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Abstract:

New Schiff base ligands including azo group sucfMagE)-(4-ethylphenyl)diazenyl)-2-((E)-
(phenylimino)methyl)phenol 2, 4-((E)-(4-ethylphenyl)diazenyl)-2-((E)-(naphthiadé-
ylimino)methyl)phenol 3 2-((E)-(benzylimino)methyl)-4-((E)-(4-
ethylphenyl)diazenyl)phenal and azo group-free ligand (E)-2-((benzylimino)nydibhenol

8 and their ruthenium complexé&s7 and9 with [RuCh(p-cymene)] were synthesized and
characterized by spectroscopic techniques inclutih@nd *C NMR, FT-IR and UV-Vis.
According to the UV-visible, IR and NMR data, the RI) complexes-7 and9 are formed
by the coordination o, O atoms of the ligands. Molecular structures of cbenplex7 and
complex9 weredetermined by single crystal X-ray diffraction sesl These Ruthenium (I1)
complexes5-7 and 9 were used as catalysts for the transfer hydrogenatf a series of
ketones and benzaldehyde in 2-propanol. Followiregdomparison of compleX with the
other three azo containing compleXeg, it was observed that azo group has got remarkable
increasing effect on the catalytic activity. Theuks showed that the compléxs efficient

than the other Ru (Il) complexes.
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Introduction

Transfer hydrogenation is one of the most importaathod for reduction of ketones
and aldehydes, due to it is a valuable and atoroiefit reaction, more cost effective and
simpler experimental procedure [1]. It is a usefugthod for the reduction of carbonyl
compounds to their corresponding alcohols [2-4Jadidition to its use at important synthesis
stages of products which have pharmaceutical, alatand industrial values, the
hydrogenation reaction provides opportunity for kslkiénd of studies to proceed rapidly

because of high reaction yield [5-7].

Transition-metal catalyzed processes for transjeirdgenation of a wide variety of
functional groups by different hydrogen donors areeresting alternatives to molecular
hydrogenation [1]. The studies to develop the natalgsts for transfer hydrogenation is still
of considerable importance, in order to find mdifecient catalysts [8]. The most active and
selective catalysts for the transfer hydrogenatéattions are ruthenium [9], iridium [10] and
rhodium [11] complexes containing NN, NNN, CNN, Nfd PNPetc type of ligands [12]
(Scheme 1). Besides that the NN- and NO-donoclah ligands play important role in

catalytic reactions [13].

Among the various ligand systems, Schiff base anede have attracted great interest
in recent years. Azo group show donor properties@ay an important role in coordination
chemistry [14]. Steric and electronic effects dbstituent’s in the coordination zone increases
the activity of the metal and the other groupsigarids that not attended to coordination also

may have an impact on this activity.

Complex formation studies of ruthenium with azolazne ligands and their usage at
transfer hydrogenation reaction, metal-carbon bfmmhation and catalytic transformations
have been ongoing [15]. The ruthenium complexesda by different types of ligands have
significant importance. To design the new typesudhenium (1) Schiff base complexes
bearing oxygen and nitrogen donor atoms have irapoet due to their potential catalytic
activities [5]. During recent years, half-sandwigii-arene)ruthenium (Il) complexes draw
attention very much and proceed to be the subjécdntense research in the field of

organometallic chemistry emphatically [16-18].



In this context, our research group has focusedyorthesis, characterization, and
catalytic activity of ruthenium (lI) NO-type comples 5-7, 9 that formed from Schiff base
ligands bearing azo group on the ligand systenaddition to this, one of the aims of our
study is to demonstrate that the azo group hasngogasing effect on the catalytic activity.
For this purpose the catalytic activities of thenptexes5-7 which have azo group have
compared to the compléxwithout azo group. Also these ruthenium (II) N@eySchiff base
complexes were tested as catalysts for transferolgeation reaction to reduce carbonyl

compounds to their corresponding alcohols.

Experimental

Materials and methods

Reagents and solvents were purchased from chesupaliers and purified to match
the reported physical and spectroscopic data. dlversts were carefully dried using standard
methods. Melting points were determined with ancEtghermal 9200 apparatus. IR spectra
were obtained using KBr discs (4000—400 Ymon a Shimadzu 8300 FTIR
spectrophotometer. The electronic spectra in tlie-200 nm range were obtained using DMF
on a Hithachi U-3900 spectrophotometer. ESI masxtsp were recorded on a ESI/MS
Tandem mass spectrometdd and *C NMR spectra were recorded on a Varian AS-
400 MHz instrument and Bruker 600 Mhz Ultrashiele Th CDCl.The conversions were
determined by GC analysis with YL6500 Instrument.

