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ABSTRACT

Chiral monomer

polymerization
R R
PH COOEt

p-cym /'** up to 85% ee

A chiral pyridine-bis(oxazoline) ligand, functionalized with a vinyl group in the pyridine ring, can be polymerized with styrene and divinylbenzene
to obtain supported chiral ligands. As proof of the usefulness of this supported ligands, the corresponding ruthenium complexes are catalysts
for the cyclopropanation reaction of styrene with ethyl diazoacetate with up to 85% ee.

The development of new chiral heterogeneous catalysts togeneous catalysts for several reactions. Cationic bis(oxazo-
promote enantioselective reactions is a field of growing line) complexes have been immobilized onto inorganic,
interest as a result of the applications of heterogeneousorganic, and hybrid anionic suppofts.

catalysts in the industrial preparation of fine chemicals and  Bjs(oxazoline) ligands have been covalently bonded to
specialities: The most widely used strategy to prepare chiral insoluble organitand inorganic materiafsas well as soluble
heterogeneous catalysts is the immobilization of chiral polymers: The closely related azabis(oxazoline) ligands have
complexes onto insoluble supports. Given that the im- peen immobilized by grafting onto a soluble organic
mobilization process requires synthetic effort, it is of interest polymer¢ Finally, the recovery of bis(oxazolinefopper
to design general strategies that allow the immobilization of catalysts used in ionic liquids has also been descritfedm
chiral ligands with wide applicability. In this regard, the the same family of ligandsC,-symmetric pyridine-bis-
immobilization of chiral catalysts based on bis(oxazoline) (oxazoline) (pybox) compounds have shown their utility as
ligands has received a great deal of attention in recent yearsgrigentate ligands in many asymmetric organic reactfons.
and has led to the development of efficient chiral hetero- However, the immobilization of this type of chiral ligand
t Universidad Publica de Navarra. has not been described to date. In this communication, we
ggggve:sigag ge erlralgoza—C.S.I.C. describe the first strategy to immobilize _pybox t_)y formation
1) (;ecﬁirgl Ce?tglygts-lmmobilization and Recyclinge Vos, D. E; of a covalent bond between the pyridine ring and the

Vankelecom I. F. J.; Jacobs, P. A., Eds.; Wiley-VCH: Weinheim, 2000. insoluble support.

(b) Clapham, B.; Reger, T. S.; Janda, K. Tetrahedron2001,57, 4637. : : -
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12001, 3085. introduction of a vinyl group into the pybox ligand, with
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the aim of preparing polymers using the chiral ligand as a

co-monomer. The similarity in the reactivities of 4-vinylpy-

ridine and styrene, and the fact that 4-position in the pyridine

ring of pybox is free, prompted us to try the introduction of
a vinyl group in that position by means of a Stille coupling
reaction.

from that described in the literatufeis represented in
Scheme 1. Bromination of chelidamic acit)) (vith POBg
led to 4-bromopyridine-2,6-dicarboxylic aci@)( This acid
was used in the synthesis of diamiglevith (S)-valinol. The
4-bromopybox5 was obtained in two steps by substitution

of the hydroxyl groups by chloride groups and subsequent

cyclization with sodium hydride. The desired 4-vinylpybox
7 could be prepared either by direct reaction Hfwith
tributylvinyltin in the presence of a palladium catalysts or
by reaction of intermediaté and cyclization of the resulting
vinyldiamide 6. Vinylpybox 7 was used in different block

copolymerizations with styrene and divinylbenzene using a

porogen and AIBN as a radical initiator, according to the

general protocol described by Fréchet for the preparation of

monolithic resing? Three different polymers{1—P3) were
obtained from vinylpybox by changing the degree of cross-
linking and the porogen (Table 1). In all cases, the pybox
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J.; McMorn, P.; Bethell, D.; Bulman-Page, P. C.; Hancock, F. E.; King, F.;
Hutchings, G. JJ. Chem. Soc., Perkin Trans.2001, 1714.
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Luis, S. V.; Mayoral, J. AOrg. Lett.2000,2, 3905. (b) Fernandez, M. J,;
Fraile, J. M.; Garcia, J. |.; Mayoral, J. A.; Burguete, M. |.; Garcia-Verdugo,
E.; Luis, S. V.; Harmer, M. ATopics Catal.2000, 13, 303. (c) Orlandi,
S.; Mandoli, A.; Pini, D.; Salvadori, FAngew. Chen001,113, 2587. (d)
Hallman, K.; Moberg, CTetrahedron: Asymmetr2001, 12, 1475. (e)
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Chem. Lett2002,12, 1821. (f) Reiser, OChim. Oggi2002, 73.
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It was therefore necessary to first prepare the
corresponding 4-bromopybox. The synthetic pathway, adapted
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a Reagents and conditions: (a) PQBrhlorobenzene, reflux, 14
h (55%); (b) oxalyl chloride, CkCly, rt, 7 h (90%); (c) §-valinol,
NEts, CH.Cly, rt, 24 h (75%); (d) SOG]| chloroform, reflux, 1.5 h
(70%); (e) NaH, THF, °C, 45 min (70%); (f) tributylvinyltin,
Pd(PPB).Cl,, toluene, 60°C, 6 h (55%); (g) NaH, THF, 438C,
1.5 h (65%); (h) tributylvinyltin, Pd(PRJxCl,, toluene, 75C, 1 h
(65%).

