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Abstract

This article explores the possibility of using immbline and benzimidazole derivatives as
interesting ligands due to the fact that they &mecturally simple, readily available, inexpensive,
and they allow easy introduction of various substits into their structure. Thereford;
substituted imidazoline and benzimidazole ligandsl &heir new ruthenium complexes
[RuCh(n®-p-cymene)(L)] (L =N-substituted imidazoline/benzimidazole) were sysited and
characterized. The catalytic performances of nempiexes are investigated for the transfer
hydrogenation of ketones. Furthermore, correspansgéectondary alcohols were also obtained in
good yields.
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Introduction

Transfer hydrogenation is a potentially useful pecot for the reduction of carbonyl compounds
to their corresponding alcohols, which are key rmidiates in pharmaceuticals, perfumes,
agrochemicals, materials and fine chemi¢l$n transfer hydrogenation, 2-propanol, glycerol,
formic acid, and its salts have been employed ahldrogen sourc€® 2-propanol is a popular
reactive solvent for the transfer hydrogenationctieas since it is easy to handle and is
relatively non-toxic, environmentally benign andexpensive:'* Transition metal catalyzed
transfer hydrogenation of ketones and aldehydes htracted attention for the relatively benign
nature of the reagents and mild reaction conditiemployed:>*Among the different metal
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catalyzed hydrogenation reactions, ruthenium-baatalytic systems are found to be effective in
the transfer hydrogenation of ketoheand imines?® The ability of ruthenium to exist in a
variety of oxidation states as well as to assuntewange of coordination geometry are the main
reasons behind ruthenium compounds being effecttaysts for a variety of organic reactions.
Heterocyclic ligands containing nitrogen atoms amawing a great deal of attention in
coordination chemistry and homogeneous catdfybiscause of the versatility of their steric and
electronic properties, which can be modified byasing the appropriate substituefits.

Herein we report the synthesis and characterizatiorovel half sandwich ruthenium complexes
with N-substituted imidazoline and benzimidazole ligaml then investigated their catalytic
performances for the transfer hydrogenation of hketo

Results and Discussion

Nitrogen containing heterocyclic ligands have reedigreat deal of attention in the fields of
coordination chemistry, homogeneous catalysis aigdnic synthesis because organometallic
complexes bearing nitrogen donor ligands usualliilek high reactivities. The strategies

employed in the synthesis of thé-substituted imidazoline and benzimidazole ligarzde
summarized in Scheme 1.
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Scheme 1Synthesis oN-substituted imidazoline and benzimidazole ligands.

All new ligands were isolated as colourless andstable solids. They were characterized by
'H NMR, *C NMR, IR, elemental analysis techniques which supthe proposed structures.
The 'H NMR spectra of the N-substituted imidazoliriea{1c) and benzimidazole2é-29 in
CDCl; exhibit as a singlet in the range6.66-6.97 ppmXa-19 andé 7.43-8.01 ppm4a-29
characteristic of the NCH=N proton. I{C NMR, the chemical shift of the corresponding C(2)
atom was detected in the region 156.4-157.5 ppanlQ and 140.6-143.5 ppn24-29. These
new N-substituted imidazoline and benzimidazolesastypical spectroscopic signatures which
are in line with recently reported findings forghype ligand$>%
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The low toxicity and stability of nitrogen baseddnds, such as imidazole derivatives, have
attracted the attention of synthetic organic chemiSogni and VenanZi have exhaustively
discussed the relevance of N-donors in organonetatiemistry. There are reports of highly
catalytic reactive complexes bearing nitrogen ligi?® We are particularly interested in the
possibility of using imidazole and benzimidazolerigkgtives as ligands since they are
structurally simple, readily available, and inexgigr, and they allow for easy introduction of
various substituents into their structure.

Half sandwich ruthenium (Il) complexes bearing azdigand were synthesized and
characterized byH NMR and**C NMR. n®-arene ruthenium complexe8a3f) bearing N-
substituted imidazoline and benzimidazole (L) wet#ained from treatment of the [Ru(
cymene)CJ], with L in 1:2 stoichiometric ratio in toluene at@°C for 5 h. (Scheme 2).

