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Abstract
Synthesis, characterization and immobilization of ruthenium(ll) complexes of the type JRuflarene)]

(L=CN(CH,Ph)CH,CH;N(CH,);Si(OEt)s | arene= p-cymene3 and arene= CgMeg, 4) and [RuChL] (L = mi-carbenen®-

arene bidentate liganCNI(CH2):Si(OEt);]CH,CH,NCH,CsHxMes-n®) 5 morphologically different silicas by sol-gel method
are described and their reactivity and recyclability in the furan formation were also reported. © 2002 Elsevier Science B.V.
All rights reserved.
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1. Introduction This property eliminates the problems associated with
weak ligand—metal interactions including deposition
Recently, transition metal complexes oR- of free metal under catalytic conditions.

heterocyclic carbenes have been the focus of con- Homogeneous catalysts have been of somewhat lim-
siderable attention since they can act as catalyst orited use, mainly because of the difficulty of separation
catalyst precursors to important transformations, such from the reaction products. A good way of combin-
as Pd-catalyzed Heck type or Suzuki coupling [1], ing the advantages of the homogeneous with those of
CO-GHg4 copolymerizations [2], Rh-catalyzed olefin  the heterogeneous catalyst is the attachment of solu-
metathesis [3], cyclopropanations [4], furan synthesis ble and catalytic active metal complexes on suitable
[5] and Rh-catalyzed hydrogenation [6], hydroformy- materials [9].
lation [7] and hydrosilylations [8]. In contrast to the The advantages to be gained in heterogenizing
widely used phosphine complexes, they have been N-heterocyclic carbene complexes through polymer
shown to be remarkably stable towards heat, oxy- attachment have recently been described [10,11].
gen and moisture. The metal-carbon bonds in the Recyclable ‘boomerang’ polymer supported catalyst
carbene complexes are much stronger than the metal-was used for ring closing metathesis reactions [10a].
phosphorus bond of typical phosphine complexes. Palladium(ll) complexes oN-heterocyclic carbenes,
I1, attached to polystyrene-based Wang resin through
* Corresponding author. Fax:90-232-3888-264. ether linkages, exhibit very high efficiency as cata-
E-mail address: bekircetinkaya@hotmail.com (B. Cetinkaya). lysts for the Heck reaction [11]. However, recovery
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and reuse led to losses in activity after each cycle. was performed on Shimadzu DTA System 50 at a heat-
Therefore, development of immobilized carbene com- ing rate of 10C/min in air.

plexes as active, truly recyclable and reusable catalyst The effect of carbene—Ru(ll) concentration on
remains a challenging task. grafting efficiency onto AMS particles was calculated

F’CyscI HO(CHp),— N N—
— Ru‘\ N
o] X— Pd <<
Y
Mes-N N-Mes X |

I

Furthermore, as far as we are aware, no example of from the thermal gravimetric analysis (TGA), and
immobilization of such carbene complexes on mineral a thermal behavior was carried out on a Shimadzu
solids as supports through covalent linkages has beenSystem 50 DTA and TGA in air with a heating rate
reported. The interest in mineral solids as supports for of 10°C/min. Specific surface areas were measured
improvement of catalytic site properties lies in applica- under static process by means of a Micromeritics
tion of solids possessing high surface areas in addition ASAP 2010 instrument. The specific surface area

to their insolubility in organic solvents. We report here
the preparation of the monosilylated imidazolidinium
salts 1 which are converted to th&-heterocyclic
carbene ligand precurso2sand then to carbene com-
plexes3-5, as well as their immobilization by sol—gel
processes and their reactivity and recyclability in the
furan from @)-3-methylpent-2-en-4-yn-1-ol.

2. Experimental

All synthesis of the 1,3-dialkylimidazolidininum
salts (), alkenes 2) and the ruthenium complexes
(3-5) were performed under a nitrogen atmo-
sphere with the use of standard Schlenk techniques.
1-(3-Triethoxysilylpropyl)-2-imidazoline (imeo) was
obtained from Fluka. Tetrahydrofuran (THF), diethyl
ether and toluene were distilled under nitrogen from
sodium benzophenone ketyl just before use. Amor-
phous mesoporous silicate (AMS) was prepared as
reported earlier [12,13].

