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Four ruthenium-N-heterocyclic carbene complexes (3—6) have been prepared and the new compounds
characterized by C, H, N analyses, 'H-NMR and *C-NMR. The reduction of ketones to alcohols via
transfer hydrogenation was achieved with catalytic amounts of complexes 3-6 in the presence of

t-BuOK. Copyright © 2006 John Wiley & Sons, Ltd.
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INTRODUCTION

Metal complexes of N-heterocyclic carbenes (NHCs) were
first reported independently by Wanzlick and Ofele in 1968."
Both reports used the deprotonation of an imidazolium salt
by a basic metal precursor to form the imidazolin-2-ylidene
complexes. These type of complexes were later studied exten-
sively by Lappertet al.3-® However, it was only during the last
decade that a renewed interest in these complexes occurred
with the isolation by Bertrand” of stable phosphinocarbenes
and by Arduengo of N-heterocyclic carbenes.?
Homogeneous organometallic catalysis has long depended
on phosphine ligands.”!° Despite their effectiveness in con-
trolling reactivity and selectivity, phosphine-based catalysts
require air-free handling to prevent the oxidation of the
ligand and have been subject to P-C activation at elevated
temperatures. Recently, nucleophilic N-heterocyclic carbenes
(NHCs),"! with stronger o-donor electronic properties than
bulky tertiary phosphines,'? have emerged as a new family
of ligands. In contrast to metal complexes of phosphines, the
metal-NHC complexes appear to be extraordinarily stable
towards heat, air and moisture owing to high dissociation
energies of their metal-carbon bonds.!* The precursor imi-
dazolium salts are often easier to obtain than phosphines,
but preparation of the metal complexes from these salts can
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be more difficult.'* The most common method is direct com-
plexation of the free NHC, either isolated,’>~!® or generated
in situ® formed by deprotonation of the imidazolium salts.
Oxidative addition of an imidazolinium carbon-hydrogen
bond?®*?! to a low valent metal center and addition of an

222 can also

electron-rich olefin with C=C bond cleavage
lead to metal-NHC carbene complexes in certain cases.

Carbene complexes of late transition metals have been used
in many types of homogeneous catalytic reactions including
Heck and Suzuki coupling reactions,* % olefin metathesis,**?
hydroformylation, hydrogenation and hydrosilylation,??
and the copolymerization of ethene and CO.%

We have previously reported the use of an
in situ formed imidazolidin-2-ylidene, tetrahydropyrimidin-
2-ylidene and tetrahydrodiazepin-2-ylidenepalladium(II)
systems that exhibit high activity for various coupling
reactions of aryl bromides and aryl chlorides.?!~3 In order
to obtain more stable, efficient and active systems, we have
also investigated benzo-annelated derivatives.3*~% Recently
our group reported that novel complexes of rhodium(I)
1,3-dialkyimidazolidin-2-ylidenes gave secondary alcohols
in good yields by the addition of phenylboronic acid to
aldehydes.®”

Catalytic transfer hydrogenation with the aid of a
stable hydrogen donor is a useful alternative method
for catalytic hydrogenation by molecular hydrogen.3®3 In
transfer hydrogenation, organic molecules such as primary
and secondary alcohols® or formic acid and its salts*!~%
have been employed as the hydrogen source. The use
of a hydrogen donor has some advantages over the use
of molecular hydrogen since it avoids the risks and the

Copyright © 2006 John Wiley & Sons, Ltd.
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constraints associated with hydrogen gas as well as the
necessity for pressure vessels and other equipment. Although
metal catalyzed transfer hydrogenation using a stable H-
donor has been found to be reliable, the current emphasis on
cleaner methods for chemical transformations requires high
selectivity, low cost and the production of minimum waste.

