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Abstract

Ru(l)-p-cymene complexes1{3) containing picolyl based pseudo-acylthiourea
ligands (L1-L3) were synthesized and characterized. The crystalfhic study confirmed the
molecular structures of all the ligands;{Ls) and complexX3. The catalytic activity of the
complexes was tested mainly towards TH of carbamyhpounds and nitroarenes. The
influence of steric and electronic effects of tigahds on the chemoselectivity and reactivity
were reported. The catalytic activity was enhanmed chemoselectivity was switched after
tuning the ligands in the catalysts, compared ®rthorresponding unmodified Ru(lp-
cymene complexes. The catalysis was extended toaal mange of substrates including some
challenging systems like furfural, benzoylpyridinegenzoquinone, chromanone, etc. The
strategy of tuning the bifunctional ligands in ttedalysts for effective and selective catalysis
worked nicely. Further, the catalysis was externtdeshe pot synthesis of 3-isopropoxyindole
from 2-nitrocinnamaldehyde, the first synthetic tosimilar to Baeyer Emmerling indole

synthesis. All the catalytic experiments exhibitégh conversion and selectivity.

Keywords: Ruthenium-arene; Pseudo-acylthiourea ligands; Teahydrogenation;
Chemoselectivity; Indole

* Corresponding author.

E-mail addresskar@nitt.edu (R. Karvembu).



1. Introduction

Hydrogenation is the key step in many organic fiansations. Many chemoselective
homogeneous catalysts were reported for hydrogemattactions so far.[1-4] Transfer
hydrogenation (TH) reactions are preferred overdgenation using figas due to their mild
and sustainable reaction conditions. Notably, Tldctiens gained prominence after the
milestone discovery of bifunctional catalysts byyNo and his co-workers. They explained
the importance of NH moiety for the bifunctional mechanism which entesithe rate of the
TH reactions. This metal-ligand cooperation efi@etH effect) led to the discovery of many
bifunctional catalysts for the effective catalyliel reactions. However, there is an ongoing
search for a universal catalyst which can compéyrieeds of TH reactions like phosphine
free, inexpensive, active with cheaper hydrogerodgrchemoselective and compatible with
a broad range of substrates.[5-7] Chemoselect@etiosms have inherent advantage as they
facilitate single step reactions by avoiding pratet and deprotection steps. The controlled
chemoselectivity is achieved mostly in homogeneoatalysis due to the extraordinary
variability in the structure of molecular catalyst6he change in bulkiness, chirality,
coordination mode and electronic property of tigarids on the metal center of the catalysts
will influence their reactivity, stereoselectivityggioselectivity and chemoselectivity. Hence,
ligands play an important role in tuning the bebawf the catalysts.[1,8—18] In some cases,
even pH of the reaction medium influences the clsateativity.[19] Sommeet al. reported
the influence of coordination mode of azocarboxanigands in Ru(ll)-arene complexes on
base-free TH catalysis.[20] Recently, Malenh al. reported picolyl based Ru(ll)-NHC
complexes as catalysts for TH of ketones and oxidadf alcohols.[21] Hintermaiet al.
reported the influence of ancillary ligands in IIBCp* catalyst towards TH reaction using
2-propanol as hydrogen source and KOH as basejJ#&)ugh the literature seems to offer a

variety of tuned catalysts, scope of the substi@teschemoselectivity aspect remain limited.

Ruthenium-arene based catalysts with potentialntigaare well known for TH
reactions.[4-5,23] Acylthiourea ligands are onehsligands with a variety of coordination
modes and having a huge space for tuning the efectenvironment, which pave the way
for the control of stereoselectivity, chemoselattivand reactivity.[24—-27] Picolylamine
based compounds are also potential ligands for flédudonyl compounds.[28,29] Our group
has previously reported various chiral acylthioureased Ru(ll)-arene complexes as
bifunctional catalysts for asymmetric TH reactiofkese ligands are bound to the ruthenium
center via monodentate neutral sulphur coordination. Gengrdligh conversions and



excellent enantioselectivities were achieved, anechanism was similar to Noyori's
bifunctional outer sphere mechanism.[24,30-32] Végehalso reported Ru(lp-cymene
catalysts containing picolyl based acylthioureatids for the TH of nitroarenes and carbonyl
compounds, wherein the chemoselectivity was obsgetewards nitroarenes.[33] Srinivas

al. reported thiopseudourea (modified acylthiouresgela Pd(Il) complexes as versatile and
efficient catalysts for €C coupling reactions.[34] Herein we report the d®nin
chemoselectivity of TH by tuning the bulkiness aodrdination mode of acylthiourea based
ligands present in the Ru(lp-cymene complexes. Scope of the substrates wadgllproa
explored. Some challenging substrates like furfub@nzoyl pyridine, benzoquinone and

chromanone were successfully tested.

One pot synthesis of biologically active heteroyehotifs like indoles, quinolines
etc.via TH followed by cyclization is an important arearegearch. Achieving this through
hydrogen borrowing strategy is an active field ofrent research.[35,36] Interestingly, we
have devised a novel one pot method for the syistti#s3-isopropoxy-1H-indole from 2-
nitrocinnamaldehyde.

2. Experimental section

2.1 Synthesis of the ligands{Ls)

The pyridine based acylthiourea precursors werepgresl by following our
previously reported procedure. Benzyl bromide (th®ol) was added to the solution of
acylthiourea (1 mmol) and sodium hydride (3 mmaldry THF (20 mL). After stirring the
reaction mixture under inert atmosphere for 5 @ 4, it was neutralized with 10 % aqueous
ammonium chloride solution. Then, THF was removsithgi rotary evaporator, and product

was extracted with ethyl acetate, dried over antwysisodium sulphate and crystallized.[34]

Benzyl -N'-thiophene-2-carbonyl-N-(pyridin-2-ylmgjbarbamimidothioate (1)

Yield: 353.3 mg, 96 %, m.p.: 112C. *H NMR (500 MHz, CDC}, ppm): 6 11.60 (s, 1H),
8.62 (d,J = 4.0 Hz, 1H), 7.86 (d] = 3.3 Hz, 1H), 7.67 () = 7.7 Hz, 1H), 7.48 (d) = 4.9
Hz, 1H), 7.44 (d,) = 7.5 Hz, 2H), 7.31 () = 7.3 Hz, 2H), 7.28-7.24 (m, 2H), 7.23-7.20 (m,
1H), 7.09 (t,J = 4.3 Hz, 1H), 4.68 (dJ = 5.0 Hz, 2H), 4.59 (s, 2H}’C NMR (126 MHz,
CDCl;, ppm): 6 172.59, 171.20, 154.75, 149.69, 143.69, 136.93,583 129.14, 128.71,
127.87, 127.56, 122.72, 121.30, 48.84, 35.49. F{KIBr, cm™) 3181 (m;v(thiourea N-H)),
1590 (m;v(C=0)), 1545 (my(pyridine C=N)), 1509 (my(amidic C=N)), 707 (sy(C-S)).



