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Abstract
Treatment of metalloligand [Ni(tsalphen)] (tsalphers N,N’-bis(2-thiobenzylidene)-1,2-

phenylenediaminato) with #f-p-cymene)RuCl¢-Cl)]. or [CpRu(PPH.CI] afforded cationic “Nig-
SpRuU”  bimetallic  complexes  [f-p-cymene)Ru{Ni(tsalphen)}(MeCN)](OT$) (1) and
[CpRu{Ni(tsalphen)}(PPh](NiCl;)[@MeOH @), respectively, which are characterized by single-
crystal X-ray diffraction, and their catalytic adty for acetalation of benzaldehyde in the preseotc

H, was also investigated.
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1. Introduction

Bioinspired designs thus have led to new catabggtems for hydrogen production or uptake that
minic all or part of the structure of the -Fee hydrogenase active site in the past decades [1].
Furthermore, dinuclear Ni-Fe complexes with siguifit catalytic activity for the hydrogen evolution
reaction have been reported recently [2]. As a wmimolecular catalyst for #H" interconversion,
hydrogenases are competitive with platinum metalaAesult, people have paid much attention on the
synthesis of a great variety of biomimetic compgexégth the aim of both better understanding the
catalytic mechanism of native [NiFe] and [NiRu] Ingdenases at the molecular level and developing
new electrocatalysts to be used in electrolytictpsynthetic cells for hydrogen production [3]. Sinc
the active sites of the [NiFe] enzymes consist @hidlate-linked Ni-Fe center bearing little
resemblance to known compounds, quite a few Nidraptexes with the structural characterization
have been well documented. Typically, such bimetaibmplexes are prepared by the interaction of
iron reagents with diaminidithiolates of nickel(1§s these diamini-dithiolate building blocks corser
a fairly large class of complexes [4].

As known, ruthenium can easily accommodate bottl Bad soft ligands including dihydrogen or
hydride. Many ruthenium complexes as well as onatlienium analogue of the iron-only hydrogenase
active site are known to catalytically activate flogen [5]. Since Darensbourg showed that {p8}
moieties can serve as ligands in the same wayimnds [6], it was tempted to use such moieties to
prepare and investigate nickel-ruthenium complgXgsNotably, Ogo and his coworkers reported the
NiRu-based, hO-coordinated big(-thiolato)Ni'Ru' complex [(NI'L)Ru"(H20)(17°-CsMeg)](NO3),

(A), which successfully reacted with,Hn water to give a hydrido bridged histhiolato)Ni' Ru"
complex [(NI'L)(H20)(t-H)RU" (7°-CsMeg)](NO3)  (B), where L = N,N-dimethylN,N"-bis(2-
mercaptoethyl)-1,3-propanediamine [8]. Afterwar@go group reported several other NiRu-based
complexes by altering the organoruthenium moieseash as the aromatic rings, in order to shed light
on the structure-function relationships in thisselaf catalysts, and to gain more insight into the
reaction activity of the dinuclear complexes with[Bb,7b,c]. Herein, we described the employment of
metalloligand [Ni(tsalphen)] (Chart 1) to preparewndinuclear organoruthenium-nickel complexes,
with the tetradentate rigid ligand around the niciken and the organometallic ligand set of the
ruthenium center. The reactivity of the structwyralefined complexes towards, kvas also initially

investigated.



2. Experimental
2.1. General

All synthetic manipulations were carried out undey nitrogen by standard Schlenk techniques.
Solvents were purified, distilled and degassedrgoaise. Published procedures were followed in the
preparation of [Ni(tsalphen)] (tsalphen N;N'-bis(2-thiobenzylidene)-1,2-phenylenediaminato}, [9
[(7°-p-cymene)RuCl¢-CI)]2 [10], and [CpRu(PRCI] (Cp = cyclopentadienyl) [11]. AgOTf (OTf =
OSOCF;) was purchased from Alfa Aesar Ltd and used witHfauher purification. NMR spectra
were recorded on a Bruker ALX 400 spectrometer atpey at 400 and 162 MHz fdiH and3'P,
respectively. Chemical shifts)(ppm) were reported with reference to SiMiH) and 85% HPO,
(*'P). Infrared spectra (KBr) were recorded on a PeBitimer 16 PC FT-IR spectrophotometer with
use of pressed KBr pellets and positive FAB magstsp were recorded on a Finnigan TSQ 7000
spectrometer. Elemental analyses were carried iagwa Perkin-Elmer 2400 CHN analyzer. GC-MS

