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Abstract

A new series of Ru(ll){>-p-cymene) complexesl{5) was synthesized from pyridine
based acylthiourea ligandsifLs) and [Ru@®-p-cymene)Ci],. All the ligands and complexes
were well characterized by UV-Visible, FT-IR, maasd 'H & '*C NMR spectroscopic
technigues. The molecular structures of the ligghgsL, L4 Ls) and complexX were confirmed
using single crystal X-ray diffraction study. Theu(R)(7°-p-cymene) complexesl{s) were
proved to be efficient precatalysts for the transfedrogenation of carbonyl compounds and
nitroarenes in the presence of 2-propanol as aolggtr donor and KOH as a base. The catalytic
transfer hydrogenation reactions were chemosekdtwards the nitro group in presence of
carbonyl group, which is a rare scenario in homeges catalysis. The catalyst was compatible
with broad range of substrates which include casieer of furfural, quinone and many
heterocycles. The catalytic reactions exhibited/\yegh conversions (upto 100%) and excellent
yields (upto 99%). Turn Over Number (TON) was fowmdo 990.
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1. Introduction

Hydrogenation reactions play a vital role in maderganic synthesis. Transition metal
catalyzed transfer hydrogenation (TH) is trendisgitais an environment benign pathway. It
doesn’'t need pressurized, lgas or expensive experimental setup. Recently,isidirected
towards the chemoselectivity and compatibility #obroad range of substrates with low catalyst
loading, mild reaction conditions. Chemoselectiviigd compatibility for a wide range of
substrates are very important in pharmaceuticalsesmany drug molecules possess multi-
functional moieties. The hydrogen source used shbealreadily available, cheaper and easy to
handle. The hydrogenated products like alcoholshesn etc have been used for the production
of pharmaceuticals, dyes, fertilizers, fragranc#ayors, fuels, precursors for many fine

chemicals etc [1,2].

Many phosphine based organoruthenium catalysts wep@ted for TH reactions. Since
phosphine based ligands are expensive and lesk stalir, an alternative ligand system is
needed. The mechanism of catalytic TH reactiomsfisenced by both ligand and metal center.
Noyori and coworkers discovered that the ligandaimimg N-H moiety enhances the activity of
catalyst through bifunctional mechanism [3-5]. Abhyurea ligands which are “phosphine free”,
contain N-H moiety, so the complexes of acylthiourea ligarate expected to follow
bifunctional mechanistic pathway for the catalyliel reactions. There is a possibility for
introducing various substituents in acylthioureaivdgives, which can help in tuning the
catalytic behaviour of their complexes [6]. Duethese significances, acylthiourea derivatives
were used widely in both organocatalysis [7,8] ametal-based catalysis [9,10]. Ru(ll)-arene
based catalysts are well known for the transferdgenation reactions [11]. Acylthiourea based
Ru(ll)-arene complexes have a wide range of apjdics in the field of bioinorganic chemistry
[12,13] and catalysis. Sheeleq al. reported the chiral acylthiourea based Rygbymene)
complexes as pre-catalysts for asymmetric TH (A®Hjetones with excellent conversions and

enantiomeric excesses [14]. But the chemoselegifithe reactions was not studied.

In general, nitro reduction was done by direct bgeénation, catalytic TH, hydride

transfer reductions, metal dissolving reductiongnetal free reduction methodologies [15,16].



Mostly, the chemoselective TH of nitroarenes rgagiloceeded by catalytic TH through the
heterogeneous pathway [17-23]. Many homogeneous répbrts are available for the
chemoselective reduction of aldehydes, ketonegnakk etc. But only a very few reports are
available on the chemoselective TH of nitroaremesiomogeneous pathway [24-31]. As an
interesting case, Ji. al. reported the homogeneous reduction of nitroaresesy a series of
Ru(ll)(p-cymene) complexes containing Schiff base ligands pae-catalysts and sodium
tetrahydroborate as reducing agent in water. Tygges was not chemoselective since it reduced
both ketone/aldehyde and nitro groups [32]. Regetile same group reported half-sandwich
Ru(ll) phenolateoxazoline complexes as catalysts for TH of niteo@s. The catalysts have no
chemoselectivity in the case of 4-nitrobenzaldehgohee it reduced both aldehyde and nitro
groups [33]. Rohiniet. al. reported the Ru(ll)(benzene) complexes of dibsakerenyl
appended acylthiourea as pre-catalysts for TH iwatin which nitro was chemoselectively
reduced to amine. But the scope of the reaction weag limited as only one nitroarene was
tested [34]. Herein we report the chemoselectiveof Hitroarenes into amines and also TH of
carbonyl compounds into their corresponding alcehmtalyzed by homogenous Ru(#{p-
cymene) pre-catalysts containing acylthiourea ligannder aerobic condition using 2-propanol
as a hydrogen source and KOH as a base. We haeadext the scope to broad range of
substrates with excellent compatibility. Our catialgystem exhibited higher TON number than
previously reported acylthiourea based Ru(ll)-aresalysts for TH/ATH reactions [14, 34-37].
Moreover, the ligands and catalysts were prepaiad feadily available precursors under mild
conditions.