ligand was incorporated into the polymer with high yield
(75—95%), as shown by the elemental analysis data. The
polymers were also characterized by IR spectroscopy, with
the spectra showing in all cases the typical bands corre-
sponding to the pybox ligand (1640 and 1599 émThese
polymers were transformed into immobilized ruthenium
catalysts by treatment with [Rusfib-cymene)]. According

to metal analyses, about 560% of the chiral pybox was
functionalized with Ru, which seems to indicate that a
significant proportion of the ligand is situated in inaccessible
sites within the polymer. This situation is particularly evident
in the case ofP3, in which Ru functionalization is even
lower. Another polymeric catalystP@) was obtained by

(10) (a) Svec, F.; Fréchet, J. M.GQhem. Mater1995,7, 707. (b) Svec,
F.; Fréchet, J. M. JScience1996,273, 205. (c) Xie, S.; Svec, F.; Fréchet,
J. M. J.Chem. Mater1998,10, 4072. (d) Svec, F.; Fréchet, J. M.ldd.
Eng. Chem. Re4999 38, 34. (e) Hird, N.; Hughes, |.; Hunter, D.; Morrison,
M. G. J. T.; Sherrington, D. C.; Stevenson,Tletrahedronl 999,55, 9575.
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Table 1. Polymers Used in This Wotk Table 2. Results Obtained in the Cyclopropanation Reaétion

polymerization

ixture (% I/ [~ R&? S/A'S
mixture mmo < L
(%) _ mmollg PH PR COOEt PH ‘COOEt

polymer pybox (7) styrene DVB porogen pybox? Ruc + ﬂ, 8R 8s
P1 7 42 51 toluene  0.443 0.274 N,CHCOOEt s/ \R RAS
P2 7 63 30 tol/dodecd 0.426 0.258 off cOOEt PR COOEt
P3 7 42 51 tol/dodec? 0.405 0.143 9R 98

P4 7¢ 42 51 toluene 0.247 - i X
catalyst’ run %yield® trans/cis® % eetrans % ee cisd

aPolymerization conditions: porogen/monomers mixtard.5 (w/w),

80 °C, 24 h. Polymers were crushed and washed with THF in a Soxhlet. P1-Ru 1 31 85/15 85 41
b Calculated from nitrogen analysisRu content after treatment with a 2 28 84/16 84 40
stoichiometric amount of [Ru@lp-cymene)} in CH,Cl, for 24 h.d Mixture 3 11 75/25 45 20
of toluene/l-dodecanct 1/5 (w/w). © Polymerization with the complex P2—-Ru 1 32 78/22 76 41
d with pyb d [RuCi(p- in CHxCl.
prepared with pybox7) and [RuCj(p-cymene)] in CHxCl» 5 35 85/15 75 2
3 28 75125 44 18
o ) ) P3—Ru 1 26 77123 54 18
polymerization of the compleX—Ru, which was formed in 2 39 72/28 30 13
solution prior to polymerization. In this case, the elemental P4 1 17 81/19 80 29
analysis was not accurate due to the presence of Ru. 2 9 78122 84 30
Excellent results have been reported for homogeneous 5-Ru L 45 87/13 92 n
10—Ru® 1 34 90/10 88 70

phase cyclopropanation reactions with analogous pybox

Ru catalysté.l Thus, the benchmark reaction between styrene ~ #Reaction conditions: 5 mmol of styrene, 1 mmol of ethyl diazoacetate

. slow addition), 3% Ru, CbCly, rt. Catalyst was filtered, washed, and dried
and ethyl diazoacetate was used as a test of the Catalyséefore reuse? Catalysts were prepared by treatment of the ligand with

properties. However, in the homogeneous phase, the reporteRuCl(p-cymene)j in CH,Cl,. ¢ Determined by GC at total conversion of

results were obtained using the pybox ligand in either 2 or SR2eCeRCORIGIRNEG B BE A e e mies Lokl Cobe®
4 molar excess over Ru. It is quite difficult to obtain a local substitution at the 4-position.