Ru
a” Sa
N a-3¢

]F @[I\? 3d-3f
SRS = SIS o SN -

3a/3d 3b/3e 3¢/3f

Scheme 2Synthesis of\®-arene ruthenium complexes with N-substituted imidiae and
benzimidazole ligand.

All the complexes were isolated as air-stable, hpgroscopic solids, soluble in dimethyl-
formamide, dimethylsulfoxide and halogenated sdivesuch as chloroform, dichloromethane
but insoluble in petroleum ether, diethyl etherd amhexane and do not show any signs of
decomposition in solution upon exposure to airdays.
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Noyori et al. discovered a ruthenium(ll) complexes that provetié¢ excellent catalysts for the
transfer hydrogenation of ketones under mild cooné®”?® Ruthenium complexes of the type
[RuCh(n®-arene)P)] with P as a monodentate phosphorus lig&hdiespite being stable and easy
to prepare, have seldom been used in transfer ggdegion. Rossell and cowork& seported
the use of [RuG[n®>-p-cymene)(PP¥] and [RuCh(n’®-p-cymene)(PMeP4)] in the reduction of
cyclohexanone, Li and coworkétshave recently reported very good activities of CRn®-
benzene)(PA)] complexes (Ar = Php-CRCgHs) in the reduction of the same substrate.
Catalytic hydrogen transfer reactions of ruthenwomplexes of N-coordinated imidazoline and
benzimidazole ligand are very limited for this rneag. Due to the encouraging application of
half sandwich ruthenium compounds in transfer hgdration catalysis, we have also examined
the catalytic activity of the complex8s-3f toward reduction of carbonyl group of ketones. The
classical transfer hydrogenation of acetophenon2-psopanol was chosen as a model reaction.
The results depicted in Table 1 indicates that dergs 3a-3f are active catalysts, leading to
nearly quantitative conversions (yield 98%) of apéenone into 1-phenylethanol after 12 h.
The results of the catalytic transfer hydrogenati®cheme 3) of acetophenong;
fluoroacetophenongy-chloroacetophenong-bromoacetophenong;methoxyacetophenone;
methylacetophenone awemethylacetophenone are summarized in Table 1.

O OH

X Ru complexes, PrOH
| CHs P - | A CH;
R/ = KOB, 80 °C, 12 h G

R=H,F, Cl, Br, OMe, Me

Scheme 3 Transfer hydrogenation of acetophenones.

Table 1 Transfer hydrogenation of ketones with 2-proparaélyzed by ruthenium imidazoline
and benzimidazole complex

Entry Substrate: R in catalyst Yield TON TOF(RY
RCH,COCH; (%)?
1 3a 79 790 66
2 3b 83 830 69
3 H 3c 98 980 82
4 3d 98 980 82
5 3e 96 960 80
6 3f 96 960 80
7 3a 78 780 65
8 3b 82 820 68
9 p-F 3c 73 730 61
10 3d 90 900 75
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Table 1 (continued)

11 3e 91 910 76
12 3f 86 860 72
13 3a 57 570 47
14 3b 80 800 67
15 3c 86 860 72
16 p-Cl 3d 97 970 81
17 3e 90 900 75
18 3f 92 920 77
19 3a 65 650 54
20 3b 92 920 77
21 3c 77 770 64
22 p-Br 3d 95 950 79
23 3e 88 880 73
24 3f 93 930 78
25 3a 74 740 62
26 3b 71 710 59
27 3c 82 820 68
28 p-OMe 3d 84 840 70
29 3e 79 790 66
30 3f 76 760 63
31 3a 65 650 54
32 3b 58 580 48
33 3c 53 530 44
34 p-Me 3d 67 670 56
35 3e 59 590 49
36 3f 61 610 51
37 3a 77 770 64
38 3b 63 630 52
39 3c 67 670 56
40 o-Me 3d 89 890 74
41 3e 74 740 62
42 3f 83 830 69