2. Experimental section
2.1 Materials and methods

All the chemicals were obtained from commercialrsea and used as received. The
solvents were purified and dried by the standardcguiures. [RuG(;°-p-cymene)} was
synthesized by following a literature procedure][38elting points were recorded with Sigma
melting point apparatus. FT-IR spectra were reabrale KBr pellets with a Thermo Scientific
Nicolet iS5 FT-IR spectrometer in the range of 4880 cm'. UV-Vis spectra were recorded in
a Shimadzu UV-2600 instrumedH and**C NMR spectra were recorded on a Bruker 500 MHz
and 126 MHz spectrometer respectively. CDCIDMSO-ds were used as solvents and



tetramethylsilane (TMS) was used as an internaidstal. HRMS was recorded on Thermo
Exactive Orbitrap instrument. GC and GCMS analysese performed using Shimadzu GC
2010 and Shimadzu GCMS-QP2010 Ultra respectively.

2.2 Synthesis of the ligands (L)

A solution of acyl chloride (5 mmol) in ethyl acetg10 mL) was added to a solution of
potassium thiocyanate (5 mmol) in ethyl acetater(il(). The mixture was refluxed for about 1
h. Then, the reaction mixture was cooled to roommpkerature and a solution of 2-
(aminomethyl)pyridine (5 mmol) in ethyl acetate (i) was added drop wise and then the
reaction was continued for another 3 h at room tatpre. The resulting solution was filtered.

The filtrate was washed with water, dried in sodsutphate and kept for crystallization.

[ N-((pyridin-2-ylmethyl)car bamothioyl)thiophene-2-carboxamide] (L;)

Yield: 73 %. Mp.: 169C.'H NMR (500 MHz, DMSO-g): 6, ppm 11.54 (s, 2H), 8.58 (d= 4.5
Hz, 1H), 8.41-8.32 (m, 1H), 8.07-7.98 (m, 1H), 7(®1J = 7.7, 1.7 Hz, 1H), 7.43 (d,= 7.8
Hz, 1H), 7.33 (ddJ = 7.1, 5.2 Hz, 1H), 7.24 (dd,= 4.7, 4.1 Hz, 1H), 4.94 (d,= 4.8 Hz, 2H).
3C NMR (126 MHz, CDGJ): 5, ppm 179.28, 160.81, 154.59, 149.48, 136.81, 136.33.91,
130.56, 128.39, 122.65, 121.83, 50.88. FT-IR (KiBn,"): 3143 (mv(amide N-H)), 3104 (m;
v(thiourea N-H)), 1657 (s; v(C=0)), 1280 (sy(C=S)). UV-vis (Methanol)A (nm) 202, 231,
262, 288. ESI-MS (m/z): Found 278.04200 [M ¥ (Qalcd. 278.04218).

[ N-((pyridin-2-ylmethyl)car bamothioyl)furan-2-carboxamide] (L,)

Yield: 80 %. Mp.: 175C. 'H NMR (500 MHz, DMSO-g): 6, ppm 11.44 (t) = 4.6 Hz, 1H),
11.18 (s, 1H), 8.57 (d, = 4.4 Hz, 1H), 8.05 (d] = 1.0 Hz, 1H), 7.84-7.79 (m, 2H), 7.42 {d+
7.8 Hz, 1H), 7.33 (dd] = 7.0, 5.2 Hz, 1H), 6.75 (dd,= 3.6, 1.7 Hz, 1H), 4.94 (d,= 4.9 Hz,
2H). °C NMR (126 MHz, CDGJ): §, ppm 179.19, 156.50, 154.61, 149.43, 146.15, #45.2
136.80, 122.63, 121.83, 118.57, 113.28, 50.80.IFF(KBr, cmi%): 3306 (m;v(amide N-H)),
3222 (m;v(thiourea N-H)), 1670 (s; v(C=0)), 1271 (sy(C=S)). UV-vis (Methanol)A (nm)
203, 223, 270. ESI-MS (m/z): Found 262.06434 [M+{Qalcd. 262.06502).