Transition-metal catalyzed transfer hydrogenation using
2-propanol as a hydrogen source has become an efficient
method in organic synthesis as illustrated by several useful
applications reported in recent years.*4> The reaction condi-
tions for this important process are economic, relatively mild
and environmentally friendly. The most commonly used cat-
alysts for this reaction are ruthenium(II) complexes, but some
rhodium and iridium derivatives have also been used.*~%

The use of NHCs in transfer hydrogenation reactions
has so far been limited. Only a few examples of trans-
fer hydrogenation reactions mediated by organometallic
complexes containing NHCs have been reported. The use
of transition-metal-NHC complexes in catalytic transfer
hydrogenation was pioneered by Nolan.* The cationic irid-
ium-NHC complex was found to be highly active for
reduction of ketones. Crabtree also developed new, air sta-
ble iridium(III) bis(carbene) complexes, which were active for
transfer hydrogenation of ketones.?! Danopoulos reported tri-
dentate pyridinobis(carbine)ruthenium(Il) complexes for the
transfer hydrogenation of ketones.??

Based on these findings and our, continuing interest in
developing more efficient and stable catalysts, we wished
to examine whether we could influence the catalytic activity
of ruthenium-imidazolidin-2-ylidine and benzimidazolin-2-
ylidene complexes for the transfer hydrogenation of ketones.
(Scheme 1).

We now report: (i) the straightforward preparation of
new RuCL(NHC) (hexamethylbenzene) (3—6) complexes;
and (ii) their efficient catalysis for transfer hydrogenation
of ketones.

EXPERIMENTAL

Materials

Methylene chloride was purchased from Merck and distilled
from P,Os prior to use. Toluene and hexane were purchased
from Aldrich or Merck and distilled from Na/benzophenone.
2-Propanol was purchased from Aldrich or Across Chemicals.
AgOTf was purchased from Aldrich. All manipulations
were prepared using standard Schlenk techniques under
an inert atmosphere of nitrogen or argon. The complex

OH
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[RuCl (hexamethylbenzene)],®  1,3-dialkylimidazolidin-2-
ylidene (1) and 1,3-dialkylbenzimidazolin-2-ylidene (2) were
prepared according to known methods.>*

Spectroscopic analyses

FT-IR spectra were recorded as KBr pellets in the
400-4000 cm™! range on a ATI UNICAM 2000 spectrom-
eter. All 'H and *C-NMR were performed in CDCl; and
recorded on a Bruker AM 400 WB FT spectrometer. "H-NMR
spectra were collected 400.0 MHz and *C NMR spectra were
collected 100.0 MHz and chemical shifts referenced to resid-
ual solvent CDCl;. Microanalyses were performed by the
TUBITAK Analyses Center.

Preparation of NHC-Ru(II) complex (3)
A solution of 1,3-bis(2-picoly)imidazolin-2-ylidene (0.13 g,
0.25 mmol) and [RuCl,(Cs(CHs)6)]> (0.14 g, 0.22 mmol) was
heated at 100°C for 4h. Upon cooling, orange crystals
precipitated. These crystals were filtered, washed with hexane
(15ml) and dried under vacuum. Yield; 0.22 g, 87%; m.p.
219-220 OC; V(NCN) = 1508 Cm_].

Anal. found: C, 55.65; H, 5.61; N, 9.63. Calcd for
C27H34N4RUC121 C, 5529, H, 580, N, 9.55%.

TH NMR (8, CDCl;): 3.35, 3.79, 3.88 and 4.40 [ku, 4H,
J =10.5Hz, NCH,CH,N]J; 4.29, 5.63 and 4.62, 5.15 [d, 4H,
J=16.0Hz, | =14.0Hz, CH,CsHyN]; 7.14, 7.24, 7.56 and
7.78 [t, 4H, ] =69Hz, J=6.1Hz, [=7.7Hz, | =7.8Hz,
CH,CsH;N]; 7.34, 8.07 and 847, 8.72 [d, 4H, | =7.8 Hz,
] =7.5Hz, | = 4.6 Hz, CH,CsH,NJ; 1.97 [s, 18 H, Cs(CHz)s].
BC {H} NMR (8, CDCly): 211.8 [Ceaberc]; 49.8 and 51.9
[NCH,CH,NJ]; 53.0 and 55.9 [CH,CsH;N]; 123.3, 123.5, 124.8,
126.6,137.7,139.4, 149.3, 156.1, 156.4, 158.5 [CH,CsH4N]; 16.6
[C6(CH3)6]; 97.5 [Co(CH3)e].