2 Reaction conditions: Catalyst (1.0 mol %), ketoberol), iPrOH (10 mL), KOBU(5mmol%), 80 °C,
12 h. Purity of compounds is checked by NMR and @@ yields are based on the product alcohols.
TON: moles of product per moles of catalyst; TOBles of product per moles of catalyst per houhin
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Table 2 Effect of the amount of catalyst and temperaturéhe transfer hydrogenation usidgj

Entry Substrate: Rin Catalyst (3d) Temp. Yield TON TOF(HY)
RCH,COCH;  (mol%) (°C) (%)

1 0.5 80 68 340 28

2 H 0.1 80 a7 47 4

3 1.0 50 32 320 27

4 0.5 80 58 290 24

5 p-Cl 0.1 80 42 42 3

6 1.0 50 39 390 32

2 Reaction conditions: ketone (1mmol), iPrOH (10 rKPBU (5mmol%), 12 h. Purity of compounds is
checked by NMR and GC, and yields are based orptbéuct alcohols. TON: moles of product per
moles of catalyst; TOF: moles of product per matesatalyst per hour, inh

Table 3. Transfer hydrogenation of benzaldehydes withdsanol catalyzed byd complex

0 OH
H 3d, 'PrOH . | A H
KOBU/, 80 ° =
R u', 80°C, 5 h o~

R = H,Cl, OMe

Entry Substrate: Rin  Yield TON TOF(h)

RC,H.COH (%)?

1 H 89 890 178

2 Cl 91 910 182

3 OMe 81 810 162

@ Reaction conditions: benzaldehyde (Immd&POH (10 mL), KOBbU (5mmol%), 5 h. Purity of
compounds is checked by NMR and GC, and yieldsbased on the product alcohols. TON: moles of
product per moles of catalyst; TOF: moles of praghes moles of catalyst per hour, it h

The nature and position of substituents in the atanketones result in significant effects on
the catalyst activity. The-substituted acetophenone with the electron domdustguentp-
methoxy is reduced more slowly than acetophenoogably, with an electron-donating methyl
group in theo-position the reaction is accelerated, but when gposition of substrate is
substituted the rate is lowered. The activities@hplexes have been explained on the basis of
electron releasing groups present on aromaticaimdyelectronic effects about the metal centre.
It has been observed that the presence of eleatteasing groups on the aromatic ring increases
electron density on metal centre and the rateawister hydrogenation. It is noteworthy that the
N-substituted imidazoline ruthenium complex8a-Bq display differences fronN-substituted
benzimidazole ruthenium complexe&l{3f) in reactivity (Table 1). As substituent, pentanyet
benzyl group on the aromatic ring is the more eifecthan other substitents. Consequently,
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complex3d was observed the most active complex. In ordeesbthe effect of temperature on
catalyst 8d) performance, the catalytic reaction was perforiae80 °C and the lower yield was
obtained (Table 2, entries 3, 6). The effect oflyat loading on the product yield in transfer
hydrogenation of acetophenone apethloroacetophenone was examined under the same
reaction conditions. The most efficient compBekwas used to investigate the effect of catalyst
loading. The lower yield was obtained when the loadatalyst from 1.0 mol% to 0.5 mol% and
0.1 mol% was decreased (Table 2, entries 1,4 aByl Byhen the examined to transfer
hydrogenation of Ru(ll) arene complexes in therditere, it is seen that catalysts used in this
study have been an passable efficiency in thefeahgdrogenatiori? Interestingly, the complex
3d also efficiently catalyzes the reduction of bedellyde derivatives to benzylalcohol
derivatives with 81-91 % vyields (Table 3).

Although no mechanistic studies have been perforntied catalytic transformation of
ketones most probably follows the classical pathwayvhich ketones coordinate to hydride
ruthenium metal intermediaté®* Formation of the compounds containing Ru-H from@u
precursors are well-document@guch as in situ generated Ru-H species can aitteasctive
catalysts for transfer hydrogenation of ketoffé§. The proposed mechanism of transfer
hydrogenation of ketone using catalysts reportdtiérmanuscript is depicted in Scheme 4.