[ N-((pyridin-2-ylmethyl)car bamothioyl )benzamide] (Ls) [39,40]

Yield: 79 %. Mp.: 147C. *H NMR (500 MHz, CDCJ): 6, ppm 11.67 (s, 1H), 9.14 (s, 1H), 8.66
(d,J =4.5 Hz, 1H), 7.94-7.85 (m, 2H), 7.70 (&= 7.7, 1.7 Hz, 1H), 7.63 (§ = 7.4 Hz, 1H),
7.52 (t,J = 7.8 Hz, 2H), 7.34 (d] = 7.8 Hz, 1H), 7.29-7.21 (m, 1H), 5.03 (& 4.6 Hz, 2H).
13C NMR (126 MHz, CDGJ): 6, ppm 179.63, 166.62, 154.66, 149.50, 136.83, 183.81.92,
129.13, 127.53, 122.66, 121.88, 50.86. FT-IR (KBm™): 3187 (b;v(amide N-H)) and
v(thiourea N-H)), 1667 (s; v(C=0)), 1247 (sy(C=S)). UV-vis (Methanol)A (nm) 202, 225,
270. ESI-MS (m/z): Found 272.08561 [M+1{alcd. 272.08576).

[2, 4-dichloro-N-((pyridin-2-ylmethyl)carbamothioyl)benzamide] (L)

Yield: 81 %. Mp.: 182C. *H NMR (500 MHz, DMSO-g): 6, ppm 11.90 (s, 1H), 11.37 @,=
4.6 Hz, 1H), 8.58 (dJ = 4.4 Hz, 1H), 7.83 (td) = 7.7, 1.6 Hz, 1H), 7.76 (d,= 1.9 Hz, 1H),
7.65 (d,J = 8.3 Hz, 1H), 7.54 (dd] = 8.3, 1.9 Hz, 1H), 7.44 (d,= 7.8 Hz, 1H), 7.34 (dd] =
7.0, 5.3 Hz, 1H), 4.94 (d,= 4.8 Hz, 2H)**C NMR (126 MHz, CDGJ): J, ppm 178.83, 164.64,
154.38, 149.46, 138.91, 136.86, 132.04, 131.68,7¥3030.71, 127.98, 122.72, 121.92, 50.82.
FT-IR (KBr, cnmi™): 3230 (b;v(amide N-H)), 3149 (thiourea N-H)), 1684 (s; v(C=0)), 1278 (s;
v(C=S)). UV-vis (Methanol):A (nm) 204, 229, 262, 281. ESI-MS (m/z): Found 3000®
[M+1]" (Calcd. 340.00781).

[ N-((pyridin-2-ylmethyl)car bamothioyl)cyclohexanecarboxamide] (Ls)

Yield: 69 %. Mp.: 186C. *H NMR (500 MHz, CDCJ): ¢, ppm 11.49 (s, 1H), 8.84 (s, 1H), 8.65—
8.59 (m, 1H), 7.68 (td) = 7.7, 1.7 Hz, 1H), 7.30 (d,= 7.8 Hz, 1H), 7.22 (dd] = 7.0, 5.4 Hz,
1H), 4.96 (d,J = 4.6 Hz, 2H), 2.23 (tt) = 11.7, 3.5 Hz, 1H), 1.92 (dd,= 13.7, 1.6 Hz, 2H),
1.86-1.80 (m, 2H), 1.72-1.67 (m, 1H), 1.49 (@, 12.4, 2.9 Hz, 2H), 1.35-1.27 (m, 2H), 1.24—
1.17 (m, 1H)."°*C NMR (126 MHz, CDGJ): §, ppm 179.77, 176.59, 154.67, 149.48, 136.78,
122.60, 121.84, 77.30, 77.04, 76.79, 50.72, 42940, 25.44, 25.32. FT-IR (KBr, ¢i: 3212

(b; v(amide N-H)), 3181 v(thiourea N-H)), 1689 (s; v(C=0)), 1190 (s;v(C=S)). UV-vis
(Methanol):A (nm) 204, 221, 268. ESI-MS (m/z): Found 278.13p@41]" (Calcd. 278.13271).



2.3 Synthesis of the complexes

A mixture of [RuCh(7°-p-cymene)} (0.15 mmol) and 0.3 mmol) was stirred in toluene
(20 mL) at room temperature for about 4-5 h. Hexaae added to precipitate the product which
was filtered, washed and drieeh vacuum. The solid product was then crystallized in

dichloromethane.