Solution NMR spectra were recorded on a Bruker
400 MHz. Solid staté3C NMR were measured using
a Bruker Avance 300 FT-NMR spectrometer equipped
with a cross-polarization (CP)/magic angle spinning
(MAS) accessory. FT-IR spectra were recorded on a
Mattson 1000 FT-IR spectrometer. Thermal analysis

was calculated by BET method and average pore
size was calculated by Barrett, Joyner and Helenda
(the BJH method). UV irradiation was performed

at 20Hz, pulse width of 300ps and 250kW peak
power.

2.1. 1-(3-Triethoxysilylpropyl)-3-benzylimida-
zolidinium chloride, 1la

To a DMF solution (5ml) of imeo (3.99¢,
14.78 mmol) was added 1.87 g, 14.79 mmol of ben-
zyl chloride at 25C and the resulting mixture was
stirred at RT for 24 h. Diethyl ether (20ml) was
added to obtain a crystalline solid which was washed
with Et,O (2 x 15ml) and dried in vacuum, 5.09 g,
87%. IH NMR (CDClk): 8 0.59 (m, 2H, SiCH),
1.20 (t, 9H, OCHCH3, J = 7.0Hz), 1.74 (m, 2H,
SiCH,CH,CHy), 3.80 (g, 6H, OGiI,CH3, J
7.0Hz), 3.81-4.00 (m, 2H, NC¥CH,N), 4.90 (s, 2H,
CH,Ph), 7.30-7.42 (m, 5H, §H5), 10.25 ppm (s, 1H,
NCHN). 13C{'H} NMR (CDClk): § 7.51 (SiCh),
18.63 (OCHCH3), 21.50 (SiCHCH2CH2N),
47.97, 48.43 (ICH2CH2N), 50.84 (ChPh), 52.27
(SICH,CH,CH2N), 58.88 (CCH,CH3), 129.26,
129.51, 133.14 (gHs), 159.05ppm (NCHN). Ana-
Iytically calculated for GgH33N20O3CISi: C, 56.90;
H, 8.24; N, 6.99. Found: C, 56.20; H, 8.40; N, 7.10.
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2.2. 1-(Triethoxysilylpropyl)-3-(2,4,6-trimethybenzyl)
imidazolidinium chloride, 1b

Using a similar procedure, imeo (3.59¢g, 13.29

mmol) and 2,4,6-trimethylbenzyl chloride (2.22g,
13.57mmol) afforded colorless crystalline solid,
4.649, 81%.'H NMR (CDCl): § 0.53 (m, 2H,
SiCHp), 1.13 (t, 9H, OCHCHs, J = 7.0Hz), 1.67
(m, 2H, SICHCH,CHy), 2.19 (s, 3H,p-CH3CsH>),
2.28 (s, 6H, 0-CH3CgHy), 3.55-3.58, 3.60-3.70
(m, 4H, NCH2CH2N), 3.72 (g, 6H, OEi,CHg,
J = 7.1Hz), 3.86-3.95 (m, 2H, NB,CH2CH,Si),
4.85 (S, G‘|2C6H2Meg), 6.81 ppm (S, C|2C6H2M63).
13C{IH} NMR (CDCl): § 7.43 (SiCh), 18.62, 18.69
(0-CH3CgHy), 20.47 (OCHCH3g), 21.29 ¢©-CHs
CsH2), 21.47 (SICHCH>CH2N), 46.56 CH2CgH>),
48.02, 48.36 (ICH2CH2N), 50.72 (NCH2CH2CH, Si),
58.86 (QCH,CH3), 125.82, 130.14, 130.22, 138.22,
139.38 (CHCsH2Mes), 158.77, 158.84 ppm (NCHN).
Analytically calculated for @yH3gN2O3CISi: C,

59.63; H, 8.86; N, 6.33. Found: C, 59.50; H, 9.02,

N, 6.40.