UV-Vis (methanol, nm)i 204, 263, 303. ESI-MS (m/z): found 368.08795 [M*Kalcd.
368.08310).

Benzyl N'-furan-2-carbonyl-N-(pyridin-2-yImethylyjbamimidothioate (k)

Yield: 306.3 mg, 87 %, m.p.: FZ.*H NMR (500 MHz, CDC}, ppm): 5 11.58 (s, 1H), 8.60
(d,J = 3.8 Hz, 1H), 7.66 (t] = 7.7 Hz, 1H), 7.57 (s, 1H), 7.43 = 7.4 Hz, 2H), 7.31 (1] =
7.3 Hz, 2H), 7.26 (t) = 5.7 Hz, 2H), 7.23-7.19 (m, 2H), 6.48 (s, 1HHA(d,J = 3.6 Hz,
2H), 4.56 (s, 2H)"®C NMR (126 MHz, CDCJ, ppm): § 172.98, 167.59, 154.75, 151.88,
149.58, 145.66, 137.09, 136.90, 129.09, 128.68,5827122.69, 121.21, 116.48, 111.73,
48.80, 35.49. FT-IR (KBr, ci): 3158 (m;v(thiourea N-H)), 1592 (m:v(C=0)), 1573 (m;
v(pyridine C=N)), 1533 (sv(amidic C=N)), 707 (sy(C-S)). UV-Vis (methanol, nmJt 203,
263, 303. ESI-MS (m/z): found 351.11284 [M+Kalcd. 351.11197).

Benzyl N'-benzoyl-N-(pyridin-2-ylmethyl)carbamintldoate (Lg)

Yield: 315.1 mg, 87 % , m.p.: 12&. '"H NMR (500 MHz, CDC}, ppm): § 11.90 (s, 1H),
8.63 (d,J = 2.6 Hz, 1H), 8.30 (d] = 7.3 Hz, 2H), 7.67 (td] = 7.7, 1.5 Hz, 1H), 7.49 (dd,=
10.4, 4.2 Hz, 1H), 7.42 (dd, = 13.4, 7.0 Hz, 4H), 7.31 (§, = 7.3 Hz, 2H), 7.29-7.24 (m,
2H), 7.24-7.19 (m, 1H), 4.71 (d,= 2.8 Hz, 2H), 4.64 (s, 2H}*C NMR (126 MHz, CDC},
ppm): ¢ 176.22, 173.06, 154.90, 149.71, 137.79, 136.971,763 129.68, 129.11, 128.76,
128.06, 127.61, 122.74, 121.36, 48.88, 35.61. F{KIR, cni): 3151 (m;v(thiourea N-H)),
1603 (m;v(C=0)), 1568 (my(pyridine C=N)), 1532 (sy(amidic C=N)), 705 (sy(C-S)).
UV-Vis (methanol, nm)d 205, 263, 301. ESI-MS (m/z): found 362.13271 [M%*Kjalcd.
362.13234).

2.2 Synthesis of the complexes

A mixture of [RuCh(;°-p-cymene)} (0.5 mmol) and the ligand {tL3) (1 mmol) in
toluene (20 mL) was stirred at room temperatureaioout 4-5 h. The completion of the
reaction was verified by TLC. The product was peated by adding hexane, which was
filtered, washed and dried wacuum It was then crystallized from its chloroform-amsitrile

solution.
[RUCI(77°-p-cymene)i]Cl (1)
Yield: 529.6 mg, 83 % , m.p.: 17€. *H NMR (500 MHz, DMSO-g, ppm): 6 12.13 (s, 1H),

8.99 (d,J = 5.1 Hz, 1H), 8.50 (s, 1H), 8.08 @@= 3.7 Hz, 1H), 7.97 () = 7.5 Hz, 1H), 7.53
(t, J = 6.6 Hz, 2H), 7.36 (dd] = 15.9, 7.8 Hz, 6H), 5.70 (d,= 5.7 Hz, 1H), 5.65-5.57 (m,

4



2H), 5.51 (dJ = 5.6 Hz, 1H), 5.11 (d] = 19.5 Hz, 1H), 4.91 (dl = 19.5 Hz, 1H), 4.40 (4}

= 13.3 Hz, 2H), 2.73 (df = 13.3, 6.5 Hz, 1H), 2.15 (s, 3H), 1.15Jd& 6.7 Hz, 3H), 1.09 (d,

J = 6.7 Hz, 3H).**C NMR (126 MHz, DMSO-¢ ppm): & 167.89, 159.90, 159.23, 155.06,
139.68, 137.48, 137.18, 135.13, 133.07, 129.53,4829129.22, 128.24, 125.50, 121.67,
106.42, 101.57, 85.98, 85.37, 85.02, 84.41, 6432617, 30.88, 22.39, 22.36, 18.64. FT-IR
(KBr, cm™): 3420 (b;v(thiourea N-H)), 1648 (sy(C=0)), 1521 (my(pyridine C=N)), 1607
(m; v(thioamidic C=N)), 732 (s¢y(C-S)). UV-Vis (methanol, nmj 207, 252, 296, 417. ESI-
MS (m/z): found 638.06344 [RuCf-p-cymene)L]* (calcd. 638.06406).