[RuCI(77*-p-cymene)L4] (1)

Yield: 83 %. Mp.: 226C. 'H NMR (500 MHz, CDC)): 5, ppm 11.94 (s, 1H), 11.00 (s, 1H),
8.65 (d,J = 4.6 Hz, 1H), 8.50-8.46 (m, 1H), 7.72 (8 7.7, 1.6 Hz, 1H), 7.60 (dd,= 4.9, 0.6
Hz, 1H), 7.32 (d) = 7.8 Hz, 1H), 7.26 (dd] = 9.6, 4.5 Hz, 1H), 7.12 (dd,= 4.7, 4.2 Hz, 1H),
5.48 (d,J = 5.9 Hz, 2H), 5.31 (d] = 5.9 Hz, 2H), 5.01 (d] = 4.6 Hz, 2H), 3.09-2.98 (m, 1H),
2.30 (s, 3H), 1.34 (dJ = 6.9 Hz, 6H)."*C NMR (126 MHz, CDGJ): 5, ppm 178.46, 162.81,
153.45, 149.47, 137.09, 136.30, 135.18, 134.19,862822.90, 121.56, 103.44, 100.03, 84.30,
82.72, 77.31, 77.06, 76.80, 50.13, 30.48, 22.2639&T-IR (KBr, cm?): 3228 (m;v(amide
N-H)), 3219 (m; v(thiourea N-H)), 1688 (s; v(C=0)), 1271 (sy(C=S)). UV-vis (Methanol)A
(nm) 203, 260, 289, 445. ESI-MS (m/z): Found 51QB%[M-2H-2CI+H] (Calcd. 512.04043).

[RUCIz(/7>-p-cymene)Ly] (2)

Yield: 89 %. Mp.: 216C. *H NMR (500 MHz, CDCJ): 6, ppm 11.91 (s, 1H), 10.90 (s, 1H),
8.63 (d,J = 4.5 Hz, 1H), 7.93 (d) = 3.6 Hz, 1H), 7.72 (td) = 7.7, 1.1 Hz, 1H), 7.62 (s, 1H),
7.31 (d,J = 7.8 Hz, 1H), 7.28-7.25 (m, 2H), 6.51 (dds 3.4, 1.3 Hz, 1H), 5.48 (d,= 5.8 Hz,
2H), 5.30 (dJ = 5.8 Hz, 2H), 5.01 (d] = 4.5 Hz, 2H), 3.08-2.98 (m, 1H), 2.30 (s, 3HR4L(d,

J = 6.9 Hz, 6H)*C NMR (126 MHz, CDGJ): 6, ppm 178.70, 158.35, 153.31, 149.18, 147.67,
144.81, 137.31, 122.98, 121.61, 121.22, 112.63,4803100.03, 84.27, 82.65, 49.93, 30.49,
22.26, 18.39. FT-IR (KBr, ci): 3148 (m;v(amide N-H)), 3128 (m; v(thiourea N-H)), 1684 (s;
v(C=0)), 1253 (sy(C=S)). UV-vis (Methanol)A (nm) 206, 270, 451. ESI-MS (m/z): Found
496.06242 [M-2H-2CI+H] (Calcd. 496.06327).

[ RUCIa(77*-p-cymene)Lg] (3)

Yield: 93 %. Mp.: 178C.*H NMR (500 MHz, CDC}J): J, ppm 12.23 (s, 1H), 11.23 (s, 1H), 8.67
(d,J=4.4 Hz, 1H), 8.27 (d] = 7.6 Hz, 2H), 7.78-7.73 (m, 1H), 7.53Jt 7.3 Hz, 1H), 7.46 (t,
J=7.7 Hz, 2H), 7.35 (d] = 7.8 Hz, 1H), 7.32-7.27 (m, 1H), 5.47 {d5 5.9 Hz, 2H), 5.30 (d]



= 5.9 Hz, 2H), 5.05 (d) = 4.5 Hz, 2H), 3.08-2.98 (m, 1H), 2.28 (s, 3HB3L(d,J = 6.9 Hz,
6H). °C NMR (126 MHz, CDGJ): §, ppm 179.19, 168.87, 153.48, 149.27, 137.34, 133.4
131.24, 129.72, 128.48, 122.98, 121.73, 103.39NRB4.30, 82.76, 77.32, 77.06, 76.81, 50.04,
30.48, 22.26, 18.38. FT-IR (KBr, ¢ 3250 (m;v(amide N-H)), 3231 (m; v(thiourea N-H)),
1681 (s;v(C=0)), 1192 (sy(C=S)). UV-vis (Methanol)A (nm) 202, 243,444. ESI-MS (m/z):
Found 506.08401 [M-2H-2Cl+H](Calcd. 506.08401).