2.3. Preparation of tetraaminoalkenes, 2:
general procedure

A suspension of the salt (10.0 mmol) and sodium
hydride 0.36 g (15mmol) in THF (20 ml) was heated
under reflux for 4 h. The mixture was cooled to°Z5

volatiles were removed. Toluene (20 ml) was added
and filtered. The filtrate was evaporated to dryness.
The residue was dissolved in warm hexane (15 ml).

Upon cooling cream solid was obtaingd (70%) and

1.20, 1.26 (d, d, 6H, CH(B3)2, J = 6.1, 5.5Hz),
1.60-1.80, 1.90-2.10 (m, 2H, SiGEH,CH;N), 2.84
(s, 1H, GH(CHg3)2, J = 6.9Hz), 3.20-3.30 (m, 1H,
SiICHCH,CH2N), 3.30-3.70 (m, 4H, NB2CH2N),
3.84 (q, 6H, OGI,CHz, J = 7.0Hz), 4.20-4.30
(m, 1H, SICHCH,CH,N), 4.86 (d, 1H, Gi,Ph,
J = 15.2Hz), 5.13 (d, 1H, El;Ph, J = 150Hz),
5.00, 531 (d, d, MegH4Pr), 7.28-7.39ppm
(m, 5H, GsHs). 13C{*H} NMR: § 7.78 (SiCH),
18.76 (OCHCHs3), 19.16 (CHCHs),), 22.89
(SiICHoCH3), 23.65 (CHMe), 30.07 CH3CgH4Pr),
49.03, 49.27 (NCHCH2N), 55.26 (CHPh), 56.12
(NCH2CH,CH,Si), 58.85 (GCH,CHg), 83.86, 84.10,
86.79, 87.15, 99.21, 108.79 (MgB4Pr’), 127.90,
128.02, 129.5, 139.07 ¢Els), 207.68 ppm (NCN).
Analytically calculated for @H4eN203Cl2SiRu: C,
51.94; H, 6.86; N, 4.18. Found: C, 52.05; H, 6.91; N,
4.30.

4, 69%.H NMR (CDCl): § 0.45-0.55, 0.70-0.85
(m, 2H, SiGH,CH,), 1.20 (t, 9H, OCHCH3z, J =
7.0Hz), 1.60-1.65, 1.80-1.87 (m, 2H, SigEH>
CH,), 2.03 (s, 18H,6(CHz)e), 3.08 (dt, 1H, NG1,CH
CH,Si), 3.28-3.69 (m, 4H, NB,CHyN), 3.82
(q, 6H, OQH,CH3, J = 7.0Hz), 4.07-4.13 (dt,
1H, NCH,CH,CH,Si), 4.08 (d, 1H, Gi,Ph, J =
14.0Hz), 5.75ppm (d, 1H, B,Ph, J = 138Hz).
13C{IH} NMR (CDClk): § 7.71 (SCH2CH,), 16.70
(Cs(CHa3)e), 18.75 (OCHCH3), 22.64 (SiCHCH
CHy), 48.92, 49.23 (ICH,CHN), 54.80 (CHPh),
55.59 (NCH2CHoCH,Si), 58.82 (GCH,CHy),
94.43 (Cs(CHs)s),127.82, 128.59, 137.36 (Hs),
210.18 ppm (NCN). Analytically calculated for
Cz1H50N203ClLSiRu: C, 53.28; H, 7.16; N, 4.01.

2b (85%). The alkenes were not characterized due to Found: C,53.03; H, 7.69; N, 4.07.

their sensitivity towards oxygen and moisture.