excess of chiral ligand on a heterogeneous catalyst, so the
polymers were compared with the homogeneous catalysts

prepared with equimolecular amounts of pybox and Ru. The of the reactive sites. Thus, the polymer morphology, which
results are gathered in Table 2. In all cases, the heterogeneoui§ controlled by cross-linking and the nature of the porogen,

catalyst was filtered off and an additional quantity of ethyl determines the performance of the immobilized catalyst, a
diazoacetate was added to the solution to confirm the situation that has been described in other cas&be best

heterogeneous character of the catal§st. catalysts were reused twice, with similar efficiencies ob-
As can be seen, the use of dodecanol in the porogenicServed in the first recycle but a marked decrease in both
mixture seems to be detrimental to the trans/cis selectivity Selectivities and activity in the case BLL. The coordination:
and enantioselectivity Rl vs P3), probably due to the of byproducts may bg responsible for this _dea<_:t|vat|on,\{V|th
reduced accessibility of the sites, as evidenced by the lower@ Partial decoordination of Ru from the chiral ligand, which
Ru functionalization. In fact, high trans/cis selectivity and €an act as a bidentate ligand with a corresponding decrease
enantiomeric excess (85% ee trans) were obtained with thell enantioselectivity. Finally, the polymer prepared by
polymer prepared in toluene, and these results are onlyPelymerization of the compleX—Ru is clearly less active
slightly lower than those obtained with the homogeneous than the other catalysts, although a high enantioselectivity

ligands. In contrast, the enantioselectivity for the cis isomer IN the trans isomers is observed. In this case, the possible
is reduced to 41% ee, demonstrating an effect of the inclusion of the complex in nonaccessible sites would lead

immobilization on this particular selectivity. It is difficult 0 @ lower activity due to the lower effective amount of
to offer an explanation for this effect, although it is clear catalyst in the reaction m_|xture. This low act|V|ty_ may also
that the support has a different influence on the energy of P& due to the complexation of Ru by AIBN, which would
the four diastereomeric transition states. The detrimental @S0 explain the need for an excess of AIBN to promote the
effect of dodecanol is not particularly important when a lower POlymerization of the7—Ru complex (see Supporting
degree of cross-linking is use®2). This seems to confirm  Information).

that the observed effects are related to lower accessibility " conclusion, we have developed a simple and efficient
methodology for the immobilization of chiral pybox systems.

This new route opens the way for the preparation of a range

(11) (a) Nishiyama, H.; Itoh, Y.; Matsumoto, H.; Park, S.-B.; ltoh JK.
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1247. (c) Park, S.-B.; Sakata, N.; Nishiyama, Ghem. Eur. J1996, 2, V.; Mayoral, J. A.; Vicent, M. JAngew. Chem., Int. EQ000,39, 1503.
303. (d) Nishiyama, H.; Soeda, N.; Naito, T.; Motoyama,Tétrahedron: (b) Breysse, E.; Pinel, C.; Lemaire, Nletrahedron: Asymmetr}998,9,
Asymmetry1998, 9, 2865. (e) lwasa, S.; Takezawa, F.; Tuchiya, Y.; 897.(c) Altava, B.; Burguete, M. I.; Collado, M.; Garcia-Verdugo, E.; Luis,
Nishiyama, H.Chem. Commur2001, 59 S. V.; Salvador, R. V.; Vicent, M. JTetrahedron1999, 55, 12897. (d)

(12) Sheldon, R. A.; Wallau, M.; Arends, I. W. C. E.; Schuchardt, U. Altava, B.; Burguete, M. I.; Garcia-Verdugo, E.; Luis, S. V.; Vicent, M. J,;
Acc. ChemRes.1998,31, 485 Mayoral, J. A.React. Funct. Polym2001,48, 25.
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of different supported pybox-based catalysts for a wide  Supporting Information Available: Experimental details
variety of enantioselective reactions for the synthesis of compoun@s-7 and polymerization and

. _ cyclopropanation reactions. This material is available free
Acknowledgment. This work was made possible by the  of charge via the Internet at http:/pubs.acs.org.
generous financial support of the CICYT (Project MAT99-

1176). A.C. is indebted to the M.C.Y.T. for a grant. OL026787A

3930 Org. Lett., Vol. 4, No. 22, 2002