[RUCI(77°-p-cymene)E|Cl (2)

Yield: 547.4 mg, 88 % , m.p.: 13€.*H NMR (500 MHz, DMSO-g, ppm): 6 12.01 (s, 1H),
8.98 (d,J = 5.3 Hz, 1H), 8.08 (s, 1H), 7.96 {t= 7.6 Hz, 1H), 7.80 (s, 1H), 7.52 @z 7.4
Hz, 2H), 7.37 (s, 4H), 7.31 (d,= 5.4 Hz, 1H), 6.81 (s, 1H), 5.68 = 5.5 Hz, 1H), 5.60 (d,
J=5.9 Hz, 1H), 5.56 (d] = 5.8 Hz, 1H), 5.48 (d] = 5.4 Hz, 1H), 5.04 (d] = 19.4 Hz, 1H),
4.88 (d,J = 19.6 Hz, 1H), 4.39 (d] = 13.3 Hz, 1H), 4.32 (d] = 13.3 Hz, 1H), 2.73 (d] =
13.5, 6.7 Hz, 1H), 2.15 (s, 3H), 1.14 (= 6.8 Hz, 3H), 1.07 (d}= 6.9 Hz, 3H).**C NMR
(126 MHz, DMSO-@, ppm): & 159.89, 155.00, 139.62, 129.58, 129.42, 129.38.1R?
125.42, 121.49, 113.05, 106.15, 101.66, 85.71,33534.86, 84.53, 64.14, 38.98, 30.77,
22.40, 22.20, 18.58. FT-IR (KBr, ¢h 3424 (b;v(thiourea N-H)), 1685 (sv(C=0)), 1556
(m; v(pyridine C=N)), 1608 (my(thioamidic C=N )), 711 (my(C-S)). UV-Vis (methanol,
nm): A 203, 273, 294, 415. ESI-MS (m/z): found 622.08fRACI(77°-p-cymene)l]* (calcd.
622.08690).

[RUCI(77°-p-cymene)t|Cl (3)

Yield: 531.02 mg, 84 % , m.p.: 17Z. 'H NMR (500 MHz, DMSO-g, ppm): 6 11.91 (s,
1H), 8.99 (dJ = 5.4 Hz, 1H), 8.16 (d] = 7.5 Hz, 2H), 7.98 (1) = 7.5 Hz, 1H), 7.73 ({J =
7.3 Hz, 1H), 7.63 (t) = 7.5 Hz, 2H), 7.54 (t) = 7.2 Hz, 2H), 7.39 (q] = 7.3 Hz, 4H), 7.34
(d, J = 6.8 Hz, 1H), 5.71 (dJ = 5.8 Hz, 1H), 5.64-5.59 (m, 2H), 5.52 (M= 5.8 Hz, 1H),
5.13 (d,J = 19.5 Hz, 1H), 4.87 (d] = 19.5 Hz, 1H), 4.36 (dd] = 28.1, 13.3 Hz, 2H), 2.81-
2.71 (m, 1H), 2.17 (s, 3H), 1.16 (@@= 6.8 Hz, 3H), 1.10 (d] = 6.8 Hz, 3H)*C NMR (126
MHz, DMSO-d, ppm): 0 168.65, 165.13, 159.89, 155.03, 139.60, 137.48,683 132.15,
129.52, 129.37, 129.08, 128.17, 125.45, 121.64,4706.01.42, 85.98, 85.48, 84.97, 84.22,
64.11, 38.99, 30.83, 22.35, 22.29, 18.58. FT-IR r(Kdn'): 3484 (m;v(thiourea N-H)),
1670 (s;v(C=0)), 1563 (sy(pyridine C=N)), 1610 (my(thioamidic C=N)), 707 (sy(C-S)).
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UV-Vis (methanol, nm)i 205, 257, 292, 416. ESI-MS (m/z): found 632.10868:Cl°-p-
cymene)lg]” (calcd. 632.10734).

2.3 Procedure for catalytic TH of nitroarenes aradtwonyl compounds

Substrate (1 mmol) was added to 2-propanol (4 mljten of the catalyst (0.1 mol
%) and KOH (1 mmol), and refluxed at 86. The completion of the reaction was checked
by TLC. Then, the reaction mixture was cooled tomotemperature, eluted through short
silica gel or alumina bed using 50 % hexane-etlogtate mixture and analyzed by GC or
GC-MS. The products were isolated from the moshefreactions and confirmed by th&it

NMR spectra.

2.4 Synthesis of 3-isopropoxy-1H-indole
When 2-nitrocinnamaldehyde (1 mmol) was used ashatsate in the above process,
3-isopropoxy-1H-indole was obtained. The produgelfly 62 %) was isolated by column

chromatography using 10 % hexane-ethyl acetateunagixts an eluent.

2.5'"H NMR data of TH products

1-phenylethanoli@): *H NMR (500 MHz, DMSO-¢, ppm):d 7.37 (d,J = 7.6 Hz, 2H), 7.32
(t, J= 7.5 Hz, 2H), 7.22 () = 7.2 Hz, 1H), 5.20 (d] = 4.1 Hz, 1H), 4.79-4.71 (m, 1H), 1.35
(d,J = 6.5 Hz, 3H).

4'-chloro 1-phenylethanollp): *H NMR (500 MHz, DMSO-g, ppm): § 7.34 (d,J = 1.0 Hz,
4H), 5.23 (dJ = 4.0 Hz, 1H), 4.75-4.69 (m, 1H), 1.30 (&= 6.5 Hz, 3H).

Diphenylmethanol 1c): *H NMR (500 MHz, DMSO-g, ppm): 6 7.38 (d,J = 7.5 Hz, 4H),
7.30 (t,J = 7.5 Hz, 4H), 7.21 (i} = 7.2 Hz, 2H), 5.88 (d] = 3.8 Hz, 1H), 5.71 (d] = 3.0 Hz,
1H).

1-(p-tolyl)ethanol {e): '"H NMR (500 MHz, DMSO-g, ppm): & 7.21 (d,J = 7.4 Hz, 2H),
7.10 (d,J = 7.3 Hz, 2H), 5.03 (d] = 3.1 Hz, 1H), 4.66 (s, 1H), 2.26 (s, 3H), 1.29J¢& 6.2
Hz, 3H).

Cyclohexanol 1g): '"H NMR (500 MHz, DMSO-g, ppm): 6 4.42 (d,J = 4.2 Hz, 1H), 3.44-
3.35 (m, 1H), 1.78-1.70 (m, 2H), 1.65 (dd= 9.0, 3.6 Hz, 2H), 1.51-1.43 (m, 1H), 1.25-1.08
(m, 5H).