H
+ base
R R'

Scheme 4.The proposed mechanism of transfer hydrogenatioketdne with half sandwich
ruthenium (Il) complexes.
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In order to generate the catalytic active specighenium complexand potassium tert-butoxide
were dissolved in 2-propanol. A base such as potastert-butoxide is necessary to formation
of the compounds containing Ru-H from Ru-CI.

Conclusions

In summary, this report describes the preparatioth eharacterization of new-substituted
imidazoline (a-19 and benzimidazole2p) ligands, and the transfer hydrogenation actioity
novel half sandwich ruthenium (Il) complexeg8a{3f). The catalytic reaction results
demonstrated that all complexes are highly efficieriransfer hydrogenation of ketones. We are
currently investigating the scope and applicatidrth@se complexes as catalysts for various
organic reactions.

Experimental Section

General. All synthesis were carried out under an inert aph@re using Schlenk line techniques.
Chemicals and solvents were purchased from Signdachl Co. (Dorset, UK). Solvents were
dried with standard methods and freshly distilledompto use.Elemental analyses were
performed by LECO CHNS-932 elemental analyzerltikig points were measured in open
capillary tubes with an Electrothermal-9200 meltpmnt apparatus. FT-IR spectra was recorded
as KBr pellets in the range 400-4000 tn a Perkin Elmer Spectrum 1061 NMR and**C
NMR spectra were recorded using a Varian As 400khtespectrometer operating at 400 MHz
(*H), 100 MHz {3C) in CDCEwith tetramethylsilane as an internal references MIVR studies
were carried out in high-quality 5 mm NMR tubesgr&ils are quoted in parts per milliondas
downfield from tetramethylsilan& (.00) as an internal standard. Coupling constgnslues)
are given in Hertz. NMR multiplicities are abbrae@ as follows: s = singlet, d = doublet, t =
triplet, m = multiplet signal. All catalytic reaotis were monitored on a Agilent 6890N GC
system by GC-FID with a HP-5 column of 30 m lendif82 mm diameter and 0.28n film
thickness. Column chromatography was performedgusilica gel 60 (70-230 mesh). Solvent
ratios are given as Vv/v.

General procedure for the preparation of the 1-alkyimidazoline. A solution of N-
alkylethane-1,2-diamine (10 mmol) and M€H(OMe) (11 mmol) was slowly heated. When
the oil-bath temperature reached 7580 NMeH and MeOH began to distil off. The pale
yellow residue was distilled at 90—180 (0.1mmHg) to obtain a colorless liquid.
N-(2,3,4,5,6-Pentamethylbenzyl)imidazoling1a). Yield: 1.61 g (70%). FT-IRcn: 1598 cnf-