2.4. Preparation of the complexes, 3-5:
general procedure

A solution of the alkene (0.60 mmol), and the cor-

5, 72%.H NMR (CDCl): 8 0.50 (m, 2H, SiCH),
1.12 (t, 9H, OCHCHgs, J = 7.0Hz), 1.48-1.55 (m,
2H, SiCHCH2CH;,N), 2.07 (s, 6Hp-CH3CgHy), 2.22
(s, 3H,p-CH3—-CgHy), 3.51 (t, 2H, NG1,CH,CH,Si,
J =7.95Hz), 3.72 (q, 6H, OB,CHz, J = 7.0Hz),
3.74 (s, 4H, NGI>CH2N), 4.06 (s, 2H, CHMes),

responding ruthenium dimer (0.60 mmol) in toluene 5.38 ppm (s, 2H, gH,Mes-2,4,6). 1°C{1H} NMR
(10ml) was heated under reflux for 2 h, then cooled (CDClg): § 6.87(SiCh), 17.10 6-CH3CgH>), 17.69

to 50°C and hexane (10ml) was added. The pre-

(p-CH3CgHy), 18.69 (OCHCH3), 22.38 (SICHCH>

cipitate formed was filtered off, washed with hexane CH3N), 47.35, 48.26 (I®H,CH2N), 49.93 (NCH,CH>

(2 x 10ml). The red product was recrystallized from
CH2Cl2:Et,0 (5:10 ml).

3, 63%.'H NMR (CDCl): § 0.45-0.53, 0.70-0.85
(m, 2H, SIChH), 1.23 (t, 9H, OCHCH3, J = 7.1 Hz),

CHzSi), 51.87 (CHMes), 58.68 (@H,CHs), 88.49
(0-CgHzMes), 94.44 (pso C), 99.62 (3,5-gH2Me3),
100.25 (4-GH2Mes), 200.17ppm (NCN). Ana-
Iytically calculated for GoH3sN2O3CloSiRu: C,
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45.67; H, 6.57; N, 4.84. Found: C, 45.41; H, 7.12;
N, 4.80.

2.5. Preparation of the P1-P3: general procedure

In a typical synthesis, at first solution was pre-
pared by mixing tetraethylorthosilicate 13.869g
tetraethoxysilane (TEOS) was dissolved in 8g of
ethanol and 8.26 g of ethylene glycol with stirring at
80°C in an oil bath. After 1 h of stirring, a mixture of
24 g of ethanol, 6 g of water and a catalytic amount
of acetic acid was added to the system. After 3h of

B. Cetinkaya et al./Journal of Molecular Catalysis A: Chemical 184 (2002) 31-38

3. Results and discussion

The carbene complexeés-5 were synthesized ac-
cording to the steps illustrated in Scheme 1. The prepa-
ration of the new saltd were readily accomplished
by quarternization of 1-(3-triethoxysilylpropyl)-2-
imidazoline (imeo) with the appropriate benzyl chlo-
ride. We chose imeo as starting material for two
reasons: (i) it is commercially available and (ii) it
has a ‘sticky end’, —Si(OE#$) which can be linked to
the surface of the inorganic matrix. The saltsare
colorless, hygroscopic and freely soluble in CHICI

reaction under the same conditions, clear, transparentbut insoluble in hexane or diethyl ether. Their NMR
gel was obtained. At the same time, a second solution spectra are in agreement with the assigned structures

was obtained by mixing-5 (0.1 mmol) in ethanol

(10 ml) in the presence of acetic acid catalyst (0.1 ml).
The two solutions were then mixed under stirring,
and stirring was continued at room temperature for

(Table 1). The proton attached to C-2 was observed as
a singlet at ca. 10 ppm. This indicates that the proton
is very acidic.

Reduction of the salts by sodium hydride gave the

about 3 days. Then stirring was stopped. The result- corresponding tetraaminoalken2a and 2b in high
ing gel was recovered, washed with dichloromethane yield. The alkenes were not characterized because of

and filtered. Finally, samples were air-dried at room

their extreme sensitivity towards oxygen and moisture.

temperature for 24 h. The resulting gel was aged at They were used directly for complexation reactions.

ambient conditions for 2 days and dried in vacuum
oven at 110C in a flow of Q: 305+ 5m?/g BET
surface area; 2% 12 A pore diameter; 86+ 01 ml/g
pore volume.