2-adamantanolih): *H NMR (500 MHz, DMSO-¢, ppm): 6 4.56 (d,J = 2.8 Hz, 1H), 3.71
(s, 1H), 2.12 (dJ = 11.9 Hz, 2H), 1.84-1.75 (m, 6H), 1.69 & 14.1 Hz, 4H), 1.43 (d] =
11.9 Hz, 2H).

Phenyl(pyridin-2-yl)methanolj): *H NMR (500 MHz, DMSO-¢, ppm): § 8.42 (d,J = 4.1
Hz, 1H), 7.73 (tJ) = 7.6 Hz, 1H), 7.55 (d] = 7.8 Hz, 1H), 7.39 (d] = 7.7 Hz, 2H), 7.26 (]
= 7.5 Hz, 2H), 7.17 (1) = 6.6 Hz, 2H), 6.08 (d] = 4.0 Hz, 1H), 5.72 (d] = 7.2 Hz, 1H).

Benzylalcohol Za): *H NMR (500 MHz, DMSO-g, ppm): d 7.33 (d,J = 4.0 Hz, 4H), 7.22
(dd,J=15.9,12.1 Hz, 1H), 5.17 @=5.6 Hz, 1H), 4.51 (d] = 5.6 Hz, 2H).

4-methyl benzylalcohoR¢): *H NMR (500 MHz, DMSO-¢, ppm): & 7.18 (d,J = 7.7 Hz,
2H), 7.10 (dJ = 7.7 Hz, 2H), 5.09 (s, 1H), 4.44 (s, 2H), 2.253(4).

4-methoxy benzylalcoha?d): *H NMR (500 MHz, DMSO-¢, ppm): d 7.16 (d,J = 8.2 Hz,
2H), 6.81 (d,J = 8.2 Hz, 2H), 4.97 (s, 1H), 4.35 (s, 2H), 3.663(4).

Furfuyl alcohol @f) — Gram scale synthesifH NMR (500 MHz, DMSO-g, ppm) & 7.57
(dd,J = 1.8, 0.9 Hz, 1H), 6.40 (dd,= 3.2, 1.8 Hz, 1H), 6.30 (dd,= 3.2, 0.7 Hz, 1H), 4.43
(s, 2H).

Aniline @a): *H NMR (500 MHz, DMSO-g, ppm):J 7.04 (t,J = 7.7 Hz, 2H), 6.60 (d] = 8.3
Hz, 2H), 6.53 (tJ = 7.2 Hz, 1H), 4.99 (s, 2H).

3-nitroaniline @Bf): *H NMR (500 MHz, DMSO-¢, ppm): 6 7.39 (d,J = 1.7 Hz, 1H), 7.31
(dd,J = 8.1, 1.0 Hz, 1H), 7.26 (§,= 8.0 Hz, 1H), 6.99-6.92 (m, 1H), 5.81 (s, 2H).

4-amino acetophenon8i}; *H NMR (500 MHz, DMSO-g, ppm):& 7.67 (d,J = 8.7 Hz, 2H),
6.57 (d,J = 8.7 Hz, 2H), 6.02 (s, 2H), 2.39 (s, 3H).

Benzamide5a): 'H NMR (500 MHz, DMSO-¢, ppm): & 7.91 (s, 1H), 7.81 (d] = 7.6 Hz,
2H), 7.45 (tJ = 7.2 Hz, 1H), 7.38 (1] = 7.5 Hz, 2H), 7.30 (s, 1H).

4-chlorobenzamidesb): *H NMR (500 MHz, DMSO-g, ppm): & 7.87 (s, 1H), 7.58 (s, 1H),
7.48 (d,J=7.9 Hz, 1H), 7.42 (ddd,= 24.1, 11.1, 4.3 Hz, 3H).

3-isopropoxy-1H-indote'H NMR (500 MHz, DMSO-¢, ppm):§ 10.49 (s, 1H), 7.50 (d =
7.9 Hz, 1H), 7.34 (d) = 8.2 Hz, 1H), 7.12 (t) = 7.6 Hz, 1H), 6.99 (] = 7.4 Hz, 2H), 4.46-
4.32 (m, 1H), 1.37 (dJ = 6.1 Hz, 6H).**C NMR (126 MHz, DMSO-¢ ppm): § 137.92,
134.26, 121.82, 120.63, 118.26, 117.66, 111.96,28093.40, 22.61.



3. Results and discussion
3.1 Synthesis of the ligands and complexes

The pyridine based acylthiourea precursors werethegized as per our own
literature.[32] The ligands ¢tL3) were synthesized by reacting the correspondiegussors
with benzyl bromide and sodium hydride in dry THF0aC. The complexes [RuGH-p-
cymene)L]Cl were prepared from the reactions betwguCh(;°-p-cymene)} and L in
toluene Echeme ). All the ligands and complexes were stable inaaid soluble in CECN,
CHCl3, CH;OH, CH.CI;, C,HsOH, DMSO, DMF and DMAc.

-

O
CH:CH,B
XJ\ﬁj\E I\ otlsLH, br . )OL )\
~
N~ Dry THF, 0 °C X N 1;11 I\
3h N~

L,-L;

X @ @%v @ [RuCly(p-cymene)],

Toluene, 27-30 °C

Ligand L, L, L3 4-5h
Y
Complex 1 2 3
1
~ X
XONONTYY |
Cl/R\u/N Pz

Scheme 1 $nthesis of the pseudo-acylthiourea ligands anid Bgll) complexes

3.2 Characterization of the ligands and complexes



Electronic spectra of the ligandsf{L3) and their complexesl{3) showed intense
absorption bands in the ranges 252-273 and 29803 orresponding te—n* and n—-n*
transitions respectively. The forbidden—d transition was observed only at higher
concentration in the range 415-420 nm. FT-IR speatithe complexes were compared with
those of the free ligands. The carbonyl stretctieguency (1590-1603 ¢t of the free
ligands increased to 1648-1685 tmupon complexation. This was due to the disappearanc
of intramolecular hydrogen bonding between thioaend—-H and carbonyl oxygen during
complex formation, which was also confirmed by iiherease in the stretching frequency of
N-H on complexation from 3151-3181 to 3420-3484crfihis was owing to the amine-
imine tautomerism followed by hydrogen bonding wittmic chlorine present in the
complexes. Further, increase in the stretchingueeaqy of imine from 1509-1533 to 1607-
1610 cm® was observed on complexation. This explains thft shhydrogen atom from
thioamidic N to amidic N, and imine from amidic tilioamidic position. The decrease in
pyridyl C=N stretching frequency indicated that th&ogen in the pyridine ring coordinated
to Ru ion. These facts from the FT-IR analysesitiated the complex formation.