experiments were performed on a Shimadzu GC-MS PQLIS instrument.

2.2. Preparation of [°-p-cymene)Ru{Ni(tsalphen)}(MeCN)](OTfL)

To a solution of [°-p-cymene)RuCl(-Cl)], (61.2 mg, 0.10 mmol) in methanol (5 mL) was
added a solution of AgOTf (102.4 mg, 0.40 mmoljtetrahydrofuran (THF) (3 mL), and then the
mixture was stirred for 20 min at room temperaturee red filtrate was added to the solution of
[Ni(tsalphen)] (63.6 mg, 0.20 mmol) in THF (10 mlthe resulting orange solution was continuously
stirred overnight at room temperature and then eoinated ca. 1 mL. Slow addition of diethyl ether
gave an orange precipitate, which was recrystallfrem acetonitrile/diethyl ether. Yield: 58 mg,%83
(based on Ru). Single crystals suitable for X-raystallography were obtained by slow diffusion of
diethyl ether into an acetonitrile solution of tt@mplex."H NMR (400 MHz, DMSO#ds): § 1.17 (d,J
= 6.8 Hz, 6H, CH(El3),), 2.21 (s, 3H, ArEl3), 2.88 (sept, 1H, B(CHz),), 6.27 (d,J = 6.4 Hz, 4H, p-
iPrGHsMe), 6.68 (dJ = 6.4 Hz, 4H, gPrGHsMe), 6.98-7.08 (m, 2H, At), 7.18-7.23 (m, 2H, At),
7.30-7.38 (m, 2H, AH), 7.45-7.56 (m, 2H, Ad), 7.78-7.83 (m, 4H, Ad), 8.90 (s, 2H, N=@). °C
NMR (400 MHz, DMSO€k): 19.4 (CHCH3),), 22.6 (ACH3), 31.1 CH(CHs),), 81.0 (cymene), 81.8
(cymene), 97.2 (cymene), 101.7 (cymene), 118.3, (B2%.6 (Ar), 126.0 (Ar), 129.5 (Ar), 132.8 (Ar),
133.6 (Ar), 134.9 (Ar), 135.5 (Ar), 140.6 (Ar), 183(N=CH). IR (KBr disc, cni): ve=n 2373(S) Ve=n



1603(m). FAB-MS (MeCN):m/z 681.5 [¢7>-p-cymene)Ru{Ni(tsalphen)}(MeCNJ] 640.4 [(7°*-p-
cymene)Ru{Ni(tsalphen)}} Anal. Calc. for G4H3:N30sFsS4NiRu: C, 41.68; H, 3.20; N, 4.29. Found:
C, 41.45; H, 3.17; N, 4.22.