2.6. Catalytic studies

The ruthenium complexes (0.1 mmol) was added
to 10 mmol of neat £)-3-methylpent-2-en-4-yn-1-ol.
The mixture was stirred at 25 or 8C for 1-16h.
The product was determined by GC. The immobilized
complexes were washed withJ&x, dried and reused.

The carbene complexes were prepared by bridge
splitting reaction of the dimers [Rugli6-arene)}
with the alkenes in toluene at 11G. It is worth not-
ing that the alkene2p), bearing bulky mesityl ben-
zyl group on the N atom, simultaneously displaces
the areneg-cymene) attached to the Ru(ll), resulting
in a chelated carbene complBxPreviously we have
reported thermally stable novel ruthenium complexes
possessing carbeng-arene bidentate ligands [14].

The new complexes3-5 were characterized by
NMR spectroscopy and elemental analysis. Diagnostic
13¢{1H} andH NMR data for the carbene complexes

Table 1
Selected IR3C{H} andH NMR spectral data for the new compouAds
Compound number v(CN) s (B¢ 5 (AH)P

Ru=C 2c 2C-H CHAr OCH>CHs OCH,CH3
1a c 159.05 10.25 4.90 3.80 (7.0) 1.20 (7.0)
1b ¢ 158.77 9.79 4.85 3.72 (7.0) 1.13 (7.0)
3 1497 207.68 4.86 5.13 3.84 (7.0) 1.23 (7.1)
4 1489 210.18 4.08, 5.75 3.82 (7.0) 1.20 (6.95)
5 1520 200.17 4.06 3.72 (7.0) 1.12 (7.0)

aThe salts were included for comparison.

b Coupling constants in parenthesis.

¢ Not recorded due to hygroscopic property.
dNot well resolved.
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Scheme 1. Pathways to the synthesis of imidazolidinium daltetraaminoalkeneg, carbene complexe3-5 and their immobilization.
Reagents and conditions: (i) Ph@E (or MesCHCI), DMF, 25°C; (ii) NaH, THF, 25°C then 4 h, 65C; (iii) [RuCl,(p-cymene)}, PhMe,
110°C; (iv) [RuClx(n®-CeMeg)]2, PhMe, 110C; (v) [RuCh(p-cymene)}, PhMe, 110C; (vi) TEOS (1:1 ratio), HCI, methanol.
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are compared in Table 1. The carbene carbon chem-behavior of the materials were determined by differ-

ical shifts all occur between 200 and 210 ppm. In ential thermal analysis at a heating rate of ©Imin.

the IH NMR spectrum of3 the methylenes are well  On heating the sample sharp exotherms appeared at

separated AB doublets. Furthermore, all methylene 363, 364 and 394C for materials P1, P2 and P3,

protons on the imidazolidine backbone and the spacer respectively. This indicates thermal stability of the

—(CHp)3Si(OEts were observed as separated two materials are higher than corresponding monomers.

multiplets. The results are in accordance with the proposed struc-
Recently, the sol-gel process has been used to pre-tures where P3 possess more rigid structure as out-

pare hybrid organic—inorganic materials by hydroly- lined. The curing temperature could be chosen as the

sis and polycondensation of organometallic molecules approximate midpoint between the start of exothermic

substituted by more than one hydrolyzable Si(9R)

groups with TEOS [15]. Co-condensation3)f4 and able 2

5 with TEOS in the presence of aqueous HCI results catalytic synthesis of 2,3-dimethylfuran

in the formation of powdery or granular water insolu- Ent Catalyst TemperawreQ)  Time () vield (%}
ble solids (Scheme 1). i y P >