The diffraction data for complex€g and9) were collected at room temperature on a
Bruker APEX-Il CCD diffractometer using graphite noxhromated radiation (MQ,
1=0.71073 A).0/20 scan mode was employed for data collection. Thesires were solved
by SHELXS-97[19] and refined with SHELXL-97 [20] fsmare package. In complekand
9, all H atoms were refined using a riding modelhwdistances of 0.93 A (aromatic), 0.96 A
(CHg), 0.97 A (CH), 0.98 A (CH), andUiso(H)=1.2Ue(C) for methylene and aromatic,
1.5QeC) for methyl. A summary of the key crystallographnformation for both
complexes are given in Table 1. Molecular drawimgsthe complexes indicating atom
numbering scheme with thermal ellipsoids at %3Mmabilities were obtained using ORTEP-
[l [21] The PLATON [22] program was used for gednzal calculation and conformational
features of the complexes. Further experimentalildetave been deposited as supplementary
material at the Cambridge Crystallographic Datatf@ee@CDC 1052112 and 1061609.



General procedure for the synthesis of ligagds

Methanolic solutions (25 ml) of  Ej-5-((4-ethylphenyl)diazenyl)-2-
hydroxybenzaldehyd# (508.56 mg, 2.00 mmol) and aromatic amines (2 mmwvele stirred
at reflux temperature for 8 h. After the end ofatéan time, the mixtures were allowed to cool
and resulting solids were collected. The crude petglwere recrystallised from hot methanol
to yield pure crystalline products (Fig. 1).

Data for the ligand®-4

For 4-((E)-(4-ethylphenyl)diazenyl)-2-((E)-(pheinyino)methyl)phena2

QQQ

Color: Red. Yield: 545 mg (83%). m.p.119-120 6. NMR (600 MHz, CDC43,
ppm): 13.85 (s, 1H), 8.77 (s, 1H), 8.06 (m, 2HB67(d,J = 8.3 Hz, 2H), 7.48 (t) = 7.7 Hz,
2H), 7.36 (m,5H), 7.17 (dl = 8.5 Hz, 1H), 2.76 (q] = 7.6 Hz, 2H), 1.32 () = 7.6 Hz, 3H).
13C NMR (151 MHz, CDGJ,5, ppm): 163.8, 162.2, 150.9, 147.8, 147.4, 14528,3, 128.6,
127.7, 127.5, 127.3, 122.7, 121.2, 118.9, 118.18,2%.5. ESI| (MeOH): 330 [M+H] FT-IR
(KBr, cm™): 3402, 3062, 1613 and 1567. UV-visn§, nm): 250, 352 (in IO6M DMF).

For 4-((E)-(4-ethylphenyl)diazenyl)-2-((E)-(naphtéa-1-ylimino)methyl)phend



Color: Orange. Yield: 713.4 mg (94%). m.p. 162aB3'H NMR (600 MHz,
CDCl3,5, ppm): 13.93 (s, 1H), 8.87 (s, 1H), 8.30 (m, 18114 — 8.09 (m, 2H), 7.95 - 7.91 (m,
1H), 7.87 (dJ = 8.3 Hz, 2H), 7.85 (dJ = 8.3 Hz, 1H),7.63 — 7.58 (m, 2H), 7.55Jt= 8.0
Hz, 1H), 7.37 (dJ = 8.3 Hz, 2H), 7.26 (d] = 7.2 Hz, 1H), 7.24 (d] = 8.8 Hz, 1H), 2.77 (d]
= 7.6 Hz, 2H), 1.32 (1) = 7.6 Hz, 3H).X*C NMR (151 MHz, CDG,8, ppm): 163.8, 163.2,
150.9, 147.5, 145.8, 145.6, 134.0, 128.6, 128.8.22127.8, 127.7, 127.4, 126.8, 126.7,
126.0, 123.1, 122.7, 119.2, 118.1, 114.2, 28.8}.15S| (MeOH): 380 [M+H]. FT-IR (KBr,
cmit): 3420, 3049, 1626, and 1579. UV-Vig,&, nm): 253, 353(in 1&6M DMF).

For 2-((benzylimino)methyl)-4-((E)-(4-ethylphenydizenyl)phenot

Color: Yellow. Yield: 612 mg (89 %). m.p.78-%D. 'H NMR (600 MHz, CDC4,3,
ppm): 14.04 (s, 1H), 8.55 (s, 1H), 8.00 (dds 8.8, 2.4 Hz, 1H), 7.94 (d, = 2.4 Hz, 1H),
7.83 (d,J = 8.3 Hz, 2H), 7.41 (m, 2H), 7.38 — 7.32 (m, 5K)9 (d,J = 8.8 Hz, 1H), 4.88 (s,
2H), 2.75 (gJ = 7.6 Hz, 2H), 1.31 (t) = 7.6 Hz, 3H)*C NMR (75 MHz, CDC}, 5, ppm):
165.4, 164.5, 150.9, 147.2,145.3, 137.6, 128.8,612827.9, 127.6, 127.1, 127.0, 122.6,
118.4, 118.1, 62.7, 28.8, 15.5. ESI (MeOH): 344 [+ FT-IR (KBr, Cm'l): 3417, 3047,
1614, 1568.UV-Visnax NM): 255, 357(in 1&6M DMF).