'H and®C NMR spectra of the ligands and complexes are shinwigs. S1-S12 In
theH NMR spectra of the ligands, the most deshieldeglet in the range 11.58-11.90 ppm
corresponded to MNH proton. The most shielded singlet in the rang&64..64 ppm
corresponded to benzyl GHrotons. A doublet in the range 4.68-4.71 ppmesponded to
pyridyl CH, protons. All other aromatic protons were obsernvethe region 7.09-8.63 ppm.
In the spectra of the complexes, a signal dueitathidic NH disappeared and newly formed
amidic NH was observed in the range 11.91-12.13.ppms confirmed the resonance of
proton between amidic and thioamidic nitrogen. Aullet observed for two equivalent
pyridyl CH, protons in the spectra of the ligands would becontedistinct doublets (4.87-
4.91 and 5.04-5.13 ppm) in the spectra of the cergd. This may be due to the bidentate
coordination of the ligands to Ru ion through thmdic imine nitrogen and pyridine
nitrogen. No significant change was observed in slgmals due to aromatic protons on
complexation. Generally, isopropyl methyl protonsesent in thep-cymene ring are
equivalent and would give a doublet (6 protons) miup-cymene complexes contain
monodentate acylthiourea ligand. But in the presasg, two doublets were seen at 1.07-1.16
ppm. These protons become inequivalent due to ithentate coordination of the modified
ligands. Here, one methyl is nearby the coordinggddine N and other methyl is away
from it. Further, 2D'H-'H COSY NMR spectrumHig. S13 revealed the interaction between
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protons of one methyl group and neighboring CHaptvhich also made them inequivalent.
In addition, aromatic protons @tcymene ring were observed at 5.48-5.71 ppm asletsub
The protons of methyl group directly attacheghtoymene ring showed a singlet at 2.15-2.17
ppm. The multiplet at 2.71-2.73 ppm was due torispyl CH proton in thg-cymene ring.

In the °C NMR spectra of the ligands, a peak in the range.59-176.22 ppm
corresponded to carbonyl carbon and a peak inatiger 167.59-173.06 ppm corresponded to
imine carbon. The peaks in the ranges 35.49-35m6148.80-48.88 ppm corresponded to
benzyl and pyridyl Chl carbons respectively. The aromatic carbons shgvezks in the
range 111.73-154.75 ppm. In the spectra of the t@mmp, amidic imine carbon signal
disappeared and newly formed thioamidic imine carbb@s observed in the range 155.00-
165.13 ppm. Due to the absence of neighbouringerginoup, carbonyl carbon was shielded
(159.89-168.65 ppm) in the complexes. The signal88298-39.13 and 64.11-64.26 ppm
corresponded to benzyl and pyridyl €earbons respectively. The significant increaste
chemical shift of pyridyl CH carbon was due to the coordination of pyridine N a
thioimidic N. The most shielded peaks corresponttedliphatic carbons in thp-cymene
ring. The aromatic carbons in thecymene ring were observed in the ranges 84.223&mé
101.42-106.47 ppm. All other aromatic carbons ef ctbmplexes were detected in the range
113.05-159.89 ppm. Throudhl and**C NMR studies, formation of the pseudo-acylthiourea
based Ru(llp-cymene complexes was confirmed, in which the kigaras coordinated to
Ru(ll) ionvia neutral bidentate fashion.

The calculated [M+H]mass of ligands 4. L, and ;3 (368.08310, 351.11197 and
363.13271) was exactly matching with the found m#368.08795, 351.11284 and
363.13234) Figs. S14S16. Similarly, the calculated mass of the complege8), [(7°>-p-
cymene)RuLCI] (638.06406, 622.08690 and 632.10y@4s accurately matching with the
found mass (638.06344, 622.08642 and 632.1080¢3.(S17-S19.
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Fig. 1 Molecular structure of 4 [Important bond lengths (A) and angled: (S(1)}C(1)
1.7558(14), N(C(1) 1.3255(16), N(HH(2) 0.88, N(2YC(9) 1.4481(17), N(BC(2)
1.3699(16), N(L)C(1) 1.3226(17), O(¥C(2) 1.2369(15), C(9C(10) 1.5091(18),
N(3)-C(10) 1.3297(17), O(XC(2)-N(1) 127.08(11), C(3N(1)-C(1) 118.81(11),
N(2)-C(1)-N(1) 126.77(11), N(BHC(1)>S(1) 118.42(10), N(2C(1)-S(1) 114.81(10),
N(2)-C(9)-C(10) 110.24(10), N(3)C(10)-C(9) 117.21(11)]. CCDC No. 1869570.
Molecular structures of the ligands;{Ls) and complex3 were confirmed by single
crystal XRD Figs. S2Q S21, 1 and?2). The ligand crystals were grown from the respecti
saturated ethyl acetate solution by slow evaparatechnique. Ligand i cystallized in
monoclinic fashion with space groupl2;/nl whereas ligands,Land L crystallized in
triclinic fashion with space group-1. Complex3 crystallized in monoclinic system with
space groupgPl2/nl. Crystal data and structure refinement parameiketbe ligands and
complex3 are given inTable S1 The intramolecular hydrogen bonding (1.961-2.330
between NH and carbonyl oxygen in the ligandss confirmed. This hydrogen bonding
disappeared and a new hydrogen bondingHNCIIIH,O) was seen in compleX While
comparing the bond lengths of &nd3, it was found that the bond length of thioamidieQN
decreased from 1.3255 to 1.287 A whereas that adliaN-C increased from 1.3226 to
1.398 A on complexation. This revealed amine-imiagtomerism of the ligand prior to
coordination. In compleg, the distance between Ru and centroig-cfymene was found to

be 1.681 A. RuC and RuCl bond lengths, and MRu—Cl bond angles were in accordance
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with the literature values.[37,38] Further, the tn@lubidentate coordination of the ligand to
Ru ion, and presence of ionic chlorine outside dberdination sphere were confirmed. In
addition, from the bond angles, the geometry of glemn 3 was found to be pseudo-

octahedral.