[RUCIo(/7>-p-cymene)Ls] (4)

Yield: 84%. Mp.: 185C. *H NMR (500 MHz, CDCY): 6, ppm 11.85 (s, 1H), 11.47 (s, 1H), 8.65
(d,J=4.5 Hz, 1H), 8.08 (d] = 8.4 Hz, 1H), 7.75 (t) = 7.6 Hz, 1H), 7.40 (d] = 1.2 Hz, 1H),
7.34 (d,J = 8.2 Hz, 2H), 7.29 (d] = 6.4 Hz, 1H), 5.43 (d] = 5.8 Hz, 2H), 5.26 (d] = 5.8 Hz,
2H), 5.03 (d,J = 4.4 Hz, 2H), 2.99 (m, 1H), 2.25 (s, 3H), 1.32J& 6.9 Hz, 6H)*C NMR
(126 MHz, CDC}): d, ppm 179.42, 166.80, 153.08, 149.32, 138.33, #37133.64, 132.31,
130.52, 130.00, 127.28, 123.07, 121.70, 103.4B7RQB4.05, 82.74, 50.06, 30.48, 22.22, 18.38.
FT-IR (KBr, cni?): 3141 (m;v(amide N-H)), 3049 (m; v(thiourea N-H)), 1686 (s; v(C=0)),
1246 (s;v(C=S)). UV-vis (Methanol):A (nm) 203, 260, 290, 448. ESI-MS (m/z): Found
574.00343 [M-2H-2CI+H] (Calcd. 574.00606).

[ RUCl(77°-p-cymene)Lg] (5)

Yield: 81 %. Mp.: 190C. *H NMR (500 MHz, CDCJ): 6, ppm 11.70 (s, 1H), 10.80 (s, 1H), 8.62
(d,J = 4.4 Hz, 1H), 7.71 () = 7.5 Hz, 1H), 7.29 (d] = 7.9 Hz, 1H), 7.24 (d] = 7.1 Hz, 1H),
5.44 (d,J = 5.8 Hz, 2H), 5.28 (d] = 5.8 Hz, 2H), 4.93 (d] = 4.5 Hz, 2H), 3.02 (df] = 13.8, 6.9
Hz, 1H), 2.39 (dtJ = 11.5, 3.3 Hz, 1H), 2.29 (s, 3H), 1.99-1.94 (m),2H72 (ddJ = 9.9, 2.8
Hz, 4H), 1.62 (dJ = 12.8 Hz, 2H), 1.33 (d] = 6.9 Hz, 6H), 1.28-1.23 (m, 2HYC NMR (126
MHz, CDCk): ¢, ppm 178.81, 178.62, 153.49, 149.49, 137.05, 122121.58, 103.25, 99.90,
84.06, 82.67, 49.91, 45.59, 30.47, 28.22, 25.59,1252.26, 18.46. FT-IR (KBr, cM): 3197
(m; v(amide N-H)), 3134 (m; v(thiourea N-H)), 1700 (s; v(C=0)), 1191 (sy(C=S)). UV-vis
(Methanol):A (nm) 204, 258, 437. ESI-MS (m/z): Found 512.13Q@I82H-2CI+H]" (Calcd.
512.13096).



2.4 Transfer hydrogenation of carbonyl/nitro compounds

Catalyst (0.1 mol %) and KOH (1 mmol) were disgolvin 2-propanol (4 mL). To this
solution, substrate (1 mmol) was added and theurexivas refluxed (82C). The progress of
the reaction was monitored by GC at regular intervafter the completion of the reaction, the
reaction mixture was cooled to room temperaturefdgied through silica gel or alumina bed,

and eluted using 50% ethyl acetate-hexane mixtlilee eluted solution was reduced and
analyzed by GC and/or GCMS.

3. Results and discusson

The acylthiourea ligands were synthesized from abidride, potassium thiocyanate and
2-(aminomethyl)pyridine in ethyl acetate. The remctbetween [RuG(7°-p-cymene)] and

ligand (L) in toluene led to the formation of coewes of the type [Ru@l7®-p-cymene)L]
(Scheme 1).

HNTYS o
o KSCN o N~
N J ¢ XJ\NJ\N N
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X" 'N H H
55-60 °C, 1 h 27-30°C,3 h N~
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N N L,-Ls 4-5h J?\ JJ\
X" N N | X
H H y
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<o - 0L T L
(0]
ngand L, Lo Ls L, Ls

Complex 1 2 3 4 5



Scheme 1 Synthesis of the ligands {iLs) and their Ru(ll)f-cymene) complexed{5)

3.1 Characterization

FT-IR spectra of the free ligands showedH\Y C=0 and C=S stretching frequencies
around 3104-3306, 1657-1689 and 1190-1280" amspectively. On complexation, C=S
stretching frequency was decreased, which indicttedformation of the complexes through
coordination of S in the acylthiourea ligands. Hiegic spectra of the ligands and their
complexes showed strong absorption bands in thger202-231 and 243-290 nm which were
attributed tort— 1 and n- 1t transitions respectively. A less intense band3at451 nm in the

spectra of the complexes indicated d transition.