General procedure for the preparation of complex&s

Dichloro(p-cymene)ruthenium(ll) dimer (153 mg, 0. 25 mmoldakOH (32 mg,
0.5mmol) were added to the solutions of liga@d$0 mmol) in methanol (10 ml) in one
portion and heated at 50 °C for 6 h under nitrogémosphere in a Schlenk tube. The
precipitate was collected by filtration, washedhad large quantity of petroleum ether and
diethyl ether and dried in vacuum.



Data for complexeS-7

For complexs

|
O—Ru—Cl
Q/ /
Ney _N
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Color: Orange. Yield: 222 mg (74%). m.p.224-225 3¢ NMR (300 MHz, CDC4, 8, ppm):
7.92 (ddJ = 9.3, 2.5 Hz, 1H), 7.90 (s, 1H), 7.714c 8.3 Hz, 2H), 7.65 (m, 3H), 7.47 {t=

7.6 Hz, 2H), 7.36 (t) = 7.3 Hz, 1H), 7.27 (d] = 8.2 Hz, 2H), 7.06 (d] = 9.3 Hz, 1H), 5.39
(d,J = 6.1 Hz, 1H), 5.30 (d) = 6.1 Hz, 1H), 5.03 (dJ = 5.7 Hz, 1H), 4.20 (d) = 5.7 Hz,
1H), 2.77 — 2.57 (m, 3H), 2.14 (s, 3H), 1.26)(t 7.6 Hz, 3H), 1.19 (d] = 7.0 Hz, 3H), 1.14
(d, J = 6.9 Hz, 3H).X*C NMR (75 MHz, CDC}4, 8, ppm): 168.3, 164.3, 158.3, 151.2, 146.1,
142.5, 134.8, 129.0, 128.4, 127.4, 127.3, 123.8,5,2122.2, 117.8, 101.9, 98.2, 86.6, 83.8,
83.4, 80.7, 30.4, 28.7, 22.79, 21.6, 18.5, 15.5.(M8OH): 564 [M-CI]". FT-IR (KBr, cm?):
3047, 1613, 1589.UV-visifax NM): 266, 408 (in 16 M DMF). Anal. Calcd. For:
[C31H32CIN3ORuU], C: 62.15, H. 5.38, N: 7.01. Found: C:62.015H4, N: 7.04.

For complex6

|
O—Ru—cClI
T
Color: Brown. Yield: 250 mg (77%). m.p.229-230% NMR (300 MHz, CDG}, 3,
ppm): 8.12 (dd, J = 7.4, 1.1 Hz, 1H), 8.06 — 7192 {H), 7.89 (dd, J = 9.4, 5.1 Hz, 1H), 7.74

N.
\/©/ "



— 7.52 (m, 1H), 7.25 (d, J = 8.4 Hz, 1H), 7.11Jc; 9.3 Hz, 1H), 5.45 (d, J = 6.1 Hz, 1H),
5.12 (d, J = 6.2 Hz, 1H), 5.06 (d, J = 5.7 Hz, 1389 (d, J = 5.7 Hz, 1H), 2.78 — 2.58 (m,
1H), 1.96 (s, 1H), 1.28 — 1.16 (m, 1H). 9.07 (&,9.0 Hz, 1H, minor isomer), 7.06 (d, J = 9.3
Hz, 1H, minor isomer), 5.36 (d, J = 6.7 Hz, 1H, arirsomer), 5.22 (d, J = 6.3 Hz, 1H, minor
isomer), 4.81 (d, J = 5.6 Hz, 1H, minor isomery93(d, J = 5.5 Hz, 1H, minor isomer), 1.79
(s, 1H, minor isomer)*C NMR (75 MHz, CDG}, 8, ppm) 168.6, 166.9, 154.0, 151.2, 146.1,
142.6, 134.9, 133.9, 129.0, 128.4, 127.7, 127.2,112126.7, 125.9, 122.2, 121.9, 121.3,
117.5, 104.2, 94.5, 86.7, 85.8, 84.5, 30.4, 28289,221.1, 17.9, 15.5. Minor isomer peaks:
170.0, 165.2, 154.1, 151.24, 146.0, 134.7, 13£21,58, 127.56, 127.4, 127.17, 124.7, 123.2,
122.19, 119.6, 119.0, 102.6, 95.8, 85.5, 83.8,,8D48, 21.2 and 18.0. ESI (MeOH): 614 [M-
CIl*. FT-IR (KBr, cm%): 3048, 1620 and 1600. UV-Vi& (s nm): 266, 409 (in I6M DMF).
Anal. Calcd. For: [GsH34sCIN3ORu], C: 64.75, H. 5.28, N: 6.47. Found: C:64.615H6, N:
6.27.