+OIS

Fig. 2 Molecular structure oB [Important bond lengths (&) and angley: (S(1)C(7)
1.753(2), N(2YC(7) 1.287(3), N(3)C(8) 1.393(3), N(3)H(3) 0.88, N(3yC(7) 1.398(3),
O(1)-C(8) 1.219(3), N(Ru(1l) 2.1003(18), N(2C(6) 1.475(3), C(6)C(1) 1.501(3),
N(1)-C(1) 1.349(3), N(BHRu(l) 2.008873(18), Ru(#Ll(1) 2.3930(5), Ru(1)X(24)
2.207(2), CI(2IIH(3) 2.32 N(2yRu(1)}N(1) 77.19(7), N(ZRu(1)-Cl(1) 87.82(5),
Cl(1)-Ru(1)-C(24) 107.03(6), C(6N(2)-Ru(1) 111.66(13), C(EN(1)-Ru(1) 116.61(14),
N(2)-C(6)-C(1) 108.06(17)]. CCDC No. 1869571.
3.3 Transfer hydrogenation (TH) reactions

The complexes1t3) were found to be excellent catalysts for the TiHalkdlehydes,
ketones and nitro compounds with 2-propanol asdgeain source and KOH as base. The
molar ratio of substrate, base and catalyst wasitaiaed as 1:1:0.001 for the purpose of
comparison of the catalytic activity of the psewythiourea Ru(ll)p-cymene complexes

(1-3) with that of corresponding previously reportedpratected acylthiourea Ru(lp-
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cymene complexes. In the absence of base, only@®@ersion was observed. When the
base amount was less than 1 mmol, significant dserén the conversion was notegg(
S22. The conversion was only 34 % in the absencéefcatalyst Kig. S23. Though no
variation was observed in the catalytic activitytbé three Ru(ll) complexed-@8), 1 was
chosen for scope extensiohaple SJ. The scope of TH was extended to various sulbstitu
ketones, aldehydes and nitro compounds. All thestsates showed an excellent conversion
and selectivity, which were analyzed by GC / GC-W#f)s. S24S57. Some of the catalytic
products were isolated and characterized'tl8yNMR spectra Figs. S58S72. The main
advantages of the present system are chemosetgal functional group tolerance. The
catalysts are chemoselective in the order aldebydéro > ketone > nitrile > alkene. The

electronic effect of the substituents in the swiss play a predominant role in TH.

3.4 Catalytic activity of the Ru(ll)-p-cymene coaxas containing bidentate pseudo-
acylthiourea ligandsi)

Generally, electron withdrawing substituents inseeahe electron deficiency at
carbonyl carbon, which leads to enhanced reactatey andvice versafor electron donating
groups. This catalytic system also followed the esdrand. Initially, the scope of substrates
was extended to ketoneBaple 1). Acetophenone took 10 h for the complete congersp
form 1-phenylethanoll@), whereas benzophenone took 16 h to yield 96 %%eoizhydrol
(0. This was due to the greater influence of steffect over —I effect of the phenyl ring
since the catalyst as well as benzophenone arey.blitks was further confirmed in the
formation of 1d, where the yield was only 74 % after 14 h. In tbase of 4-
chloroacetophenone, the time taken to yield 98 %espective alcohollp) was 13 h. The
dominating +R effect over —I effect of chloro sutsnt decreases the electron deficiency of
carbonyl carbon and hence it takes more time tlt@mtophenone. The time taken for the
conversion of the substrates with electron donagirgip to their respective alcoholse(@nd
1f) was still higher. The alicyclic systems like ayleéxanone and 2-adamantanone showed
good yields after 14 h1@ and 1h). This revealed the efficiency of the catalyticsteyn
towards TH of alicyclic ketones. In homogeneouslgats, the major drawback is the non-
compatibility of catalysts with heterocyclic sulades since there is a possibility for
poisoning the catalysts by the hetero atoms. Astmae time, heterocyclic compounds have
tremendous importance in various fields includirftapnaceuticals. The present catalytic
system possessed superb compatibility with hetetmcetones, which was evident from the

appreciable vyields of heterocyclic alcoholdi-Il). Among them, preparation of
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phenyl(pyridin-2-yl)methanol is a challenging or@onventionally, pyridine nitrogen was
protected and then the ketone was hydroboratedetd the respective alcohol followed by
deprotection. Hence, the direct TH of 2-benzoylgiyre to form its corresponding alcohol
has significant importance. Moreover, histamineaftagonists like bepotastine besilate and

carbinoxamine contain phenyl(pyridin-2-yl)methaasltheir basic core.[16,39-40]

Another very challenging reaction is the reductdmuinone to hydroquinone, which
involves aromatization of ring by two electron ®&r. The current catalytic system
produced excellent yield of hydroquinone within {1m). Hydroquinone has a wide variety
of applications such as reducing agent, cosmetts, Liu et al. reported Ir-catalyzed
reduction of quinone using NADH as hydrogen soumenimick the action of reductase.
This reaction favoured semiquinones rather thagdidguinones.[41] Pandet al. reported
the catalytic TH of quinone to yield hydroquinonging Pd/C as catalyst and ammonium
formate as hydrogen source.[42] Waeg al. reported the conversion of quinone to
hydroquinone using Pt/C as catalyst and cyclohexaras hydrogen source.[43] Compared
to the literature, yield and selectivity of hydragone were excellent in the present work.
Unfortunately, compleX failed to catalyze the hydrogenation of aliphatibstrateslh and
10).
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Table 1 Transfer hydrogenation of ketofies