2.3. Preparation of [CpRu{Ni(tsalphen)}(PB(NiCl;)/4MeOH @)

A mixture of [Ni(tsalphen)] (81.0 mg, 0.30 mmohd[CpRu(PP§.Cl] (72.6 mg, 0.15 mmol) in
acetonitrile (15 mL) was heated at reflux overnightring which there was a color change from dark
red to dark brown. The solvent was removedacuq and the residue was washed with hexane and
diethyl ether. Recrystallization from acetonitnitethanol/diethyl ether afforded black block-shaped
crystals of [CpRu{Ni(tsalphen)}(PR}j2(NiCl;)[4MeOH @) in a week. Yield: 85 mg, 74% (based on
Ru).*H NMR (400 MHz, DMSO#dg): & 5.61 (s, 5H, Cp), 6.95-7.83 (m, 27H,Hr 8.87 (s, 2H, N=6).
31p{'H} NMR (162 MHz, DMSO#k): & 51.9.*C NMR (400 MHz, DMSOdg): 78.7 (Cp), 118.9 (Ar),
125.3 (Ar), 126.7 (Ar), 130.0 (Ar), 130.5 (Ar), 183(Ar), 134.0 (Ar), 134.7 (Ar), 136.0 (Ar), 136.9
(Ar), 139.2 (Ar), 142.1 (Ar), 170.1 (NEH). IR (KBr disc, cm'): ve=n 1600 (m). FAB-MS (MeCN):
m/z 831.6 [CpRu{Ni(tsalphen)}(PR)*, 569.3 [CpRu{Ni(tsalphen)}] Anal. Calc. for
CgeHeaN4Cl4P.SNiIsRWIE(CH,0): C, 54.27; H, 4.05; N, 2.81. Found: C, 54.134H,1; N, 2.85.

2.4. X-ray crystallography

A summary of crystallographic data and experimedédils for complexe$ and2 are listed in
Table 1. Intensity data were collected on a BrURBTART APEX 2000 CCD diffractometer using
graphite-monochromated MoeKradiation @ = 0.71073 A) at 293(2) K. The data was correctad f
absorption using the program SADABS [12]. Strucsunesre solved by the direct methods and refined
by full-matrix least-squares d¥f using the SHELXTL software package [18ll. non-hydrogen atoms
were refined anisotropically except for O3S, O18 &1S atoms of the solvent molecules due to
disorder. Hydrogen atoms in the phenyl and othegamic moieties were treated as idealized
contributions (Ge—H = 0.96 and Ge—H = 0.93 A). One methanol solvent molecule2iwas refined

without hydrogen atoms.

2.5. Typical procedure for acetalation of benzalghwith ethanol in the presence of NiRu complexes
and H



The catalyst solution was prepared by dissolvingmex 1 or 2 (0.005 mmol) in acetonitrile (60
mL). Under 1 atm hydrogen atmosphere, a mixturaldéhyde (2.0 mmol), 6 mL of the catalyst
solution (0.0005 mmol), and ethanol (12 mL) waseti at room temperature for four hours. After the
reaction was complete, the reaction mixture wasentnated under reduced pressure and subjected to
elimination of catalyst by silica gel column chraography using ethyl acetate/n-hexane (v:v = 1:5)

mixed solvents as eluent to afford the productcWwhvas identified through GC-MS analysis.

3. Results and discussion

The metalloligand [Ni(tsalphen)] was prepared byaliarnative method involving four synthetic
steps starting from 2-bromobenzaldehyde. To our kheswvledge, the reported [N#S,Ru] complexes
usually comprise two kinds of flexible ligandse. N,N’-dimethylN,N’-bis(2-mercaptoethyl)-1,3-
propanediamine and 1,5-bis(2-mercapto-2-methylgdyah$-diazacyclooctane [3a,8]. However, the
rigid and conjugate [Ni(tsalphen)] has attractesslattention. The f-p-cymene)Ru(MeOH)(OTH),
may be prepareith situ by the dechlorination of’-p-cymene)RuCl¢-Cl)],in the prescence of AgOTf
in methanol solution. Treatment of a THF solutiof [Ni(tsalphen)] with [¢7°-p-cymene)-
Ru(MeOH)}|(OTf), at room temperature furnished orangen®{-cymene)Ru{Ni(tsalphen)}-
(MeCN)](OTf), (1) in a relatively high yield. The cationic compléxs air-stable in the solid state but
easily oxygenates when exposed to air in solutmnaf couple of hours. The phosphine ligands in
[CpRu(PPR),Cl] are known to be labile, and this encouragedtascarry on the reaction of
[Ni(tsalphen)] and [CpRu(PBRCI], which afforded the PRh adduct [CpRu{Ni(tsalphen)}-
(PPR)]2(NiCl4)[AMeOH @), isolated as black crystals (Scheme 1). By theparison of complex,

complex2 is relatively air-stable both in solution and e tsolid state.