All the evidences from FT-IR, TGA, DTA and 1 3 RT 0.5 59
elemental analysis supported the successful grafting 2 3 RT 25 61
o 3 3 RT 16 87

of carbene—Ru(ll) on the surface of silica. The graft- 4 RT 05 13
ing efficiency of carbene—Ru(ll) (P1-P3) on silica 5 4 RT 16 41
was studied as a function of reaction temperature, 6 5 RT 0.5 61
which was changed from room temperature to the 7 5 RT 2 97
boiling point of the solvent. The results showed that 8 3 80 L 95
) . . L 9 4 80 1 86

the grafting efficiency was improved by raising the ,, 5 80 1 97
temperature. The grafting efficiency of P1 as a func- 14 P1 RT 1 21
tion of reaction time was also studied from 4 to 24 h. 12 P1 RT 6 36
It was found that the reaction time between 18 and 13 P2 RT 1 09
24 h was necessary for optimal grafting. The effect of 14 P2 RT 8 1;'
carbene—Ru(ll) concentration on grafting efficiency 12 Eg EI ; 23
was revealed that depending upon the amount of ;7 P3 RT 1 39
silanol (SiOH) groups present on the silica surface 18 P3 RT 4 40
that is less than 0.034 mol/g, the theoretical amount 19 P3 RT 1 38
of carbene—-Ru(ll) for 1g of silica is.034/3 = 2(1) ii gg ‘; zi
0.011 mol. This evidence was supported by TGA anal- P1 80 3 90
ysis, from 0.01 to 1 mol ratio the grafting efficiency 53 p2 80 1 62
was increased to 9.2 to 12.7% , and then remains con-24 P2 80 5 84
stant with further increase in carbene—Ru(ll) concen- 25 P3 80 1 98
tration so the optimum carbene—Ru(ll) concentration 26 P3 80 L 82
27 P3 80 2 91

was found to be 0.025 mol/g silane. P3 80 1 el
Proof for the structures of the complexes P1-P3 was 29 P3 80 2 98
given through the carbene atom resonancess§(Pl 30 P3 80 1 79
206.32, P25 = 20598 and P3 = 197.74) which are 31 P3 80 2 92
in a typical range of starting monomeric metal carbene 32 Eg gg ; gg

complexes&-5). The infrared spectra of the polymeric
materials show about the samé@CN) bands as start- ZD‘etermined by GC.
ing complexes. This further indicates that the com- ~_First un.

- Second run.
plexes have been successfully anchored to the silica  a1pirg run.
surface. Standard conditions (monomer:TE©%:1) e Fourth run.

were used for all condensation reactions. The reaction  f Fifth run.
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peak (approximately 35C) and the thermal decom-  References
position of materials (approximately 40Q).

In a preliminary catalytic study, we used@){3- [1] D.S. McGuinnes, K.J. Cavell, Organometallics 19 (2000) 741;
methylpent-2-en-4-yn-1-ol to investigate potential A-/?f-D-k TU”OChI’ _ Ah-A- Da”OpOU'O? R.P. hToozev SM.
of monomeric 8-5) and immobilized complexes ?2%0%3 ?;’43‘_ Kleinhenz, M.B. Hursthouse, Chem. Commun.
(P1-P3) for the furan formation. The reaction (Eq. (1)) D.S. Cylene, J. Jin, E. Genest, J.C. Gallucci, T.V. Rajah Bau,
proceeded smoothly at 25-80. Org. Lett. 2 (2000) 1125;

L. Hu, W. Chen, J. Xiao, Organometallic 19 (2000) 1123;
V.P.W. Bo6hm, W.A. Herrmann, Chem. Eur. J. 6 (2000)

E:j 1017;
\ — D V.P.W. Bohm, C.W.K. Gstottmyr, T. Weskamp, W.A.
HO 0 Herrmann, J. Organomet. Chem. 595 (2000) 186;

(1) C. Zhang, M.L. Trudell, Tetrahedron Lett. 41 (2000) 595;
V. Calo, R.D. Sole, A. Nacci, E. Schingaro, F. Scordari, Eur.