For complex7

<o

O\R,u—CI
TN
\/©/N\\N g N\/Q

Color: Orange. The single crystal was collectednfr@CM-Ether (1:3) solution.
Yield: 245 mg (80%). m.p.200-201°¢H NMR (300 MHz, CDC4,3, ppm): 7.88 (ddJ = 9.2,
2.5 Hz, 1H), 7.77 (s, 1H), 7.71 @@= 8.4 Hz, 2H), 7.58 (d] = 2.5 Hz, 1H), 7.54 — 7.38 (m,
5H), 7.27 (dJ = 8.5 Hz, 2H), 7.03 (d] = 9.2 Hz, 1H), 5.38 (m, 3H), 5.30 @= 6.1 Hz, 1H),
5.13 (d,J = 5.7 Hz, 1H), 4.94 (d] = 5.7 Hz, 1H), 2.82 — 2.62 (m, 3H), 2.15 (s, 3HR6 (t,J
= 7.6 Hz, 3H), 1.20 (d] = 6.9 Hz, 3H), 1.10 (d] = 6.9 Hz, 3H)*C NMR (75 MHz, CDC})

6 168.8, 165.6, 151.1, 146.2, 142.5, 137.0, 13229,3] 128.6, 128.4, 128.4, 127.5, 123.5,
122.2,119.3, 102.8, 96.2, 84.49, 84.2, 81.8, 7ALA, 30.6, 28.8, 22.7, 21.6, 18.5, 15.5. ESI
(MeOH): 579 [M-CIT. FT-IR (KBr, cmi'): 3047, 1607 and 1525. UV-Vi&{x nm): 268, 409
(in 10* M DMF). Anal. Calcd. For: [gH34CINsORuU], C: 62.68, H. 5.59, N: 6.85. Found:
C:62.54, H: 5.46, N: 6.75.



Sythesis of (E)-2-((phenylimino)methyl)phe®iol

25 mL 2-hydroxybenzaldehyde (508.5 mg, 2.00mmdltgm in methanol was added
aniline (186.3 mg, 2 mmol) in methanol (5 mL) aefluxed for 8 hours. The solution was
concentrated on air by removing solvent for two -dand crystallized to giv€E)-2-

((phenylimino)methyl)phen@las a yellow needle crystals. Yield: 545 mg (83 %).

Synthesis of Compléx

Complex 9 was synthesized according to the general procetlurecomplexes.
Dichloro(p-cymene)ruthenium(ll) dimer (153 mg, 0. 25 mmolfddOH (32 mg, 0.5mmol)
were added to the solutions of (E)-2-((phenylimmethyl)phenol8 (99 mg, 0.50 mmol in
methanol (10 ml) in one portion and heated at 50®C6 h at nitrogen atmosphere in a
Schlenk tube. The precipitate was collected byatilon, washed with a large quantity of
petroleum ether and diethyl ether and dried in uatu
The complexd was obtained as orange crystals. Yield: 183 mg {78%NMR (300 MHz,
CDClg, 3, ppm): 7.75 (s, 1H), 7.64 (d,= 7.9, 2H), 7.45 (d) = 7.8 Hz, 2H), 7.33 (1 = 7.3
Hz, 1H), 7.22 (dddJ = 8.6, 6.8, 1.8 Hz, 1H), 7.00 (d,= 8.6 Hz, 1H), 6.95 (dd] = 7.9, 1.8
Hz, 1H), 6.43 (dt,J = 7.8, 0.9 Hz, 1H), 5.34 (d,= 6.1 Hz, 1H), 5.25 (d] = 6.1 Hz, 1H),
5.00 (d,J = 5.7 Hz, 1H), 4.20 (d] = 5.7 Hz, 1H), 2.63 (hept,J,= 6.9 Hz,1H), 2.11 (s, 3H),
1.17 (d,J = 6.9 Hz, 3H), 1.12 (d] = 6.9 Hz, 3H)*C NMR (75 MHz, CDC}, §, ppm): 165.2,
164.2, 158.5, 135.5, 135.4, 128.8, 126.9, 123.2,7,2118.1, 114.2, 101.4, 97.9, 86.5, 83.6,
83.5, 80.3, 30.3, 22.8, 21.6, 18.5. ESI (MeOHR #4-Cl]*. FT-IR (KBr, cm): 3047, 1607

8



and 1525. UV-VisXmax, NM): 265, 410 (in 1H™M DMF). Anal. Calcd. For: [gH24CINORuU],
C:59.16, H. 5.18, N: 3.00. Found: C:59.01, H: 5M42.97.

Typical procedure for the transfer hydrogen reagctio

Under nitrogen atmosphere, aromatic ketone (4 mm@DPr (0.8 mL, 0.1 M) and complex
5 (1 mg, 0.0012 mmol) were dissolved in degassetbf@gnol (18 mL) with nitrogen and the
mixture was refluxed for 24 h. The hydrogenationtlod ketone began instantly, and the

conversion and enantiomeric excess was determyn&ibusing HP-5 column.