'H NMR (399.9 MHz, CDG) & (ppm): 6.66 (s, 1H, NBN), 4.28 (s, 2H, NE,Cs(CHs)s-
2,3,4,5,6), 3.83 and 3.27 (t, 4H, 9.9 Hz, NCGH,CH,N), 2.30, 2.28, and 2.26 (s, 15H,
NCH,Cs(CH3)s-2,3,4,5,6).1*°C NMR (100.5 MHz, CDG) & (ppm): 156.4 (\CHN), 134.9,
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133.0, 132.9 and 129.8 (NGEs(CHs)s-2,3,4,5,6), 55.0GH,Cs(CH3)5-2,3,4,5,6), 49.3 and 46.8
(NCH.CH.N), 17.1, 16.8, and 16.6 (NGHBs(CH3)s-2,3,4,5,6). Anal. Calc. for gH2oNy: C,
78.21; H, 9.63; N, 12.16. Found: C, 78.25; H, 9168012.15 %.
N-(2,3,5,6-Tetramethylbenzyl)imidazoline(1b). Yield: 1.66 g (77%). FT-IRcy: 1595 cnf.
'H NMR (399.9 MHz, CDGJ)) 5 (ppm): 6.66 (s, 1H, NBN), 6.97 (s, 1H, NChCsH(CHs)s-
2,3,5,6), 4.27 (s, 2H, NCgH(CHg3)4-2,3,5,6), 3.28 and 3.24 (t, 4H,9.9 Hz, NGH,CH,N),
2.26 and 2.24 (s, 12H, NGBgH(CH3),-2,3,5,6).2*C NMR (100.5 MHz, CDG) § (ppm): 156.4
(NCHN), 134.1, 133.4, 132.3, and 131.5 (NfGBH(CH3)s-2,3,5,6), 54.9 CH,CsH(CHa)s-
2,3,5,6), 49.2 and 46.3 MH,CH>N), 20.5 and 15.6 (C#€sH(CH3)s-2,3,5,6). Anal. Calc. for
CiaHooN2: C, 77.73; H, 9.32; N, 12.95. Found: C, 77.719884; N: 12.90 %.
N-(3,5-Dimethylbenzyl)imidazoline (1c). Yield: 1.41 g (75%). FT-IRcn: 1601 cn. *H NMR
(399.9 MHz, CDGJ) 8 (ppm): 6.96 (s, 1H, NBN), 6.94 (s, 1H, NCh{CsH3(CHj3).-3,5), 6.87 (s,
2H, NCH2C5H3(CH3)2-3,5), 422 (S, 2H, NBQC6H3(CH3)2-3,5), 3.84 and 3.14 (t, 4H,99 HZ,
NCH,CH;N), 2.33 (s, 6H, NChCgH3(CH3)»-3,5).2°C NMR (100.5 MHz, CDG) § (ppm): 157.5
(NCHN), 138.3, 136.9, 129.4, and 125.6 (N£C]5H3(CH3)2-3,5), 55.2 (N:HQCGH;;(CH;;)Q-B,5),
51.6 and 46.2 (BRH,CH2N), 21.3 (NCHCsH3(CH3),-3,5). Anal. Calc. for @HigN2: C, 76.55;
H, 8.57; N, 14.88. Found: C, 76.57; H, 8.55; N:9D4%.

General procedure for the preparation of the N-substuted benzimidazoles.The synthesis
and characterization @a and2c ligands have been indicated by R.W. Hartmann i3
Synthesis 0fN-(2,3,5,6-tetramethylbenzyl)benzimidazolg2b). Benzimidazole (10 mol) was
added to a solution of NaH (10 mol) in dry THF 8Q), the mixture was stirred for 1 h at room
temperature, and the 2,3,5,6-tetramethylbenzyl rddo(10.1 mol) was added dropwise and
heated for 8 h. The solvent was removed in vacuwafter that dichloromethane (50 mL) was
added in the Schlenk tube. The mixture was filteamd then the salt was separated from
solution. The solution was concentrated and diegltlyer was added. The colorless product was
obtained as a crystalline material.

N-(2,3,5,6-tetramethylbenzyl)benzimidazole (2b)Yield: 2.43 g (92%). Mp170-17%C. FT-IR
vieny: 1473 et 'H NMR (399.9 MHz, CDGJ) § (ppm): 7.45 (s, 1H, NBN), 7.88-7.84 (m, 1H,
NCeH4N), 7.58-7.55 (m, 1H, NgHsN), 7.43-7.33 (m, 2H, NgN), 7.11 (s, 1H,
CH,CeH(CH3)4-2,3,5,6), 5.33 (s, 2H, KCeH(CH3)s-2,3,5,6), 2.31 and 2.18 (s, 12H,
CH,CsH(CH3)s-2,3,5,6).1°C NMR (100.5 MHz, CDG) & (ppm): 143.2 (\CHN), 141.5, 133.9,
122.6, 120.1, 113.7, and 109.7 GM§H4N), 134.7, 132.7, 129.6 and 123.1 (TH(CHs),-
2,3,5,6), 43.9 CH,CsH(CHz3)4-2,3,5,6), 20.5 and 15.5 (GEsH(CHs)s-2,3,5,6). Anal. Calc. for
CigH20N2: C, 81.78; H, 7.63; N, 10.60. Found: C, 81.757H,7; N: 10.57 %.