In the'H NMR spectra of the ligands and their complexks, amidic and thioamidic M
protons were observed as singlet around 11.44-12r2B8.84-11.54 ppm respectively. The
signals due to NH were slightly deshielded in the spectra of thenglexes. The aromatic
protons of the ligands and their complexes wereesl in the range 6.51-8.67 ppm. A doublet
due to methylene protons was detected at 4.93{p6% The new signals observed around 5.26-
5.48 (d), 2.98-3.09 (m), 2.25-2.30 (s) and 1.321(@®) ppm in the spectra of the complexes
indicated the presence pfcymene. In thé*C NMR spectra of the ligands and their complexes,
signals were found around 178.5-179.8 and 156.561p®m, which corresponded to the
thiocarbonyl and carbonyl carbons respectively. $igmal due to shielded methylene carbon
appeared around 49.9-50.9 ppm. In the spectraeotdmplexes, new signals were observed in
the range 82.6-103.5 and 18.3-30.5 ppm, which spaeded to the carbons pitymene. The
cyclohexyl carbons of d.and5 were observed around 22.2-45.6 ppm. The calcultied]”
mass of the ligands were exactly matching with tbend mass. But in the case of the
complexes, the two chloride ligands were labilendes the found mass of the complexes were
matching with the calculated [M-2H-2Cl+Hhass"? From the spectroscopic data, the formation

of the ligands and their Ru(Ip{cymene) complexes was confirmed.



3.2 Molecular structures

The molecular structure of ligands, LL,, Ly andLs, and complexl was confirmed by
single crystal X-ray crystallography. The ligands (L., Ls andLs) and complexl were
crystallized by slow evaporation technique. drystallized in orthorhombic crystal system
with space groufP2,2,2; and seems to be a chiral molecule (Figlil)was a twinned
inversion crystaland its flack parameter was 0.4(11), close to Blénce, it was achiral
which was further confirmed by polarimeter as ngnsgicant optical rotation value was

observed. The ligands,LL, andLs crystallized in triclinic crystal system witR-1 space

group.

Fig. 1 Molecular structure of L[Important bond lengths (A) and angl&s 8(2)-C(6) 1.676(3),
N(1)-C(6) 1.395(4), N(:)H(1) 0.88, N(1yC(5) 1.374(4), O(BHC(5) 1.228(4), N(C(6)
1.326(4), N(1yH(2) 0.88, O(1)H(2) 1.91, N(3)H(1) 2.11, 1.98N(HC(6)-S(2) 125.3(2),
N(1)-C(6)-S(2) 118.8(2), N(3C(6)-N(1) 115.9(3)].

Complex1 crystallized in orthorhombic crystal system wirhca space group. The inter-
and intra-molecular hydrogen bonding interactianshie ligands and complelxwere revealed.
The intramolecular hydrogen bonding betwedfiHwas strong since its bond length was less

than 2 A. The other hydrogen bonding interactiorsemveak since their bond lengths were



more than 2 A. The centroid distance betweetymene ring and Ru(ll) was 1.664 A. The
monodentate neutral coordination mode of the liggmmdugh S atom was confirmed from the
crystal structure ofl. Due to the coordination of S to Ru, the C=S btarjth was increased

from 1.676 to 1.708 A. From the bond angles ardgaodl), the pseudo-octahedral geometry of

1 was confirmed (Fig 2).

Fig. 2 Molecular structure ofl [Important bond lengths (A) and angle®): (Ru(1)}S(1)
2.4147(6), Ru(HCI(1) 2.4278(6), Ru(H)Cl(2) 2.4290(6), Ru(hHC(13) 2.188(2), S(1C(1)
1.708(2), N(1yC(1) 1.369(3), N(1yH(1) 0.88, N(1yC(2) 1.387(3), N(1HH(2) 0.88, N(2YC(1)
1.326(3), O(1)C(2) 1.221(3), O(DH(2) 1.97, CI(2IH((1) 2.44, CI(1)IH(1) 2.62,
Cl(1)-Ru(1>Cl(2) 87.66(2), S(HRu(1)}Cl(1) 92.18(2), S(BHRu(1)Cl(2) 90.68(2),
C(13XRu(1)yCl(1) 87.42(6), N(2C(1)>S(1) 120.28(18), N(BC(1)-S(1) 120.88(17),
N(1)-C(1)-N(2) 118.8(2)].

3.3 Catalytic activity
The newly synthesized complexes were observee texbellent precatalysts for the TH
of carbonyl and nitro compounds using 2-propana hgdrogen source and KOH as a base. The

reaction conditions were optimized using acetophenas a model substrate (Table S3-S7).