Result and Discussion

Synthesis and Characterization of liganési( 8) and complexe$(7, 9)

(E)-5-((4-ethylphenyl)diazenyl)-2-hydroxybenzalddeyl was synthesized according
to literature [23]. Three azo containing Schiff ddigands2-4 and their Ru(ll) complexes-7
were prepared as shown in Fig.1. The Schiff bagnts,2, 3 and4 have been prepared by
the condensation between (E)-5-((4-ethylphenyl)ligd-2-hydroxybenzaldehydé with
aniline, 1-naphthylamine and 4-ethylaniline, respety in MetOH. Also the ligan® and its
Ru (Il) complex9 were synthesized as seen in Fig.1. The ligandsstble at room
temperature and soluble in common organic solventsh as EtOH, MeOH, DMF and
CH.Cl,. The complexes are also stable at room temperataie.

The azo containing ligands4 were completely characterized by IR, mass analybe,
and®*C NMR. The IR spectra of Schiff Base ligarig have similar signals. These ligands
exhibit bands at 3402-3420 &nand 3045-3062 cththat are assignable tWOH) andv(Ar-
CH) [24]. Both of these three ligan@s4 show characteristic bands at 1613-1626 range can
be assigned to the azomethw(€=N) stretching. The distinctive bands of N=N grouere
observed at 1567-157 9 &mange in ligands [8]. In complex this stretchitfted to lower
frequency (1607-1620), thereby indicating coordoraiof azomethine nitrogen atoms [25].
Also disappearance o®{OH) bands proves that coordination occurred wkiigen atoms as
the other donor atom beside nitrogen atoms.

The electronic spectra of ligands and their Rutl@ni(ll) complexes5-7 were
recorded in DMF in the range 800-200 nm. The spectrligands2-4 are very similar and
display a strong band at 352-357 nm range. By coimgpahe spectra of the ligan@s4 and

the corresponding complex@s4, the absorptions above 409 nm are assigned tadiga

9



metal charge transfer transitions and the absorptielow 409 nm are attributed to ligand
centered transitions [26].

In order to better understand the structure oflitfends2-4 and8, 'H and**C NMR
analyses were studied. Ligands and complexes NM#tsp were given in Fig. S6-8 at
supporting files. ThéH NMR spectra of the ligands shows singlets in 18e85-14.04 ppm
range can be attributed to the proton of the —Obugr[27]. The'H NMR resonance of
azomethine proton (CH=N) in ligands are observe8.&af, 8.55 and 8.87 ppm respectively.
The quarted signals at 2.75-2.77 ppm range andrigilet signals at 1.31-1.32 ppm range
corresponding to —CHand —CH protons. The multiplets of the aromatic protonsenia the
region of 8.00-7.09 ppm for ligands. Unlike othgahds, the peak at 4.88 ppm in the spectra
of ligand4 was attributed to Cigroup.

The 'H NMR spectra (CDG) recorded during the reaction revealed formatibrihe two
isomers in preparation of compléx The spectrum exhibited one doublet at 8.12 ppm fo
major complex6 and one doublet at 9.07 ppm for minor com@ext ratio 1:0.33. This ratio
was also measured 5.45, 5.12, 5.06 and 3.89 ppmd@r isomer and 5.36, 5.22, 4.81, and
3.59 ppm for minor isomer as doublets of p-cymemenatic protons. Interestingly, the ratio
of isomer which was recorded as 1:0.33 at room &atpre was changed to 1:0.22 by

dropping the temperature to -40 °C (233K).

Besides, the signals belonging to minor isomehatlbw temperature disappeared in
31C NMR spectrum (Fig. S10, 11).

The [M+H]" molecular ion peak for the ligar@lis observed at m/z:330. The most
intense peaks at 301 and 194 corresponds #H[@N:0]" and [G3HoN2]* fragments. Also
the [M+H]" molecular ion peak for the ligarglis observed at m/z:380. The peak at 235 may
be attributed to [@H1aN3]". In the mass spectrum of the ligaficthe peak observed at m/z:
344 can be assigned to the molecular ions [M+Hi the mass spectra of the comple%es
9, the peaks at m/564, m/z: 614, m/z: 579 and m/z: 433 can be asdigméhe [M-CIJ ion
peaks respectively.

In the title complexX?, Ru atom has a typical half-sandwich coordinagamironment
with three-coordinated by O1, ClI1, N1 and six Cnadcof the aromatic ring of thgcymene
ligand. Geometric parameters around Ru involvimg rcentroids are listed in Table 2. In
complex 7, the bond lengths of the configuration around Bhel atom are 2.4297(10) A,
2.062(3) A, 2.099(3) A and 1.667(2) A for the Rulll;GRu1-O1, Rul-N1 and Rude4 (Cgé
is the centroid of C23-C28 ring) bonds, respecyivethich are in good agreement with the