The reaction rate and yield increases in the series J. Org. Chem. (2000) 869;

4 <3 <5 The presence of bulky 2,4,6-trimethylben- V. Calo, A. Nacci, L. Lopez, N. Mannarini, Tetrahedron Lett.
. . 41 (2000) 8973;

zyl as N'SUbSt_It_uent with the Chela_ted forﬁj fas an T. Weskamp, V.P.W. Béhm, W.A. Herrmann, J. Organomet.

extremely positive effect on catalytic activity (Table 2). Chem. 585 (1999) 348;

Although, slower at 25C, the polymer P3 was found C. Zhang, J. Huang, M.L. Trudell, S.P. Nolan, J. Org. Chem.

to be active in this reaction at 8C. Moreover, P3 can 64 (1994) 3804; N _

be recycled up to five times without losing significant W.A. Herrmann, C.-P. Reisinger, M. Spiegler, J. Organomet.

Chem. 557 (1998) 93;
D.S. McGuinness, M.J. Green, K.J. Cavell, B.W. Skelton,
A.H. White, J. Organomet. Chem. 565 (1998) 165.

[2] M.G. Gardiner, W.A. Herrmann, C.-P. Reisinger, J. Schwarz,
M. Spiegler, J. Organomet. Chem. 572 (1999) 239.

4. Conclusion [3] A. Furstner, Angew. Chem. Int. Ed. 39 (2000) 3012;

A. Flrstner, M. Liebl, C.W. Lehmann, M. Picauet, R. Kunz,

. . C. Bruneau, D. Touchhard, P.H. Dixneuf, Chem. Eur. J. 6
We have developed a convenient synthetic route (2000) 1847;

activity (Table 2, entries 25-33).

to heterogenize catalytical actiw-heterocyclic car- L. Ackermann, D.E. Tom, A. Fiirstner, Tetrahedron 56 (2000)
bene complexes by hydrolyzing and condensation of 2195,

—Si(OEty group attached through —(G)4— spacer C.W. Bielaw.ski, R.H. Grubbs, Angew. Chem. Int. Ed. 39
to N atom O_f the Carben? ”gajn.d' A” immobilized fogg)rsfr?grSOR Thiel, L. Ackermann, H.-J. Schanz, S.P.
complexes display catalytic activity in the furan for- Nolan, J. Org. Chem. 65 (2000) 2204;

mation. However, the activity of the mesityl chelated T. Itoh, K. Mitsukura, N. Ishida, K. Uneyama, Org. Lett. 2
complex B) is comparable to that of most active bin- (2000) 1431;

uclear Ru(ll) complexes. P3 is the most active among ~ D:L- Wright, J.P. Schulte 1l M.A. Page, Org. Lett. 2 (2000)

. . 1847;
the p0|ymers and can be recyded at least five times L. Jafarpous, E.D. Stevens, S.P. Nolan, J. Organomet. Chem.

(Table 2). We are currently investigating scope and 606 (2000) 49;
application of these complexes as catalysts for various L. Jafarpour, S.P. Nolan, Organometallics 19 (2000) 2055;
organic reactions. Performing the reaction at elevated J.G. Hamilton, U. Frenzel, F.J. Kohl, T. Weskamp, J.J. Roney,
temperature (8%) increases the yield. \éV.A. Herrmann, O. Nuyken, J. Organomet. Chem. 606 (2000)
H.J. Schanz, L. Jafarpour, E.D. Stevens, S.P. Nolan,
Organometallics 18 (1999) 5187;
J. Huang, E.D. Stevens, S.P. Nolan, J.L. Petersen, J. Am.
Acknowledgements Chem. Soc. 121 (1999) 2674;
L. Jafarpour, J. Hwang, E.D. Stevens, S.P. Nolan,

. L Organometallics 18 (1999) 3760;
We thank State Plannlng Organization (DPT) for M. Scholl, T.M. Trnka, J.P. Morgan, R.H. Grubbs, Tetrahedron

the support of this work (98-DPT-001) antdAFS Lett. 40 (1999) 2247.;
project no. 2001/73. A.K. Chatterjee, R.H. Grubbs, Org. Lett. 1 (1999) 1751;



38

T. Weskamp, C. Kohl, W.A. Herrmann, J. Organomet. Chem.
582 (1999) 362;
L. Ackermann, A. Firstner, T. Weskamp, F.J. Kohl, W.A.
Herrmann, Tetrahedron Lett. 40 (1999) 4787,
S. Blechert, Pure Appl. Chem. 71 (1999) 1393.