There was no significant conversion in the abseri@ebase. In the absence of the catalyst, the



maximum conversion obtained was 34%. The effetéwiperature was optimized and there was
no significant conversion below 8. The optimized molar ratio of the substrate :ebas
catalyst was 1:1:0.001. Though all the complexesveld good catalytic activity towards TH of
acetophenone (99%), compldxwas choserfor scope extension. The scope of the present
system was extended to various substituted ketatdeshydes and nitroarenes. All the substrates
were reduced in good to excellent yields which wamalyzed by GCMS. Some of the products

were isolated and further confirmed 1y NMR study.

Analogous Ru(ll) catalyst containing chiral acigilrea ligand took 24 h for the
conversion of acetophenone to 1-phenylethanol, datalyst 1 containing pyridine based
acylthiourea took only 14 h for the same conversfofhe electronic effect of the substituents
present in the substrates played a predominant Tole substrates with electron withdrawing
group were more reactive than those with electmmatng group due to the increase of electron
deficiency in the nitro/carbonyl group (Table 1 &@jd Thus, benzophenone took only 12 h for
the complete conversion (Table 1, entry 2) wheezstophenone took 14 h (Table 1, entry 1).
Similarly, the substrates with electron releasingug@ required more than 14 h and even then, the
conversion was incomplete (Table 1, entries 9-1&hld 2, entry 2). The alicyclic substrates
were readily reduced with excellent TON and TOFueal (Table 1, entries 13-14, 20-21, 34).
Notably, the reduction of quinone was explored ttugs biological and industrial significance.
Only few reports were available for the metal basstliction of quinones [41]. Interestingly,
entry 21 showed that the quinone was readily reditmérydroquinone with high TON (990) and
TOF (110). The bromo and fluoro substituted sulbstrahowed moderate yield of corresponding
alcohol due to the formation of hydrodehalogenaledhol as side product (Table 1, entries 5, 6,
8, 27, 28). This was due to the labile nature ofd@rd F. But this was not the case with respect
to chloro substituted substrates. The substratéis para substituent gave the corresponding
alcohol readily than those with tleetho substituent due to the steric effect (Table 1,ien8-4,
9-10, 24-26). In the case of entries 27 and 28, dhiversion was 100 %, but tleetho
substituted aldehyde yielded higher amount of ptodtompared to thepara substituted
analogue. This was due to the easy formation ofddghalogenated alcohol as side product in
the case ofpara substituted aldehyde. The TH of heterocyclic coumus is always a
challenging one since there is a possibility ofrdamation of hetero atom to metal and poison the

catalyst. It was observed in the present casethigatatalyst readily reduced the heterocyclic



carbonyl compounds to their corresponding alcottls excellent yields of up to 99% (Table 1,
entries 15-20, 31-33). These heterocyclic alcohalge a wide range of applications in synthetic
chemistry and pharmaceuticals. Interestingly, fiaifwas reduced to furfuryl alcohol which was
a platform chemical in the biomass conversion. Tdomversion of furfural to furfuryl
alcohol/furfuryl acetate/levulinic acigalerolactone has a significant value in biofiedearch
[42,43]. The TH of alkene was not successful, wHeth to the chemoselective reduction of
unsaturated carbonyl compounds and nitroarenesntance, 3-cyclohexene-1-carboxaldehyde
was selectively reduced to 3-cyclohexene-1-methantbl significant TON (890) (Table 1, entry
34).

Interestingly, we have observed the chemoselectdection of the nitro group in 3-
nitroacetophenone with 99% yield. So, we have addnthe scope to more nitroarenes and
found that the nitroarenes with electron withdrayvsubstituent were readily reduced to their
corresponding amines (Table 2, entries 5-10). Buthie case of nitroarenes with electron
donating substituent, the reaction was incompl€&tble 2, entry 2). The conversion was 100%
during the reduction of nitrobenzene but the yieldaniline was only 46% (Table 2, entry 1).
The lower yield was due to the formation of intedia¢ée azobenzene. This clearly confirmed
that the reduction of nitroarenes proceedel azoxybenzene and azobenzene intermediates
[44,45]. The importance of present catalytic systes in chemoselectivity and wide substrate
scope. Nitro group was selectively reduced to amiiteout the ketone/aldehyde was being
reduced (Table 2, entries 8-10) with high TON. T¢teemoselective nitro reduction is of
tremendous importance in organic synthesis paaitulwhen multiple reducible functional
groups are present. Thus, multistep reactions @ametuced to one step. In general, nitro
reduction was done by classical Pd/C or other bgwreous catalysts which require harsh
experimental conditions [46-49]. The present caéialgystem can replace the conventional

catalysts.