93 %<, 9904

-

JOL [Ru] Catalyst OH
R™ R’ 2-propanol, KOH R/j\ R’
R =acyl/aryl 82°C
R'=alkyl / aryl
OH OH OH OH
@ @A 99
1a b Ic 1d
10 h, 99 %>, 13 h, 98 %, 16 h, 96 %", 14 h, 74 %),
93 %, 9904 91 %, 9809 91 %, 9609 7409
OH OH OH @01{
@ \OQA @
le 1f 1g 1h
18 h, 91 %", 16 h, 86 %P, 14 h, 99 %P, 14 h, 99 %",
9104 86014 95 %°, 9904 91 %°, 9904
OH OH OH OH
o O < 1)
\ S Pz x~_N 0]
1i 1j 1k 1
14h, 99 %P, 14 h, 99 %P, 14 h, 96 %", 15 h. 86 %P
9904 93 %, 9904 960¢ 860!
HO
Im 1n 1o
7h, 99 %", 12 h, 0 %", 12h, 0 %",

&1 mmol of substrate, 0.1 mol % catalgsn 4 mL of 2-propanol and 1 mmol of KOH were

used

PYield was analyzed by GCM3solated yield

4 Turn over number (TON) = No. of moles of produbtd. of moles of catalyst
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Table 2 Transfer hydrogenation of aldehyfes

©/\OH

2a
7 h, 99 %",
94 %°, 9904

~ OH
\_§
2e

12 h, 91 %P,
9104

12 h, 99 %",
9904

0]

M

R™ H
R =acyl/ aryl

[Ru] Catalyst

2-Propanol, KOH

82°C

o o
Cl
2b 2¢

10 h, 99 %",
9904

= OH
-
2f

12 h, 99 %P,
9904

O,N NC
2i 2j

4 h, 95 %P,
9504

12 h, 99 %P,
95 %°¢, 9904

/I OH

x~._N
2g

12 h, 88 %P,
8804

RJ\H

OH
~0

2d
14 h, 99 %",
90 %¢, 9904

o8
2h

14 h, 92 %",
9204

®1 mmol of substrate, 0.1 mol % catalg§snh 4 mL of 2-propanol and 1 mmol of KOH were

used

PYield was analyzed by GCM3solated yield
4 Turn over number (TON) = No. of moles of produbtd. of moles of catalyst
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Table 3Transfer hydrogenation of nitroarefies

41 mmol of substrate, 0.1 mol % catalgsn 4 mL of 2-propanol and 1 mmol of KOH were

used

[Ru] Catalyst
R-NO, ~ R-NH,
2-Propanol, KOH
R =aryl 82 °C
NH, NH, /©/NH2 NH,
@ I aQ

3a 3b 3¢ 3d
7 h, 99 %>, 14 h, 96 %", 14 h, 99 %", 16 h, 44 %,
89 %<, 9904 960¢ 90 %°, 9904 4401

@ o
NO, H,N

3e 3f 3g 3h

12 h, 97 %P, 12 h, 99 %P, 8 h, 99 %P, 10 h, 99 %P,
970¢ 94 %, 9904 95 %", 990¢ 93 %<, 9904
NH, NH, NH,
U W
NC
0

3i 3j 3k
8 h, 99 %", 4 h, 99 %", 4 h, 69 %P,
92 %:¢, 9904 9904 6904

PYield was analyzed by GCM3solated yield

4 Turn over number (TON) = No. of moles of produbtd. of moles of catalyst
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Table 4 Hydration of nitriles to amidés

Entry Substrates Products Isolated yield (%) TON
CN CONH,
5a @ @ 97 970

CN CONH,
" @ @ “ e
Cl Cl

&1 mmol of substrate, 0.1 mol % catalgsnh 4 mL of 2-propanol and 1 mmol of KOH were

used

®Turn over number (TON) = No. of moles of produblo. of moles of catalyst

The scope of TH was extended to aldehydeble 2) and the influence of electronic
effect was found to be similar to ketones. Good gaitmility of the catalyst was observed
with heterocyclic aldehydes. Among them, conversibfurfural to furfuryl alcohol 2f) was
significant due to its importance in bio-fuel syedis and green chemistry. Many
homogeneous and heterogeneous catalysts were arstdtefselective synthesis of furfuryl
alcohol from furfural.[44—48] But in most of theses, the selectivity was poor even at very
high temperature. But the present catalytic sysexcelled in the selective synthesis of
furfuryl alcohol. Puthiarajet al. reported Pd nanoparticles supported on nitrogen
functionalized carbon as an active catalyst fordhlective TH of furfural to furfuryl alcohol
using 2-butanol as hydrogen source an@Bu as base.[49] PanagiotopouleiLal. reported
Lewis acid catalyzed selective TH reaction of dwaf to form furfuryl alcohol at 180C in 3
h. The synergistic effect of Ru/C and Lewis acid te an increased furfural conversion to
methyl furan.[50] Menget al. reported heterogeneous Ni catalyst supported isrdrmetal
oxides (MMO) for the selective hydrogenation offtmal, where the selectivity was switched
by changing the MMO.[51] Remarkably, 4-nitrobenzedigde and 4-formylbenzonitrile were
selectively reduced to their respective alcotlgnd 2j) without affecting nitro or cyano

group in basic mediunt(g. 3).

Usually, nitroarenes are reduced using d¢&s or reducing agents in presence of
heterogeneous catalyst. The reports on this remluaising homogeneous catalyst were