Synthesis and characterization of the ruthenium indazoline/benzimidazole complexes
3a-3f

A solution of the N-substituted imidazoline and biemdazole (1.05 mmol) and [Rufb-
cymeng], (0.5 mmol) in toluene (20 mL) were heated unddiuxefor 5 h. Upon cooling to
room temperature, orange crystals3af-f were obtained. The crystals were filtered off, wekh
with diethyl ether (3 x 15 mLand dried under vacuum.
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[RUCl(p-cymene){(N-(2,3,4,5,6-pentamethylbenzyl)imidazoling) (3a). Yield: 0.47 g (88%).
Mp 220-221°C. IR:vey 1612 cnt. *H NMR (399.9 MHz, CDGQ) § (ppm): 7.21 (s, 1H, NBN),
5.37 and 5.19 (d, 4H] 5.4 Hz, (CH),CHCH,CHs-p), 4.40 (s, 2H, NE,Cs(CHs)s-2,3,4,5,6),
4.07 and 3.41 (t, 4H] 10.5 Hz, NG,CH,N), 2.97 (hept., 1H) 6.6 Hz, (CH),CHCsH4CHs-p),
2.25 (s, 3H, (CR),CHCGH4CH3-p), 2.28, 2.24 and 2.23 (s, 15H, N&E(CH3)s-2,3,4,5,6), 1.26
(d, 6H, J 6.6 Hz, ((H3),CHCsH4CHs-p). *C NMR (100.5 MHz, CDG) & (ppm): 160.6
(NCHN), 135.5, 133.1, 133.0 and 128.0 (NLK(CHs)s-2,3,4,5,6), 101.8, 96.9, 81.9, and 80.7
(CHg),CHCgH,CHz-p), 57.0 and 48.3 (NH,CH.N), 46.4 (CH,Cs(CH3)s-2,3,4,5,6), 30.7
(CH3)2CHC6H4CH3-D), 22.2 CH3)2CHC6H4CH3-p), 18.7 (CH)2CHC6H4CH3-D), 17.1, 16.9, and
16.7 (NCHC4(CH3)s-2,3,4,5,6). Anal: Calc. for £&H3sCIoN,Ru: C, 55.91; H, 6.76; N, 5.22.
Found: C, 55.94; H, 6.79; N, 5.26 %.
[RuCly(p-cymene){(N-(2,3,5,6-tetramethylbenzyl)imidazoline) (3b). Yield: 0.42 g (81%). Mp
217-218°C. IR: ven 1614 cnt.*H NMR (399.9 MHz, CDGJ) & (ppm): 7.23 (s, 1H, NBN),
7.97 (s, 1H, NCHCgH(CHs).-2,3,5,6), 5.37, and 5.19 (d, 4B15.7 Hz, (CH),CHCsH4CHs-p),
4.39 (s, 2H, NEI,CsH(CHs)s-2,3,5,6), 4.07, and 3.38 (t, 4H,10.2 Hz, NG,CH;N), 2.96
(hept., 1H,J 6.9 Hz, (CH),CHCsH4CHs-p), 2.23 and 2.19 (s, 12H, NGEH(CH3)s-2,3,5,6),
2.22 (s, 3H, (CH,CHCsH4CHs-p), 1.27 (d, 6H,J 6.9 Hz, (GH3),CHCsH4CHa-p). °C NMR
(100.5 MHz, CDGJ) 6 (ppm): 160.8 (\CHN), 134.3, 133.4, 131.9, and 130.7 (NLCEH(CHa)4-
2,3,5,6), 101.8, 96.9, 81.9, and 80.7 ¢€ZBHCH,CHs-p), 57.0, and 48.2 (®@H,CHN), 45.9
(CH2CeH(CHz)4-2,3,5,6), 30.7 (Ck)2CHCeH4CHz-p), 22.2 CH3).CHGH4CHs-p), 20.5 and 15.7
(CHCgH(CH3)4-2,3,5,6),18.7 (CH).CHCsH4CH3-p). Anal: Calc. for G4H34Cl.N2Ru: C, 55.17;
H, 6.56; N, 5.32. Found: C, 55.14; H, 6.51; N, 3240
[RuCl,(p-cymene){N-(3,5-dimethylbenzyl)imidazoline)] (3c). Yield: 0.43 g (87%). Mp 155-
156°C. IR: vy 1598 cn.'H NMR (399.9 MHz, CDG) § (ppm): 7.38 (s, 1H, NBN), 6.92 (s,
1H, NCH,CgH3(CHs)2-3,5), 6.79 (s, 2H, NCHCsH3(CHs)2-3,5), 5.40 and 5.22 (d, 4H,6.0 Hz,
(CHg)o,CHCsH4CHz-p), 4.20 (s, 2H, NE,CeH3(CH3)2-3,5), 4.11 and 3.35 (t, 4H), 10.2 Hz,
NCHQCHzN), 3.00 (hept., 1H.J 6.9 HZ, (CH,)QCHCGH4CH3-D), 2.29 (S, 6H, NClzCeHg(CH3)2-
3,5), 2.23 (s, 3H, (CBLCHCsH4CH3-p), 1.29 (d, 6H,) 6.9 Hz, (GH3),CHCsH4CHs-p). *C NMR
(100.5 MHz, CDC) & (ppm): 161.3 (KCHN), 138.5, 135.1, 129.0, and 125.8
(NCH,CsH3(CH3),-3,5), 102.0, 96.8, 81.8, and 80.9 (§{M€HCsH,CHsz-p), 57.3 and 48.1
(NCH,CH2N), 51.8  (NCH,CgH3(CH3)2-3,5), 30.7 (CH),CHCsH4CHs-p), 22.3
(CH3)2CHC6H4CH3-D), 21.3 (NCHCGH;;(CH3)2-3,5),187 (CH;)2CHC6H4CH3-D) Anal: Calc. for
CooH3CIbN2RuU: C, 53.44; H, 6.12; N, 5.67. Found: C, 53.476H9; N, 5.70 %.
[RuCly(p-cymene)N-(2,3,4,5,6-pentamethylbenzyl)benzimidazole)] (3d). Yield: 0.53 ¢
(91%). Mp 228-229C. IR: ven 1463 cnt. *H NMR (399.9 MHz, CDGJ) § (ppm): 7.97 (s, 1H,
NCHN), 8.13-8.10 (m, 1H, NEH4N), 7.53-7.51 (m, 1H, NgHN), 7.42-7.39 (m, 2H, NgH4N),
5.40 and 5.31 (d, 4H,6.0 Hz, (CH),CHC:H4CHs-p), 5.34 (s, 2H, B,C4(CH3)s-2,3,4,5,6), 2.66
(hept., 1H,J 6.9 Hz, (CH),CHC¢H,CHs-p), 2.26, 2.20 and 2.18 (s, 15H, &F(CHs)s-
2,3,4,5,6), 2.12 (s, 3H, (GHCHCsH4CHs-p), 1.10 (d, 6H, 6.9 Hz, (GH3),CHCsH4CHs-p). °C
NMR (100.5 MHz, CDG)) & (ppm): 144.2 (\CHN), 142.9, 136.7, 124.0, 123.7, 120.9, and
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110.5 (NGH4N), 134.0, 133.6, 133.3, and 126.4 (T{CH3)s-2,3,4,5,6), 101.9, 98.0, 83.0, and
80.9 (CH).CHCeH4CHs-p), 45.1 CH2Cs(CHs)s-2,3,4,5,6), 30.5 (CEJ,.CHCeH4CHs-p), 22.1
(CH3),CHCsH4CH3-p), 18.5 (CH),CHCs;H,CHs-p), 17.2, 16.9, and 16.7 (GBs(CH3)s-
2,3,4,5,6). Anal: Calc. for £H3sCIoN2Ru: C, 59.58; H, 6.21; N, 4.79. Found: C, 59.556H.3;
N, 4.82 %.