10



literature values. The bond angles of the geomatound Ru including ring centroid are
127.97(8, 123.30(12) and 132.87(12)for the Rul€g4-Cl1, Rul€gd-O1 and RulCgd-
N1, which are comparable with previously reportedi Romplexes having similar
coordination environment in the crystallographiedses [28-32]. In the complex Cl and O
atoms involving in two C-HCI and a C-H-O inter-molecular hydrogen bonding
interactions are observed [CTI1=3.648(4) A, C7-H7-CI1=165.00; C24--Cl1=3.4965(5)
A, C24-H24-Cl1=140.06, C25-01=3.5600 A, C25-H2501=172.42] which help for
stabilizing the molecular packing. In addition,abrC-H:--Cg (z-ring) interactions involving
neighboring molecules in the unit cell (Table 3 &igl.2) and a short aromatier stacking
interaction Cg2-Cq2 (3-X, -y, 1-z) distance = 3.760(3) Ag2 is the centroid of the C9-C14

ring] is available for forming three dimensionatwerk (Fig.2).

The crystal structure of comple has also a half-sandwich geometry about the
central Ru atom and its coordination geometry isegsimilar to the compleX (Fig.3).In the
asymmetric unit, the bond lengths and angles inptex® are comparable with complék
and those of the related structures reported émalitire [28-32], except for shorter Rul-O1,
Rul-N1 and RuXEg3 (Cg3 is the centroid of C15-C20 ring) bond lengthsk{€&a2). In9, the
Cl atom plays a vital role in the formation of dirigeunits as a result C-HClI interactions (an
intra-molecular contact with GCI1<3.56 A and three inter-molecular contacts with
C--Cl<3.89 A) which contribute the stability of the emall molecular structure. Besides a
number of C-H-Cg (z-ring) interactions and somer stacking interactiongJgl-Cgl (1/2-x,
1/2+y, -z) = 5.203(3) ACq2-Ca3 (x, y, z) = 4.869(3) ACg3-Cq2 (-1/2+x, 1/2-y, z) =
5.009(3) A;Cgl, Cg2 andCg3 are the centroids of the C1-C6, C8-C13 and C1G4&hzene
rings, respectively] between the adjacent molecuiayg stabilize the molecular packing (Fig.
S5 and Table 4). A comparison of Ru geometries,rdgeh bonding and short ring-
interactions, comple® has grater hydrogen bonding effects and bettbtesgeometry than

complex?.

Catalytic Studies

All the ligands2-4 and 8 were converted to ruthenium cataly&& and 9 with
dichlorofp-cymene)ruthenium (II) dimer and these complexeseweased as catalysts in
transfer hydrogen reaction. Initially, to determthe catalytic performance of the ruthenium

complexes5-7 and 9, they were examined in the reduction of acetophento 1-
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phenylethanol as a chosen model reaction whichosased out at reflux temperature with
1000:3 substrat complex ratios in the presence .af M NaOH as a base. Transfer
hydrogenation reaction was applied' RTOH as a solvent and hydrogen source. Comblex
was selected the best catalyst according to coioveod acetophenone to 1-phenylethanol for
24 hours (Table 5, entries 1-4). Following the side of complex5 amongst the other
complexes, 12 test reactions have been perform#éd different base types, amounts and
substrate/catalyst ratios to optimize and findtbatbest catalytic reaction conditions.

For this purpose, first of all the influence of bdgpe was investigated by using 0.03
mmol 0.1 M NaOH, KOH, Na®r, NaCBu and KOBu base solutions and conversation rate
occurred as, KBu < KOH < NaOPr < NadBu < NaOH (Table 5, entries 1, 5-8). In the
circumstances NaOH was selected as base in thsnsy$he amount of base was increased
from 0.03 mmol to 0.1 mmol but the catalytic adivin conversion did not change anymore
(entries 9, 10). Besides, the ratio of substratt@mplex was raised to 200 and 125 and the
conversion ratio remained almost the same in 8shaarwell and these results showed a bit
increase from 95 to 98 % as a result of enlardmegreaction time for 24 hours (entries 11,
12)

After the best conditions had been establishedhercomplex5, a series of ketones
and benzaldehyde were screened in transfer hydatigarreaction. In all cases, the reaction
was performed by transfer hydrogenation of carbeoyhpounds to alcohols iRrOH and in
the presence of NaOH under the standard condifjeikix temp., 200 substrate complex
ratio and 24 h), which are displayed in Table 6. $ignificant changes in the yield were
observed when the methyl-substituents were locatethe o-, m- and p-positions of the
acetophenone (entries 2-4). Althougtbromo acetophenone reduction was yielded to simila
acetophenone with 91 % conversion (entry 6), theversions ofo- and p- bromo
acetophenones were observed lower (entries 5-Wadtalso found that the best conversion
was obtained (99 %) in spite of steric effect @& thmethoxy substituent of the aromatic ring
(entry 8). Nevertheless, that conversion was fotmdiecrease from 99 to 85 % while
proceeding towardp- position (entries 9 and 10). Besides, 2-acetommatiwas realized to
have similar conversion when compared to acetopieirotransfer hydrogenation (entry 11).
The use of sterically hindered ketones on aliphatition of acetophenone such as 2-methyl-
1-phenylpropan-1-one and propiophenone led to matia decrease in conversion value (45
and 52 % respectively at 24 h.) and when a higlagalyst amount was used, higher

conversion was obtained in comparison with sulestraio (98 and 93 %, entries 12, 13). We

12



also tested this reaction on benzophenone anceitgadives. As a result of this reactigm,
methoxy on benzophenone had lower conversion i@tomparison to the compounds which
involved benzophenone and methyl group beapingosition (entries 14-16). Furthermore,
cyclohexanone as an aliphatic ketone and benzaligehy a simple aromatic aldehyde was

performed in transfer hydrogenation with good casims (entries 17, 18).