Table 1 Transfer hydrogenation of carbonyl compounds

0]

/U\ Ru catalyst (0.1 mol%)
R R 2-propanol (4 mL), R’
1 mmol KOH (1 mmol)
R =alkyl/aryl/ H 82°C
R'=acyl / aryl
Entry Substrate Product T(irr]r)me Y(i(;i(;b TON® TOF
(0] OH
1 @%m @cm 14 99 990 70.7
O OH
2 12 98 980 81.7
O OH
3 /©)J\CH3 @*cn_; 14 95 950 67.9
Cl Cl
0] OH
4 @f%m dCHs 14 87 870 62.14
Cl Cl
0] OH
5 @Acm /©)\cm 14 60 600 42.9
F F
(0] OH
6 Q)%H;* ﬁCH3 14 68 680 48.6
Br Br
0 OH
7 14 03 930 66.4
Cl Cl Cl Cl
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890 74.2

89

12

990 110.0

99

21

99 990 70.7

14

CH;

CH;

22

OH

95 956 79.2

12

23

OH

99 990 82.5

12

24

Cl

Cl

OH

99 990 82.5

12

25

Cl

Cl

OH

88 880 73.3

12

26

C

Cl

OH

79 790 65.8

12

27

Br

Br

OH

870 72.5

87

12

28

Br

Br

OH

910 65.0

91

14

29

OH

970 69.3

97

14

30



31 Q/Z(H
32 @AH

33 z o = OH

N
H
(0)

14

14

12

14

85

80

99

89

850

800

990

890

60.7

57.1

82.5

63.6

®Yield (%) was analyzed by GCMS

¢ Turn over number (TON) = No. of moles of produbto. of moles of catalyst

4Turn over frequency (TOF) = TON / Time in hours

€ Conversion was not 100%

"Mercury drop test



Table 2 Transfer hydrogenation of nitroarenes

Ru catalyst (0.1 mol%)

R-NO, - R-NH,
1 mmol 2-propanol (4 mL),
R =aryl KOH (1 mmol)
82°C
Time Yield
Entry Substrate Product TON TOF
h )
NO, NH,
1 © @f 16 46 460 28.9
NO, NH,
0 /@ /@ 24 70 700 292
NO, NH,
3 O Q 16 72 720 450
Cl Cl
NO, NH,
4 O Q 14 96 960 686
1 1
NO, NH,
5 14 99 990 70.7
NH, NH,
6 /@f /@f 14 99 990 707
O,N H,N
NO, NH,
7 @ @ 14 99 990 70.7
NH, NH,
(0) (0}
8 ﬁcm /©)J\CH3 12 99 990 82.5
O,N H,N



99 990 825

99 990 825

NO, NH,
9 ©\H/CH3 ©\”/CH3 12
(0] (0]
O O
10 O)LH O)LH 12
O,N H,N

®Yield (%) was analyzed by GCMS

The reaction mechanism was similar to Noyori’s ogfghere mechanism. The labile Cl
was easily replaced by 2-propanol in the presedeQH and led to the formation of active
RuH species through intramolecular hydrogen transix-membered transition state was
formed with the substrate through the bifunctiomaéchanism and desired product was
eliminated. The common side product observed wasgsponding acetates which was formed
by the esterification of alcohol product with aceticid formed from 2-propanol. The true
catalyst (RtH species) was isolated and characterized by F3pEetrum in which peak at 2189
cm® corresponding to RtH stretching was observed. The homogeneity of #aetion was
tested using mercury drop test which showed no &ion of Ru amalgam as the conversion of
acetophenone to 1-phenylethanol was 100% in presehanercury under identical reaction
conditions (Table 1, entry 22). This confirmed #imsence of Ru particles in the reaction mixture

and homogeneous pathway [50].

4. Conclusion
Ru(ll)(77°-p-cymene) complexesl{5) containing pyridyl based acylthiourea ligands-(L

Ls) was synthesized and characterized. The molestriacture of ligands 1. L, L4 and Ls, and

complex1 was confirmed by single crystal XRD study. All tt@mplexes were found to be good
pre-catalysts for the TH of ketones, aldehydes ratrdarenes. But alkene was unreactive with
these catalysts and paved the way for the selettiV@ef unsaturated carbonyl compounds and
nitroarenes. Remarkably, the nitro group was sefdgt reduced in the presence of carbonyl
with these catalysts, which is unusual in homogasetatalysis. The catalyst was compatible

towards wide range of substrates including hetetlesy
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Highlights

v

Ru(11)(7°-p-cymene) complexes containing 2-(aminomethyl)pyridine based acylthiourea
ligands were synthesized and characterized

The molecular structure of ligands and one of the complexes was confirmed by single
crystal XRD study

All the complexes were found to be good pre-cataysts for the TH of ketones, aldehydes
and nitroarenes

Alkene was unreactive with these catalysts and paved the way for the selective TH of
unsaturated carbonyl compounds and nitroarenes

The catal ysts were compatible with broad range of substrates which include furfural,

guinone and heterocycles