Preparation of NHC-Ru(II) complex (4)
Compound 4 was prepared in a similar way to 3,
from 1,3-bis(6-methyl-2-picolyl)imidazolin-2-ylidene (0.15 g,
0.26 mmol) and [RuClL(C¢(CHj))]> (0.15 g, 0.22 mmol), to
give orange crystals (yield; 0.19 g, 73%; m.p. 125-126°C;
V(NCN) = 1510 cm ™.

Anal. found: C, 56.75; H, 6.16; N, 9.18. Calcd for
CooH3sN4RuCl,: C, 56.67; H, 6.18; N, 9.12%.

'H NMR (5, CDCl;): 3.42, 3.75, 3.86 and 4.44 [ku,
4H, ] =10.0Hz, NCH,CH,N]; 4.21, 446, 525 and 547
[d, 4H, J=16.0Hz, J=172Hz, ]=148Hz, | =16.4Hz,
CH2C5H3N(CH3)-6]; 2.48 and 2.98 [S, 6H, CH2C5H3N(CH3)-
6]; 6.98, 7.13, 7.23 and 7.82 [d, 4H, ] =8.0Hz, | =6.0Hz,
CH,CsH3N(CH3)-6]; 7.43 and 7.62 [t, 2H, ]=8.0Hz,

OH 0}

R

(|)| | [RuCl,(NHC)(arene)] / AgOTf 0 I
@C_CHs + H;C—CH—CHj3 > @CH—CH3 + H;C—C—CHj;
R

Scheme 1.

Copyright © 2006 John Wiley & Sons, Ltd.
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] = 7.6 Hz, CHoCsHsN(CHz)-6]; 2.03 [s, 18 H, Co(CHs)sl.
BC {H} NMR (5, CDCl3): 210.9 [Ceambenel; 50.5 and 51.7
[NCH,CH;,N]; 54.7 and 55.9 [CH,CsH3N(CH3)-6]; 24.5 and
29.2 [CH,CsH3N(CHj3)-6]; 120.6, 122.8, 124.9, 127.0,137.7,
137.8, 155.6, 157.9, 158.1, 165.1 [CH,CsH3N(CHj3)-6]; 16.6
[C6(CH3)6]; 97.5 [Co(CH3)6].

Preparation of NHC-Ru(II) complex (5)
Compound 5 was prepared in a similar way
to 3, from 1,3-bis(2-diisopropylaminoethyl)imidazolin-2-
ylidene (0.33 g, 0.51 mmol) and [RuCly(Ce(CHj)e)]2 (0.34 g,
0.51 mmol), to give orange crystals (yield; 0.49 g, 74%; m.p.
250-251°C; V(NCN) = 1488 cm~!.

Materials, Nanoscience and Catalysis m

Anal. found: C, 56.60;, H, 892, N, 8.41. Calc. For
Cas1HssNyRuCly: C, 56.53; H, 8.81; N, 8.51%.

'H NMR (8, CDCl;): 3.07 and 3.93 [s, 4H, NCH,CH,NJ;
353 and 427 [m, 4H, CH,CH,N(Pr),|; 2.56 [m, 4H,
CH,CH,N(Pr'),]; 2.90 [m, 2H, NCH(CHjs),]; 1.00 [d, 12H,
J = 6.4 Hz, NCH(CH;),]; 1.99 [s, 18 H, C¢(CHj3)¢]. ¥C {H}
NMR (3, CDC13) 210.1 [Cearpencl; 499 [NCHZCHZN]- 53.2
20.6 [NCH(CH3)2], 158 [Ce(CHs)e]; 94.2 [C6(CH3)6].