[RuCl,(p-cymene)(N-(2,3,5,6-tetramethylbenzyl)benzimidaze)] (3¢): Yield. 0.48 g (85%)).
Mp 231-232°C. IR: ven 1460 cnt. *H NMR (399.9 MHz, CDG) § (ppm): 7.97 (s, 1H, NBN),
8.13-8.08 (m, 1H, NgHsN), 7.51-7.47 (m, 1H, NEHsN), 7.43-7.36 (m, 2H, NEH4N), 7.09 (s,
1H, CHCgH(CH3)4-2,3,5,6), 5.39 and 5.31 (d, 4816.0 Hz, (CH),CHCsH4CHs-p), 5.33 (s, 2H,
CH,C¢H(CHs)4-2,3,5,6), 2.63 (hept., 1H,6.9 Hz, (CH),CHCsH,CHs-p), 2.28 and 2.16 (s, 12H,
CH.Ce¢H(CH3)4-2,3,5,6), 2.14 (s, 3H, (CGHCHCH4CHszp), 1.09 (d, 6H,J 6.9 Hz,
(CH3),CHCsH4CHs-p). *C NMR (100.5 MHz, CDG) & (ppm): 144.2 (KCHN), 142.8, 134.0,
124.1, 123.7, 120.8, and 110.5GMHsN), 134.8, 133.8, 133.0, and 129.3 (CkH(CH3)s-
2,3,5,6), 101.8, 98.1, 82.9, and 80.9 EBHCsH4CHz-p), 44.6 CH,CsH(CH3)4-2,3,5,6), 30.5
(CH3)2CHC6H4CH3-p), 22.1 CH3)2CHC6H4CH3-p), 18.5 (CH)2CHC5H4CH3-D), 20.5 and 15.7
(CH2CeH(CH3)4-2,3,5,6). Anal: Calc. for £H34CloN2Ru: C, 58.94; H, 6.01; N, 4.91. Found: C,
58.97; H, 6.05; N, 4.87 %.