The IR spectra of complexdsand 2 clearly show medium bands w§-y in metalloligand
moiety [Ni(tsalphen)] at 1603 and 1600 ¢nrespectively, which red shifted about 10 toompared
with that in free [Ni(tsalphen)] (1590 ¢ [9c]. The stretching vibration of the=® of CH;CN was
observed in the absorption band at 2373"'cmhich was similar to those of GBN-coordinated Ru
complexes [(HMB)Ru(dppf)(CECN)](PFs)2 (HMB = r°-C¢Meg, dppf = 1,1-bis(diphenylphosphino)-
ferrocene, 2363 cil) and [(HMB)RU(CHCN)CI|(PFs) (2359 cn1) [14]. The'H NMR spectra of

5



complexesl and2 both show a singlet for theH=N group proton at around 8.90 ppm. Tie NMR

spectrum of comple® displays PPhisignal at 51.9 ppm as a singlet, comparable tbithténe related
complex [CpRu(PPHS,CNSiPrs(1-Naphth)] (53.7 ppm) [15]. The positive ion FABass spectra df

and 2 display the expected peaks which correspondedhéo dation ions (f°-p-cymene)Ru-
{Ni(tsalphen)}(MeCN)] or [CpRu{Ni(tsalphen)}(PP¥]*, and [(7>-p-cymene)Ru{Ni(tsalphen)}] or

[CpRu{Ni(tsalphen)} with the characteristic isotopic distribution eatts.

The molecular structures of rf{-p-cymene)Ru{Ni(tsalphen)}(MeCN)](OT$) (1) and
[CpRu{Ni(tsalphen)}(PPH](NiCl;)@MeOH @) have been established by single crystal X-ray
diffraction analysis. Complexek and 2 crystallize in monoclinid?2;/c and triclinic PT space groups,
respectively. The structures of cationic par®{p-cymene)Ru{Ni(tsalphen)}(MeCNj] in 1 and
[CpRu{Ni(tsalphen)}(PPK)]" in 2 are depicted in Figs. 1 and 2, respectively. Tthectires of bott
and2 contain a NigRu butterfly core, in which nickel atom and ruthemiatom are located in wing,
joined by a pair of bidentate thiolato ligands s body of the butterfly. The nickel atom adopts a
square planar geometry with the tetradentate ligaaphen, the bond angles of Nfilj(1)-S(1) and
N(2)-Ni(1)-S(2) in 1 are 176.36(10)° and 177.59(10)°, respectively. Tiend angles of
N(2)-Ni(1)-S(1) and N(13Ni(1)-S(2) in2 are 177.80(8)° and 176.49(6)°, respectively, alntbst
same to those id. The ruthenium atoms ifh and 2 both adopt a distorted-octahedral coordination,
which is surrounded by one aromatic ring, one rf@igand [Ni(tsalphen)], and one
acetonitrile/triphenylphosphine ligand. The 4S+Ru angles {84.41(4) and 84.39(4)°} df are
significantly larger than those @& {77.89(3) and 77.06(3)°}. Due to the larger angldee distance
{3.0760(6) A} between Ni and Ru it is obviously longer than that i {2.8828(7) A}, possibly
indicating triphenylphosphine coordinated ruthenispecies in comple® being more stable. In the
hydrido-bridged Nig-H)(u-SkRu complex [(NiL)(H20)(u-H)RU"(77°-CsMeg)](NO3) (L = N,N-
dimethylN,N"-bis(2-mercaptoethyl)-1,3-propanediamine), th@Ru distance is 2.739(3) A [8]. The
ruthenium center id features an C¥CN ligand with a RuN-C angle of 174.0(4)° and RN distance
of 2.082(4) A, which are normally compared with ettbimetallic [Nig:-S)Ru] complexes [Nip-
SRLRU'(CHsCN)(17°-CeMeg)](NO3),  [(U-SR) =  N,N-dimethyl-N,N"bis(2-mercaptoethyl)-1,3-
propanediamine, 165.5(2) 2.059(2) A] [7a] and [Cp*Ru(Ni(bme*-daco))(NCM@Tf (Cp* =
pentamethylcyclodiene, bme*-daco = [1,5-bis(2-mpta&-methylpropyl)-1,5-diazacyclooctane],
172.2(3}, 2.051(4) A) [3a]. The ruthenium center 2nfeatures a triphenylphosphine ligand with a