Conclusions

Azo containing Schiff base Ru (lI) complexes weyatkesized by the reaction of
[RuChk(p-cymene)] with 4-(E)-(4-ethylphenyl)diazenyl)-2-((E)-(phenylimino)megtjphenol
2, 4-([E)-(4-ethylphenyl)diazenyl)-2-((E)-(naphthalen-1rglno)methyl)phenol 3 and 2-
((benzylimino)methyl)-4-()-(4-ethylphenyl)diazenyl)phenol4 at 50°C in methanol.
According to the analytical, UV-visible, IR and NMfta, the Ru (II) complexés7 and9
are formed by the coordination of N and O atomthefligands.

These three Ruthenium (II) complexés/ were used as catalysts for the transfer
hydrogenation of a series of ketones and benzathehy 2-propanol. Following the
comparison of compleQ with the other three complexésy, it was observed that azo group
has got noticeably increasing effect on the catalgttivity. The results showed that the
[RuCl(2)p-cymene] comple¥ is efficient than the other Ru (II) complexes. Istigation of

side group effect of relevant complexes in trankfgirogenation is under way.
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Table 1.

Crystal data and structure refinement for complexd comple®.

Properties Comples Complex9
Empirical Formula GH34 CINsORuU G:H24CINORuU
Formula weight 613.14 466.95
Temperature 296(2) K 296(2) K
Wavelength 0.71073 A 0.71073 A
Crystal system, space group Triclinic, P-1 MonaclifP21/c
Unit cell dimensions a=10.7316(4) A a=17.9196(3
b=11.4017(4) A b =8.2451(1)
c = 14.4256(6) A c =13.4869(2)
a = 102.069(2Y a =90.00
B =108.783(2f B =94.7610(10)
v = 106.907(2§ v =90.00
Volume 1506.93(10) A 1985.80 A
Z, Calculated density 2, 1.351 Mgim 4, 1.562 Mg/m
Absorption coefficient 0.637 mim 0.937 mnit
F(000) 632 952
Crystal size 0.40x 0.35x 0.10 mm 0.40 x 0.30260nm
Theta range for dacollection °)  1.58 to 30.8 2.2€-39.71
Limiting indices -15<h<15 -32<h<32
-16<k<16 -14<k< 14
-20<1<9 -24<1<23
Reflections collected / unique 28805 / 8992 45966 / 12032
[R(int) = 0.0545] [R(int)=0.0234]
Completeness to theta 94.8 % 99.5 %
Max. and min. Transmission 0.9391 and 0.7847 0.8ri230.7057
Refinement method 2FuII—matrix least-squares on
F
Data / restraints / paramet 8992/0/34 12032/0/ 24
Goodnes-of-fit on F? 1.051 1.05(

Final R indices [I>3(l)]
R indices (all data)
Largest diff. peak and hole (€)A

R1 = 0.0630wR2 = 0.120
R1 =0.1150, wR2 = 0.1459
1.330 and -0.704

R1 =0.033, wR2 =0.073
RA.G555, wR2 = 0.0881
0.973 and -0.608




Table2.
Geometric parameters around Ru involving ring aedsr (A, °).

Comple%s Comple®

Cg4-Rul 1.667(2) Cg3-Rul 1.6643(12)
0O1-Rul 2.062(3) 01-Rul 2.0517(17)
Cl1-Rul 2.4297(13) Cl1-Rul 2.4357(13)
N1-Rul 2.099(3) N1-Rul 2.0874(17)
Cg4-Rul-Cl1 127.97(8) Cg3-Rul-Cl1 129.33(3)
Cl1-Rul-01 86.59(11) Cl1-Rul-01 85.20(4)
Cl1-Rul-N1 82.62(11) Cl1-Rul-N1 85.06(4)
Cg4-Rul-01 123.30(12) Cg3-Rul-01 124.11(4)
01-Rul-N1 88.65(14) 01-Rul-N1 88.62(4)
Cg4-Rul-N1 132.87(12) Cg3-Rul-N1 130.02(4)

Cg4 is the centroid of the (C23-C28) ring for compfeandCg3 is the centroid of the (C15-
20) ring for comple®.



Table 3.
Hydrogen-bond geometry (&) for Ru comples.