Preparation of NHC-Ru(II) complex (6)
Compound 6 was prepared in a similar way to 3, from
1,3-bis(2-diisopropylaminoethyl)benzimidazolin-2-ylidene

(N(Pri)z

N 1
u‘@
1

Q—N(Pri)z

N-7A-0

N

([ [RuCI,(C4(CHa)), )

m-z" z-=m

N Cl

>—Ru

Nc1

N(Pr )2

Rl

N(Pr Y2

Scheme 2.
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Table 1. Catalytic transfer hydrogenation with Ru—NHC complexes for acetophenones with 2-propanol

Entry Substrate Product Catalyst Yield %P
1 0 3 97
2 C-CH, CH- CH; 4 97
3 5 98
4 6 95
5 MeO. 3 86
6 9 OH 4 92
7 C-CH;, CH-CH, 5 97
8 6 85
9 0 OH 3 93
10 /@E—CH3 /@—m CH, 4 94
11 5 96
12 MeO 6 82
13 0 3 97
14 E-CH3 /@»CH-CH3 4 98
15 5 99
16 F F 6 97
17 0 OH 3 92
18 /©75-CH3 /@»CH-CH3 4 94
19 5 96
20 cl cl 6 95
21 0 OH 3 67
2 C-CH, CH-CH,§ 4 72
23 5 78
24 Br Br 6 62

2 Catalyst (0.01 mmol), AgOTf (0.01 mmol in 3 ml CH,Cl,), substrate (1 mmol), PrOH (10 ml), KOBu' (5 mmol %), 80°C, 12 h.
b Purity of compounds is checked by NMR and GC, yields are based on methyl aryl ketone.

(016 g, 021mmol) and [RuCL(Ce(CHjz)e)]. (0.11g,
0.18 mmol), to give orange crystals (yield; 0.22 g, 89%; m.p.
229-230°C; vneny = 1471 cm 2.

Anal. found: C, 59.21; H, 8.31; N, 7.88. Calcd for
CssHssNyRuCly: C, 59.49; H, 8.21; N, 7.93%.

TH NMR (8, CDCl;3): 7.21 and 7.45 [m, 4H, NC¢H;N]J;
3.83 and 4.98 [m, 4H, CH,CH,N(Pr'),]; 2.77 and 3.28 [m,
4H, CH,CH,N(Pr'),]; 3.27 [m, 2H, NCH(CHj5),]; 0.97 and
1.04 [d, 12H, | = 6.4 Hz, | = 6.8 Hz, NCH(CHj;),]; 1.87 [s,
18 H, C4(CH3)s]. *C {H} NMR (8, CDCl3): 191.9 [Cearbencl;
109.6, 121.3 and 134.9 [NCsH,NJ; 49.8 [CH,CH,N(Pr),];
43.8 [CH>CH,N(Pr'),]; 46.9 [NCH(CHs),]; 194 and 216
[NCH(CHz),]; 14.4 [C6(CH3)6]; 93.6 [Co(CHs)s].

Typical procedure for the transfer
hydrogenation of ketones

The complexes [RuCl,(NHC)(hexamethylbenzene)] (3-6)
(0.01 mmol) and AgOTf (0.01 mmol; 2.57 mg) were intro-
duced into a Schlenk tube under argon. Dry and degassed
CH,Cl, (3 ml) was added, the suspension were stirred room
temperature for 30 min, and the solvent was removed by vac-
uum to give [RuCl(NHC) (hexamethylbenzene)]OTf (3'-6).
After that 2-propanol (10 ml), t-BuOK (5 mmol%), and the

Copyright © 2006 John Wiley & Sons, Ltd.

substrate (1 mmol) were added to 3'-6'. The resulting solu-
tion was heated at 80°C for 12 h. The solvent was then
removed under reduced pressure and product distribution
was determined by 'H-NMR. spectroscopy and GC.

RESULTS AND DISCUSSION

The tetraaminoethenes 1 and 2 were synthesized using
a method similar to that reported by Lappert etal.>
The reaction of tetraaminoethenes 1 and 2 with the
binuclear [RuCl, (hexamethylbenzene)], complex proceeded
smoothly in refluxing toluene to give the [RuCl,(NHC)
(hexamethylbenzene)] (3—6) complexes as crystalline solids
in 73-89% yields (Scheme 2).