Ru-P bond length of 2.3311(10) A, similar to that irelated ruthenium(ll) complex
[CPRU(PPR)S,CNSiPr(1-Naphth)] (2.269(2) A) [15]. The Ru-S bond angles il and2 are
71.21(3y and 71.77(3) respectively, which are in good agreement witbséhin other reported
[NiN2S;Ru] complexes (71.2475.7T) [3a,8].

As known, Ogo reported that [(Ni)(H.0)(u-H)RU'(7°-CsMeg)]* with a bridging hydrido
ligand could be isolated from the heterolytic clege of H by a dinuclear NiRu aqua complex
[(Ni"L)(H20)RU' (7°-CsMeg)]?* (L = N,N'-dimethylN,N"-bis(2-mercaptoethyl)-1,3-propanediamine) in
water [8]. Complex2 was tested as the catalyst in the reaction of dldahyde and ethanol under
dihydrogen atmosphere. Through analysis of GC-M£tsa (see Fig. 3) and comparison with standard
compounds, the retention times of 2.171 and 3.2#2correspond to molecular weight of 106 and 180
g-mol*, which in turn correspond to molecular formula@HsO and GiH:¢0», respectively. As a
result, the species are supposed to be benzaldglgg¢eCHO) and benzaldehyde diethyl acetal
(CeHsCH(OCH,CHs3),), respectively, based on the designed reactiors ifdicates that acetalation of
benzaldehyde took place in the presence of dihyr@nd dinuclear organoruthenium-nickel complex
2 in ethanol solvent. The acetalation reaction uguadoceeds with H as the catalyst. Controlled
reaction without dihydrogen did not give the acetahpound, suggesting dihydrogen being the source
of H". PH measurements were performed on the reactioregs, which showed that the pH of the
solution decreased (from pH 6.5 to pH 5.1), indigathe heterolytic kicleavage [8,16]. However, we

did not isolate the expected metal hydride com@efter much effort.

It could be seen from Fig. 3 that the conversiosuth acetalation reaction was not high. The
impact of temperature, reaction time and the amotinatalyst was systematically investigated (Table
2). When the temperature increased frof€@o 40°C, the conversion of benzaldehyde increased from
1.72% to 14.73%, suggesting the higher temperabeneefits the reaction. However, when the
temperature is 68C, no obvious increase of the conversion was aelig¢entry 13). The reaction time
also had influence on the reaction. For examplesnithe reaction was carried at°@) the conversion
was 14.37% after 1h, while it reached 25.21% d&thy though more reaction time led to little inGea
(entry 12). As expected, the conversion increaséti e increased amount of dinuclear NiRu
complex (entry 14). When compldxwas employed to initiate the reaction, the proderizaldehyde
diethyl acetal was also observed. The conversionisis catalytic system are compared to that ieoth
transition metal catalyzed ethanolysis of benzaldeh[17]. It is noted that the GHN ligand of



[(Ni"L)Ru" (CHsCN)(7°-CsMes)](NOs), could be easily exchanged foe®ito give the aqua NRU"
complex [(NI'L)Ru" (H20)(77°-CsMeg)](NO3),, which converted to be the hydride metal complegraft
continuous H bubbling [7a]. Possibly heterolytic cleavage of by the dinuclear NiRu complexes
with [Ni(tsalphen)] took place during the acetadatireaction based on the previous research by Ogo,
who successfully isolated a paramagnetic dinualézkel-ruthenium complex with a bridging hydrido

ligand from the heterolytic cleavage of bly a dinuclear NiRu aqua complex [8].

