., 1999, 1, 1083; (k) L. Jafarpour and S. P. Nolan,
Org. Lett., 2000, 2, 4075; (/) L. Jafarpour, M. P. Heck, C. Baylon,
H. Man Lee, C. Mioskowski and S. P. Nolan, Organometallics,
2002, 21, 671; for Hoveyda-type alkylidene exchange, see:
(m) S. J. Connon, A. M. Dunne and S. Blechert, Angew. Chem.,
Int. Ed., 2002, 41, 3835; (n) Q. Yao and Y. Zhang, J. Am. Chem.
Soc., 2004, 126, 74; (0) Q. Yao and A. R. Motta, Tetrahedron Lett.,
2004, 45, 2447; (p) A. Michrowska, K. Mennecke, U. Kunz,
A. Kirschning and K. Grela, J. Am. Chem. Soc., 2006, 128, 13261;
(¢9) S. W. Chen, J. H. Kim, C. E. Song and S. G. Lee, Org. Lett.,
2007, 9, 3845; (r) A. Kirschning, K. Harmrolfs, K. Mennecke,
J. Messinger, U. Schon and K. Grela, Tetrahedron Lett., 2008, 49,
3019.

Nanoparticles have been employed as catalyst supports, see:
(a) K. Marubayashi, S. Takizawa, T. Kawakusu, T. Arai and
H. Sasai, Org. Lett., 2003, 5, 4409; (b) F. Ono, S. Kanemasaa and
J. Tanaka, Tetrahedron Lett., 2005, 46, 7623.

For recent reviews for applications of MNPs, see: (¢) A. H. Lu,
L. Salabas and F. Schiith, Angew. Chem., Int. Ed., 2007, 46, 1222;
() Y. W.Jun, J. S. Choi and J. Cheon, Chem. Commun., 2007, 1203.
Recently magnetic nanoparticles have been utilized as catalyst supports,
see: (a) A. H. Lu, W. Schmidt, N. Matoussevitch, H. Bénnemann,
B. Spliethoff, B. Tesche, E. Bill, W. Kiefer and F. Schiith, Angew.
Chem., Int. Ed., 2004, 43, 4303; (b)) H. M. R. Gardimalla,

D. Mandal, P. D. Stevens, M. Yen and Y. Gao, Chem. Commun.,
2005, 4432; (¢) A. Hu, G. T. Yee and W. Lin, J. Am. Chem. Soc.,
2005, 127, 12486; (d) Y. Zheng, P. D. Stevens and Y. Gao, J. Org.
Chem., 2006, 71, 537; (¢) D. Lee, J. Lee, H. Lee, S. Jin, T. Hyeon and
B. M. Kim, Adv. Synth. Catal., 2006, 348, 41; (f) R. Abu-Rezig,
H. Alper, D. Wang and M. L. Post, J. Am. Chem. Soc., 2006, 128,
5279; (g) N. T. S. Phan, C. S. Gill, J. V. Nguyen, Z. J. Zhang and
C. W. Jones, Angew. Chem., Int. Ed., 2006, 45, 2209; () C.-H. Jun,
Y. J. Park, Y.-R. Yeon, J. Choi, W. Lee, S. Ko and J. Cheon, Chem.
Commun., 2006, 1619; M. Kawamura and K. Sato, Chem. Commun.,
2006, 4718; (i) S. Z. Luo, X. X. Zheng, H. Xu, X. L. Mi and
L. Zhang, Adv. Synth. Catal., 2007, 349, 2431; (j) B. Baruwati,
D. Guin and S. V. Sanorama, Org. Lett., 2007, 9, 5377,
(k) M. Shokouhimehr, Y. Piao, J. Kim, Y. Jang and T. Hyeon,
Angew. Chem., Int. Ed., 2007, 46, 7039; (/) G. Chouhan, D. Wang
and H. Alper, Chem. Commun., 2007, 4809; (m) G. H. Lv,
W. P. Mai, R. Z. Jin and L. X. Gao, Synlett, 2008, 1418;
(n) J. M. Liu, X. G. Peng, W. Sun, Y. W. Zhao and C. G. Xia,
Org. Lett., 2008, 10, 3933; (0) R. Abu-Reziq, D. Wang, M. Post and
H. Alper, Chem. Mater., 2008, 20, 2544; (p) A. Schaetz, R. N. Grass,
W. J. Stark and O. Reiser, Chem.—Eur. J., 2008, 14, 8262;
(¢9) S. Z. Luo, X. X. Zheng and J. P. Cheng, Chem. Commun.,
2008, 5719; (r) V. Polshettiwar and R. S. Varma, Org. Biomol.
Chem., 2009, 7, 37; (s) B. Baruwati, V. Polshettiwar and
R. S. Varma, Tetrahedron Lett., 2009, 50, 1215; () X. B. Zhang,
J. M. Yan, S. Han, H. Shioyama and Q. Xu, J. Am. Chem. Soc.,
2009, 131, 2778; (1) V. Polshettiwar and R. S. Varma, Chem.—Eur.
J., 2009, 15, 1582; (v) X. X. Zheng, S. Z. Luo, L. Zhang and
J. P. Cheng, Green Chem., 2009, 11, 455; (w) Y. Zhang, Y. W. Zhao
and C. G. Xia, J. Mol. Catal. A: Chem., 2009, 306, 107;
(x) O. Gleeson, R. Tekoriute, Y. K. Gun’ko and S. J. Connon,
Chem.—Eur. J., 2009, 15, 5669.

J. Park, K. An, Y. Hwang, J. Park, H. Noh, J. Kim, J. Park,
N. Hwang and T. Hyeon, Nat. Mater., 2004, 3, 891.

5992 | Chem. Commun., 2009, 5990-5992

This journal is © The Royal Society of Chemistry 2009


http://dx.doi.org/10.1039/b911999j