Complexes (3—6), which are very stable in the solid state,
were characterized by standard analytical and spectroscopic
techniques. The ruthenium complexes exhibit a characteristic
uneny band typically at 1471-1510 cm~1.%5-%8 BC chemical
shifts, which provide a useful diagnostic for metal carbene
complexes, show that C..yp, is substantially deshielded. Val-
ues for §(13Cq,p) are in the 191.9-211.8 ppm range and are
similar to those found for other carbene complexes. These
new complexes show typical spectroscopic signatures in line

Appl. Organometal. Chem. 2006; 20: 322-327
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with those recently reported for other [RuCl,(NHC)(arene)]
complexes.®~% Catalytic reduction is preferred to stochio-
metric reduction for large scale industrial uses of ketones
hydrogenation are well known.®

Hydrogen gas presents considerable safety hazards
especially for a large scale reactions.® The use of a solvent that
can donate hydrogen overcomes these difficulties. 2-propanol
is a popular reactive solvent for transfer hydrogenation
reactions since it is easy to handle (b.p. 82°C) and is relatively
non-toxic, environmentally benign, and inexpensive. The
volatile acetone by product can also be easily removed to
shift unfavorable equilibria.”

Owing to its efficiency in the transfer hydrogenation of
acetophenone, in situ prepared complexes 3'—6" were further
investigated in transfer hydrogenation of various methyl aryl
ketones. The results were summarized in Table 1.

Complexes 3 and 6 showed high activity for most of the
ketones listed in Table 1 (entries 3, 7, 11, 15, 19 and 23). The
introduction of electron-withdrawing substituents, such as F
and Cl, to the para position of aryl ring of the ketone, and since
the effect of such groups the electron density on C=0O bond
decreases so that the activity of (entries 15, 19) was improved
giving rise to the ease of hydrogenation.

CONCLUSION

From readily available starting materials, such as
1,3-dialkylimidazolidin-2-ylidene (1) and 1,3-dialkylbenzi-
midazolin-2-ylidene (2), four ruthenium-carbene (3-6) have
been prepared and characterized. Also a convenient and
highly user-friendly method for the transfer hydrogenation
of ketones is presented. The procedure is simple and efficient
towards various aryl ketones. Studies on the reactivity of
the new complexes, extension of the methodology to other
transition metals and the synthesis of other functionalized
N-heterocyclic carbene ligands with a variety of other donor
functionalities are under way.

Acknowledgments

Inéni University Research Fund (BAP 2005/42) and the Technologi-
cal and Scientific Research Council of Turkey TUBITAK TBAG-2474
(104T085) are gratefully acknowledged for support of this work.

REFERENCES

1. Wanzlick HW, Schénherr HJ. Angew. Chem. Int. Edn Engl. 1968; 7:
141.

2. OfeleK.J. Organomet. Chem. 1968; 12: 42.

3. Lappert MF, Pye PL. ]. Chem. Soc. Dalton Trans. 1977; 2172.

4. Cardin DJ, Cetinkaya B, Cetinkaya E, Lappert MF. ]. Chem. Soc.
Dalton Trans. 1973; 514.

5. Cetinkaya B, Dixneuf P, Lappert MF. |. Chem. Soc. Chem. Commun.
1973; 206.

6. Cetinkaya B, Dixneuf P, Lappert MF. |. Chem. Soc. Dalton Trans.
1974; 1827.

Copyright © 2006 John Wiley & Sons, Ltd.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.
33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

Materials, Nanoscience and Catalysis m

. Igau A, Griitzmacher H, Baceiredo A, Bertrand G. J. Am. Chem.

Soc. 1988; 110: 6463.

. Arduengo AJJI, Harlow RL, Kline M. . Am. Chem. Soc. 1991; 113:

361.