In summary, two thiolate-bridged bimetallic nickethenium complexes were synthesized and
characterized. Isolation of the two nickel-ruthenicztomplexes suggests that [Ni(tsalphen)] could also
be employed as a metalloligand to construct heteretiallic Ni(u-S)Ru complexes. X-Ray diffraction
studies establish the NRu distances id (3.0760(6) A) an@ (2.8825(12) A) are slightly shorter than
those in related bimetallic nickel-ruthenium conxgle with flexible [NS;] ligands [3a, 3b, 7d]. The
triphenylphosphine ligand may stabilize the N§,Ru complex2, indicated by its shorter NiRu
distance and more stability both in solution andidsstate. Complexed and 2 could catalyze

acetalation of benzaldehyde with ethanol in thesg@nee of hydrogen.
4. Supplementary material

Crystallographic data for ff-p-cymene)Ru{Ni(tsalphen)}(MeCN)](OTf) (1) and
[CpRu{Ni(tsalphen)}(PPR]2(NiCl,)[AMeOH @) been deposited with the Cambridge Crystallogm@phi
Data Centre as supplementary publication nos. CABt8841 and 1578842, respectively. Copies of
the data can be obtained free of charge on apioiiced CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK [fax: (+44)1233-336-033; e-mail: deposit@ccdocac.uk].
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Table 1.
Crystallographic data and experimental detailg(fg?-p-cymene)Ru{Ni(tsalphen)}(MeCN)](OT$)(1) and
[CpRu{Ni(tsalphen)}(PPH](NiCl,)[dMeOH @).

complex

1

2

empirical formula

@H31N3OGF684NiRU

CocHgcN4O4P,CliSNisRW,

formula weight 979.64 1991.83
crystal system monoclinic triclinic
a(A) 11.4100(7) 12.255(2)
b (A) 20.9518(13) 17.373(3)
c(A) 16.6336(10) 22.183(3)
a(®) 74.704(3)
B(°) 105.268(1) 74.397(3)
y(©) 70.397(3)
Vv (As) 3836.1(4) 4214.3(13)
space group P2;/c P1

4 4 2

Deac (g cni®) 1.696 1.570
temperature (K) 296(2) 296(2)
F(000) 1976 2028
w(Mo-Ka) (mmnit) 1.179 1.326

total refin 23770 26211
independent refln 8745 18452
parameters 497 101

Rint 0.0307 0.0516
R13 WR2® (I > 20(1)) 0.0475, 0.1320 0.0690.1572
R1, wR2 (all data) 0.0707, 0.1492 037 0.2(82
GoF 1.065 0.95

"RIL=0F)—|FJ O Fy.
bwRe = [w( F2 | F )l 2l 42,
“GOF = I Fo —| Fd )7(Nobs — Noarard] 2



Table 2.
Acetalizatior? of benzaldehyde with ethanol in the presence eRtlicomplexes andH

entry catalyst temperature/°C time/h conversion/%

1 2 0 1 1.72

2 2 15 1 2.79

3 2 15 2 6.16

4 2 15 3 10.52
5 2 15 4 14.21
6 2 15 5 16.29
7 2 40 1 14.37
8 2 40 2 18.51
9 2 40 3 20.29
10 2 40 4 23.16
11 2 40 5 25.21
12 2 40 10 26.73
13 2 60 5 25.54
14 2° 40 5 37.02
15 1 40 5 24.07

 Reactions were monitored by TLC/GC.
® The amount of catalyst is 0.001 mmol (twice ot heentry 11).