[4] B. Cetinkaya, |. Ozdemir, P.H. Dixneuf, J. Organomet. Chem.
534 (1997) 153.

[5] B. Cetinkaya, I. Ozdemir, C. Bruneau, P.H. Dixneuf, J. Mol.
Catal. 118 (1997) L1;
H. Kigukbay, B. Cetinkaya, S. Guesmi, P.H. Dixneuf,
Organometallics 15 (1996) 2434.

[6] M.F. Lappert, in: A. Muller, E. Diemann (Eds.), Transition
Metal Chemistry, Verlag, Weinheim, 1981, p. 287.

[71A.C. Chen, L. Ren, A. Decken, C.M. Crudden,
Organometallics 19 (2000) 3459.

[8] W.A. Herrmann, L.J. Goossen, C. Kocher, G.R.J. Artus,
Angew. Chem. Int. Ed. 35 (1996) 2805.

[9] H. Yang, H. Gao, R.J. Angelici, Organometallics 19 (2000)
622;
F. Rege, D.K. Morita, K.C. Ott, W. Tomas, R.D. Broene,
Chem. Commun. (2000) 1797;
M. Diaz Requejo, T.R. Belderrain, M.C. Nicasio, P.J. Perez,
Organometallics 19 (2000) 285;
S.G. Shyu, S.W. Cheng, D.L. Tzuo, Chem. Commun. (1999)
2337;

B. Cetinkaya et al./Journal of Molecular Catalysis A: Chemical 184 (2002) 31-38

J.H. Clark, D.J. Macquarrie, Chem. Commun. (1998) 853;
I.C. Chisem, J. Rafelt, M.T. Shieh, J. Chisem, J.H. Clark, R.
Jachuck, D. Macquarrie, C. Ramshaw, Scott. Chem. Commun.
(1998) 1949.

[10] (a) Y.R. De Miguel, J. Chem. Soc., Perkin Trans. 1 (2000)
4213;

M. Ahmed, T. Arnould, A.G.M. Barrett, D.C. Braddock, P.A.
Procopiou, Synlett (2000) 1007;

Q. Yao, Angew. Chem. Int. Ed. 39 (2000) 3896;

S.C. Schirer, S. Gessler, N. Buschmann, S. Blechert, Angew.
Chem. Int. Ed. 39 (2000) 3898;

L. Jafarpour, P. Nolan, Org. Lett. 25 (2000) 4075.

[11] J. Schwarz, V.P.W. Bohm, M.G. Gardiner, M. Grosche, W.A.
Herrmann, W. Hieringer, G. Roud schl-Sieber, Chem. Eur. J.
6 (2000) 1773.

[12] S. Mann, S.L. Burkott, S.A. Davis, Chem. Mater. 9 (1997)
2300.

[13] M.H. Linn, A. Stein, Chem. Mater. 11 (1999) 3285.

[14] B. Cetinkaya, S. Demir, I. Ozdemir, L. Toupet, D. Semeril,
C. Bruneau, P.H. Dixneuf, New J. Chem. 25 (2001)
519.

[15] H. Werner, U. Mohring, J. Organomet. Chem. 475 (1994)
277;

G. Cerveau, R.J.P. Corriu, N. Costa, J. Non-Cryst. Solids 105
(1988) 165.



	Synthesis and immobilization of N-heterocyclic carbene complexes of Ru(II): catalytic activity and recyclability for the furan formation
	Introduction
	Experimental
	1-(3-Triethoxysilylpropyl)-3-benzylimidazolidinium chloride, 1a
	1-(Triethoxysilylpropyl)-3-(2,4,6-trimethybenzyl)imidazolidinium chloride, 1b
	Preparation of tetraaminoalkenes, 2: general procedure
	Preparation of the complexes, 3-5: general procedure
	Preparation of the P1-P3: general procedure
	Catalytic studies

	Results and discussion
	Conclusion
	Acknowledgements
	References