D-H-- A D-H D..A H...A D-H...A
C7-H7---Cl1 0.9300 3.648(4) 2.7400 165.00
C24-H24---CH 0.9300 3.496(5) 2.7300 140.00
C25-H25---O1 0.9300 3.5600 2.636(4)  172.42
C12-H12--€gl 0.9300 3.914(7) 3.1409 141.79
C28-H28- -Cg2" 0.9300 3.748(5) 3.0306 135.19
C31-H31B--€g3”  0.9300 3.951(7) 3.0643 154.28

Symmetry codes: (i) -y,1-z (i) 2-x,1+y,1-z (iii) 1+X,y, z (iv) 1+x,1+y, z
Cgl, Cg2 and Cg3 are the centroids of the (C1-C6), (C9-C14) and5{C20) rings,
respectively.



Table 4.
Hydrogen-bond geometry (&) for Ru compleo.

D-H--A D-H D..A H..A D-H...A
C9-H9---CI1 0.93 3.558(1) 2.801 139.38
C20-H20--Cg2' 0.93 3.8223(16)  3.2845 118.96
C22-H22A.--CIL  0.96 3.810(2) 2.903 157.84
C11-H11---cH 0.93 3.886(2) 2.985 163.66
C10-H10--Cg2"  0.93 4.065(2) 3.3203 138.59
C13-H13--Cg3" 0.93 3.7363(17)  2.9409 144.40
C14-H14C--€g2"  0.96 3.812(3) 3.0056 142.50
C23-H23C--Cgl™ 0.96 3.788(3) 3.2124 120.26

Symmetry codes. (i) x, Y, z; (i) x, y-1, z (iii) 1+x, y-1/2, z+1/2; (iv) 1-x, 1/2+y, 1/2-z; (V) X,
3/2-y, 1/2+z; (Vi) X, 5/2-y, -1/2+z; (vii) X, -1+,
Cgl, Cg2 andCga3 are the centroids of the (C1-C6), (C8-C13) antb(C20) rings.



Table 5.

Reaction optimization for transfer hydrogenation of acetophenone

0] OH
+ )Oi NaOH, Complex 5-7, 9 ©)\ + i
'PrOh, reflux
Entry  Acetophenone SC Complex Base® Time (h) Conversion %
1 1 mmol 333 5 NaOH 24 95
2 1 mmol 333 6 NaOH 24 89
3 1 mmol 333 7 NaOH 24 79
4 1 mmol 333 9 NaOH 24 67
5 1 mmol 333 5 KOH 24 83
6 1 mmol 333 5 NaO'Bu 24 91
7 1 mmol 333 5 KO'Bu 24 72
8 1 mmol 333 5 NaO'Pr 24 86
9 1 mmol 333 5 NaOH" 24 94
10 1 mmol 333 5 NaOH*® 24 94
11 1 mmol 200 5 NaOH" 24 (8) 98 (95)
12 1 mmol 125 5 NaOH" 8 95

a 00.3 mmol, 0.1 M, b: 00.5 mmol, 0.1 M, c:0.1 mmol, 0.1 M, d: Determined by GC (Agilent HP-5 column).



Table 6.

Catalytic transfer hydrogenation of ketones with ruthenium complex 5

Entry Substrate S/C TE::)E Conversion (%)* Entry Substrate S/C Time (h)  Conversion %°
0 Q 200
1 @* 200 24 98 10 Q)k 24 85
MeQ
o o 200
2 & 200 24 89 11 w 24 95
- O
[e] o
5 Ve 200 " o 5 200 24 51
(100) 24 98
° 200 o
200 24 51
4 /©)\ 24 91 13 @)‘\( (108) ” o3
Me’
Q 200 o 200
5 @f‘\ 24 47 14 ‘)‘\‘ 24 99
) SRe
0 200 o 200
6 Bf\[j)k 24 91 15 24 95
o 200 2 200
7 24 73 16 “ 24 66
o OO
Br |
q 200 0 200
8 @ﬁk 24 99 17 @AH 24 95
OMe
o 0 200
9 MeO 200 24 95 18 é 24 99
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Fig. 1. Reagent and conditions: (i) NablNaOH, HO, 0-5 °C; (ii) methanol, reflux, 8 h;
(iif) KOH, [RuCly(p-cymene)], MeOH, 50 °C, 12 h;
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Fig.2. An ORTEP view of complex 7, showing 30% probability displacement ellipsoids.

Hydrogen atoms have been omitted for clarity.
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Fig.3. An ORTEP view of the complex 9, showing 30% probability displacement ellipsoids.
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» Three new azo-containing Schiff Bases and their Ru (II) metal complexes were

synthesized. And single-crystal X-ray anayses were performed for complex 7 and 9.

» The synthesized metal complexes were performed as catalysts for the transfer
hydrogenation of a series of ketone and benzal dehyde in 2-propanol.

» Following the comparison of complex 9 with the other three complexes 5-7, it was

observed that azo group has got remarkably increasing effect on the catalytic activity.

P Best active catalyst has found to be complex 5.