Chart 1. The structures of two [Nip§,;] metalloligands in NiRu complexes.
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Scheme 1. Synthesis of two dinuclear organoruthenium-nicketomplexes  [¢°-p-
cymene)Ru{Ni(tsalphen)}(MeCN)](OT$) (1) and [CpRu{Ni(tsalphen)}(PRN.(NiCl;)dAMeOH Q).

Reagents and conditions: (i§°fp-cymene)RuCl-Cl)], / AgOTf / THF, r. t.; (i) [CpRu(PP).CI] /
MeCN, reflux.
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Fig. 1. Molecular structure of the cation ofrftp-cymene)Ru{Ni(tsalphen)}(MeCN)](OT$)1, with
thermal ellipsoids drawn at the 40% probabilitydevHydrogen atoms and anions are omitted for
clarity. Selected bonds (A) and angles (°): Ru({3N2.082(4), Ru(1)-C(7) 2.173(5), Ru(1)-C(3)
2.183(4), Ru(1)-C(6) 2.201(5), Ru(1)-C(4) 2.207@N(1)-C(2) 2.208(5), Ru(1)-C(5) 2.221(5), Ru(1)-
S(2) 2.4086(10), Ru(1)-S(1) 2.4169(10), Ru(1)-Ni@P760(6), Ni(1)-N(2) 1.890(3), Ni(1)-N(1)
1.896(3), Ni(1)-S(1) 2.1529(11), Ni(1)-S(2) 2.16BB); S(2)-Ru(1)-S(1) 71.21(3), N(2)-Ni(1)-N(1)
85.60(14), S(1)-Ni(1)-S(2) 81.21(4), N(1)-Ni(1)-$(176.36(10), N(2)-Ni(1)-S(2) 177.59(10), Ni(1)-
S(1)-Ru(l) 84.41(4), Ni(1)-S(2)-Ru(1) 84.39(4).

15



~

\ ) /7
/\/\/’ \ \
JRO2E
\/ /\\‘( / L
ey T
\/l

Fig. 2. Molecular structure of one anion of [CpRu{Ni(tsagph}(PPh)](NiCl;)[4MeOH 2, with
thermal ellipsoids drawn at the 40% probabilityde\Hydrogen atoms, the other cation and the counte
anion are omitted for clarity. Selected bonds (AY angles (°): Ru(1)-P(1) 2.3311(10), Ru(1)-S(1)
2.4087(8), Ru(1)-S(2) 2.4345(8), Ru(1)-Ni(1) 2.8628 Ni(1)-N(1) 1.901(3), Ni(1)-N(2) 1.918(2),
Ni(1)-S(1) 2.1678(8), Ni(1)-S(2) 2.1826(10); S(LMHR)-S(2) 71.77(3), N(1)-Ni(1)-N(2) 85.41(10),
S(1)-Ni(1)-S(2) 81.47(4), N(2)-Ni(1)-S(1) 177.80(8N(1)-Ni(1)-S(2) 176.49(6), Ni(1)-S(1)-Ru(1)
77.89(3), Ni(1)-S(2)-Ru(1) 77.06(3).
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Fig. 3. GC-MS analysis of product from reaction of benebaltle and ethanol under,H
atmosphere catalyzed by comp&xa) GC; (b) MS.
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Syntheses, structures and reactivity of dinuclearmganoruthenium-nickel complexes with
N,N’-bis(2-thiobenzylidene)-1,2-phenylenediaminato (edphen) ligand
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Two cationic bimetallic organoruthenium-nickel dif),Ru complexes containing metalloligand
[Ni(tsalphen)] have been synthesized and charaetgty X-ray crystallographyhey could catalyze
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17



Highlights

» Two dinuclear nickel-ruthenium complexes with tsalphen ligand were synthesized.
» The Ni(u-S)2Ru complexes were characterized by single crystal X-ray crystallography.

» They catalyze acetalation of benzaldehyde with ethanol in the presence of H..