. Parshall GW, Ittel SD. Homogeneous Catalysis, 2nd edn. Wiley:

New York, 1992.

Marciniec B. Applied Homogenous Catalysis with Organometallic
Compounds, Cornils B, Herrmann WA (eds). Wiley-VCH:
Weinheim, 1996.

Herrmann WA, Weskamp T, Bohm VPW. Adv. Organomet. Chem.
2001; 48: 1.

Huang ], Schanz HJ, Stevens ED, Nolan SP. Organometallics 1999;
18: 2370.

Schwarz ], Bohm VPW, Gardiner MG, Grosche M, Her-
rmann WA, Hieringer W, Raudaschl-Sieber G. Chem. Eur. ]. 2000;
6:1773.

Bourisou D, Guerret O, Gabbai FP, Bertrand G. Chem. Rev. 2000;
100: 39.

Herrmann WA, Elison M, Fischer J, Kocher C, Artus GR]. Chem.
Eur. J. 1996; 2: 772.

Douthwaite RE, Haussinger D, Green MLH, Silcock PJ, Gomes
PT, Martins AM, Danopoulos AA. Organometallics 1999; 18: 4584.
Scholl M, Trnka TM, Morgan JP, Grubbs RH. Tetrahedron Lett.
1999; 40: 2247.

Javarpour L, Nolan SP. Organometallics. 2000; 19: 2055.

Poyatus M, UrizP, MataJA, Claver C, Fernandez E, PerisE.
Organometallics. 2003; 22: 440.

Griindemann S, Kovacevic A, Albrecht M, Faller JW, Crab-
tree RH. Chem. Commun. 2001; 2274.

Griindemann S, Albrecht M, Kovacevic A, Faller JW, Crab-
tree RH. J. Chem. Soc. Dalton. Trans. 2002; 2163.

Doyle MJ, Lappert MF, Pye PL, Terreros P. J. Chem. Soc. Dalton.
Trans. 1984; 2355.

Coleman AW, Hitchcock PB, Lappert MF, Maskell RK, Miiler JH.
J. Organomet. Chem. 1985; 296: 173.

Bohm VPW, Weskamp T, Gstottmayr CWK, Herrmann WA.
Angew. Chem. Int. Edn 2000; 39: 1602.

Herrmann WA. Angew. Chem. Int. Ed. 2002; 4: 1290.

Bielawski CW, Grubbs RH. Angew. Chem. Int. Edn 2000; 39: 2903.
Chatterjee AK, Morgan JP, Scholl M, Grubbs RH. J. Am. Chem.
Soc. 2000; 122: 3783.

Herrmann WA, Kulpe JA, Konkol W, Bahrmann H. ]. Organomet.
Chem. 1990; 389: 85.

Lappert MF, Maskell RK. J. Organomet. Chem. 1984; 264: 217.
Gardiner MG, Herrmann WA, Reisinger CP, Schwarz ], Spiegler
M]J. J. Organomet. Chem. 1999; 572: 239.

Ozdemir I, Demir S, Yasar S, Cetinkaya B. Appl. Organomet. Chem.
2005; 19: 55.

Ozdemir I, Demir S, Cetinkaya B. Tetrahedron. 2005; 61: 9791.
Ozdemir I, Giirbiiz N, Gok Y, Cetinkaya E, Cetinkaya B. Synlett.
2005; 15: 2394.

Ozdemir I, Gok Y, Giirbiiz N, Yasar S, Cetinkaya E, Cetinkaya B.
Polish . Chem. 2004; 78: 2141.

Ozdemir I, Gok Y, Giirbiiz N, Cetinkaya E, Cetinkaya B. Synt.
Commun. 2004; 34: 4135.

Ozdemir, GokY, Giirbiiz N, Cetinkaya E, Cetinkaya B.
Heteroatom Chem. 2004; 15: 419.

Ozdemir I, Giirbiiz N, Seckin T, Cetinkaya B. Appl. Organomet.
Chem. 2005; 19: 633.