[RuCl,(p-cymene)(N-(3,5-dimethylbenzyl)benzimidazole)3f). Yield: 0.43 g (80%). Mp 256-
257°C. IR: ven 1465 cnitt. *H NMR (399.9 MHz, CDGJ) 6 (ppm): 8.02 (s, 1H, NBN), 8.11-
8.03 (m, 1H, NGH4N), 7.59-7.41 (m, 1H, NgHsN), 7.38-7.31 (m, 2H, NgH4N), 7.00 (s, 1H,
NCH,CsH3(CHs)2-3,5), 6.80 (s, 2H, NCHCsH3(CHs)2-3,5), 5.53 and 5.40 (d, 4H), 5.9 Hz,
(CH3)2CHC6H4CH3-D), 5.13 (S, 2H, N62C6H3(CH3)2-3,5), 2.80 (hept., 1HJ 6.9 Hz,
(CH3)2CHC6H4CH3-p), 2.26 (S, 6H, NCbC5H3(CH3)2-3,5), 2.14 (S, 3H, (C62CHC6H4CH3-D),
1.21 (d, 6H,J 6.9 Hz, (GH3),CHCsH4CHs-p). *C NMR (100.5 MHz, CDG)) & (ppm): 144.9
(NCHN), 142.6, 134.6, 132.3, 124.2, 118.8, and 11RQsH,N), 138.7, 133.8, 130.1, and 125.2
(NCH,CeH3(CHs3)2-3,5), 102.6, 97.9, 83.0, and 81.2 I€CHCH,CHs-p), 49.6
(NCH2C6H3(CH3)2‘3,5), 30.6 (CH)2CHC6H4CH3-D), 22.3 CH3)2CHC5H4CH3-p), 21.3
(NCH,CgH3(CH3)2-3,5), 18.5 (CH),CHCsH4CHs-p). Anal: Calc. for GgH3cCIoN2RuU: C, 57.56;
H, 5.57; N, 5.16. Found: C, 57.51; H, 5.60; N, 3220

General procedure for the transfer hydrogenation ofketones

Under an inert atmosphere, a mixture containingddmaplexes [RuG(1-alkylimidazoline)p-
cymene)]/[RuCi(1-alkylbenzimidazole}-cymene)] 8a-f) (0.01mmol), KOBU (5 mmol%),
ketone (1 mmol) was heated at 80 °G-iarOH (10 mL) for 12 h. The solvent was removed
under reduced pressure and product distribution dessrmined byH NMR spectroscopy and
GC.
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