Brieger G, Nestrick TJ. Chem. Rev. 1974; 74: 567.

Johnstone RAW, Wilby AH, Entwistle ID. Chem. Rev. 1985; 85:
129.

Noyori R, Yamakawa M, Hashiguchi S. J. Org. Chem. 2001; 66:
7931.

Fache F, Schilz E, Tommasino ML, Lemaire M. Chem. Rev. 2000;
100: 2159.

Noyori R, Takaya H. Acc. Chem. Res. 1990; 23: 345.

Appl. Organometal. Chem. 2006; 20: 322-327



m Materials, Nanoscience and Catalysis

43.
44.

45.

46.
47.

48.
49.

50.

51.

52.

53.

54.

55.

Ram S, Ehrenkaufer RE. Synthesis. 1988; 91.

Nayori R. Asymmetric Catalysis in Organic Synthesis. Wiley: New
York, 1994.

Ojima I. Catalytic Asymmetric Synthesis, 2nd edn. Wiley: New
York, 2000.

Zassinovich G, Mestroni G, Gladiali S. Chem. Rev. 1992; 1051.
Evans DA, Nelson SG, Gangne MR, Muci AR. J. Am. Chem. Soc.
1993; 115: 9800.

Palmer M]J, Wills M. Tetrahedron Asymmetry. 1999; 10: 2045.
Nishibayasni Y, Takeil, Uemnura S, Hidai M. Organometallics.
1999; 18: 2291.

Hillier AC, Lee HM, Stevens ED, Nolan SP. Organometallics. 2001;
20: 4246.

Albrecht M, Miecznikowski JR, Samuel A, Faller JW, Crab-
tree RH. Organometallics 2002; 21: 3596.

Danopoulos AA, Winston'S, Motherwell WB. Chem. Commun.
2002; 1376.

Bennett MA, Huang TN, Matheson TW, Smith AK. Inorg. Synth.
1982; 21: 74.

Cetinkaya E, Hitchcock PB, Jasim HA, Lappert MF, Spyropou-
los K. J. Chem. Soc. Perkin Trans. 1992; 1: 561.

Cetinkaya B, Ozdemir I, Bruneau C, Dixneuf PH. J. Mol. Catal. A
1997; 118: L1.

Copyright © 2006 John Wiley & Sons, Ltd.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.

Active ruthenium-(N-heterocyclic carbene) complexes

Cetinkaya B, Giirbiiz N, Seckin T, Ozdemir I. J. Mol. Catal. A 2002;
184: 31.

Cetinkaya B, Ozdemir I, Dixneuf PH. J. Organomet Chem. 1997;
534: 153.

Ozdemir I, Demir S, Cetinkaya B. ]. Mol. Catal. A. 2004; 215:
45.

Giirbiiz N, Ozdemir I, Demir S, Cetinkaya B. J. Mol. Catal. A. 2004;
209: 23.

Gurbiiz N, OzdemirI, Seckin T, CetinkayaB. J. Inorg. and
Organometallic Polym. 2004; 14: 149.

Ozdemir I, Cetinkaya B, Demir S, Giirbtiz N. Catalysis. Lett. 2004;
97: 37.

Ozdemir I, Alia1 B, Giirbiiz N, Cetinkaya E, Cetinkaya B. J. Mol.
Catal. A. 2004; 217: 37.

Cetinkaya B, Demir S, Ozdemir I, ToupetL, Sémeril D,
Bruneau C, Dixneuf PH. New J. Chem. 2001; 25: 519.
Cetinkaya B, Demir S, Ozdemir I, ToupetL, Sémeril D,

Bruneau C, Dixneuf PH. Chem. Eur. ]. 2003; 9: 2323.

Genet JP. Acc. Chem. Res. 2003; 36: 908.

Johnstone RAW, Wilby AH, Entwistle ID. Chem. Rev. 1985; 85:
129.

Noyori R, Hashiguchi S. Acc. Chem. Res. 1997; 30: 97.

Appl. Organometal. Chem. 2006; 20: 322-327

327