limited. Moreover, TH of nitroarenes is difficulbmpared to that of carbonyl compounds.
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So, there is a need for the design of functiondliz®lecular architectures for nitro reduction
with high chemoselectivity by tolerating diverseagr of functional moieties.[11,52-54]
Hohlochet al. reported Ru(ll) catalysts containing click baseazoles and carbene ligands
for the TH of nitrobenzene. By tuning the catalyatsl reaction conditions, selectivity of the
TH product was controlled. The significance of figavariation on the product selectivity
was clearly explained.[55] Jiat al. reported the phenolate-oxazoline ligand baseé hal
sandwich Ru(ll) catalyst for the TH of nitroarenesng 2-propanol as hydrogen donor and
KOH as initiator.[56] The present catalytic systesorked well for the TH of nitroarenes too
(Table 3). The complete conversion of nitrobenzene to a@il3a) took only 7 h. The
present catalyst was compatible with nitroarenestaining electron donating or electron
withdrawing substituent. Mostly, molecular catatysh basic medium is challenging for
halogenated nitroarenes since dehalogenated amiadsrmed as a major product. But, no
such dehalogenated amines were observed whengtdtalias used3c and3d). Except3d
and 3k, all other amines were formed in excellent yiekdwl selectivities. Notably, 1,3-
dinitrobenzene, 2-nitrobenzonitrile and nitroacé@mone were reduced to 3-nitroaniline, 2-
aminobenzonitrile and aminoacetophenone respegtwigh complete selectivity3f, 3h-3j).
But, 4-nitrobenzonitrile to 4-aminobenzontrile hadoderate selectivity due to the
substitution of amine by acetoxy grouBk) (Fig. 3). The present catalyst was inactive
towards TH of alkene, which was evident fr@in. To understand this further, styrene was
tested, and no reaction was observed. This paweddly for the selective TH of unsaturated
carbonyl compounds and nitroarenes. The catalyst also effective for the hydration of
nitriles to give amidesT(@ble 4). Thus, the current catalytic system was compattith a
broad range of substrates (39 examples) includetgries, aldehydes, nitroarenes, nitriles
and alkenes. Further, the homogeneity of the csttalyas tested by mercury drop test. No
significant loss in the conversion was observedjciwhconfirmed the absence of Ru

nanoparticles, and the catalytic pathway was theijpnogeneousg. S73.[33]
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Fig. 3 Selectivity profile for challenging (a) aldehydexigb) nitroarenes
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o [Ru] Catalyst OH
(\)A (12mol%) N
\ o H 2-propanol (36 mL) \ 0] H
KOH (6 mmol)

12 mmol $5°C, 12 h Isolated yield 95%

J

Scheme ZGram scale synthesis of furfuryl alcohol from fugl

Most of the catalysis is compatible only in thealer scale but scale up to larger
extent is highly needed for industrial applicatioHence, we tested the gram scale synthesis
of 2-furfuryl alcohol under the optimized condit®Scheme 2 The complete conversion
with absolute selectivity was achieved. The produas analyzed by GC and confirmed by
'H NMR (Figs. S74andS75. Thus, the present catalytic system is compatiblarger scale,

which paved the way for its industrial application.

3.5 Comparison of the catalysts containing bideadaeudo-acylthiourea or monodendate
acylthiourea ligand

In our previously reported catalysts, the acyltnga (unprotected) ligands
coordinated to Ru iorvia neutral sulphur atom (monodentate). In additiomp tlabile
chlorine ligands an@-cymene were present. The catalysts adopted hadfvgah piano stool
structure with pseudo-octahedral geometry. Thelysttahave sufficient space to interact
with the substrates due to the presence of twaelabilorine ligands.[34] Now, sulphur was
protected by benzyl group, which led to the N, Miemtate coordination of the ligands to Ru
ion. Hence, only one chlorine ligand was preseah@lwith p-cymene around Ru(ll) ion.
This favoured single active site on Ru ion, whickeaunted selective and effective catalysis
(Fig. 4). Overall, the present catalytic system was edfitiand exhibited enhanced reaction

rate compared to the previously reported catagytgtem.[33]

The complete conversion of acetophenone to 1-pagranol happened in 10 h in
presence of catalyst, whereas analogous catalyst containing monoderateyéthiourea
ligand (L) required 14 h. The same reaction was carriedfautlO h usingl’ and the
conversion was found to be 88 % only. Similarly,npnaubstrates have enhanced their
reactivity with catalystl. Notably, the complete conversion of benzaldehj@denzyl
alcohol, and nitrobenzene to aniline took only 7 Batalystl’ was not effective in the
selective conversion of nitrobenzene to anilineercafter 16 h, it yielded only 46 % of

aniline, and remaining were the intermediates azeryene and azobenzene. But in the case
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of bulkier substrate benzophenone or non-planarsteaties like adamantanone and
cyclohexanone, the reaction rate was not enhafded.may be due to the steric hindrance
between catalyst and the incoming substrate. Interestingly, chemecsigity was altered by
tuning the ligand. The chemoselectivity order eibib by catalysii’ was nitro > aldehyde >
ketone > alkene, whereas for catalysit was aldehyde > nitro > ketone > nitrile > alke
To give an example, TH reaction of 4-nitrobenzajdihyielded 4-aminobenzaldehyde with
catalystl’ whereas 4’-nitro(1-phenylethanol) was formed va#ttalystl. This may be due to
the presence of many lone pair of electrons onnitv@ group, which made it sterically
hindered to interact with the Ru center of catalysince the latter was already bulky and had

narrow catalytic site.

Ru X ! 1l1 uo? \
| N | a

Monodentate catalyst (1') Bidentate catalyst (1)
(Previous work) (Present work)

Fig. 4 Molecular structures of our previous and presetalygsts

3.6 Synthesis of 3-isopropoxy-1H-indole

2’-nitrocinnamaldehyde was used to check the clsehectivity among nitro,
alkene and aldehyde groups under optimized comditi®urprisingly, the product obtained
was 3-isopropoxy-1H-indoléScheme 3. The product was characterized’byand**C NMR
(Figs. S76andS77 and GC-MS techniques. From the literature suritewas realized that
this was the first synthetic route to prepare 3iepoxy-1H-indole from 2-
nitrocinnamladehyde. Marchettt al. reported the synthesis of indole derivatives frdm
nitrocinamaldehyde by hydroformylation route usiggseous CO and ,H57] Indole
derivatives have tremendous applications in phaemazals. This 3-isopropoxy-1H-indole

may be a useful intermediate for the preparatioimadle based drug molecules. The reaction
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mechanism was expected to be similar to Baeyer-Efimgendole synthesis. The suggested
reaction mechanism followed intramolecular hydrodmsrrowing strategy followed by
cyclization along with the nucleophilic attack c&fopropoxide to yield 3-isopropoxy-1H-
indole Fig. S78.

o [Ru] Catalyst O/<

@(\)LH (0.1 mol%) @E\g
NO, KOH (0.5 mmol) E

2-propanol (4 mL)
82°C,18h

Scheme 3Synthesis of 3-isopropoxy-1H-indole from 2-nitratamaldehyde

4. Conclusions

The objective of the work was to tune the chemasi®iey and reaction rate by
engineering the ligand in the catalyst. Hence, puevious Ru(ll)p-cymene -catalyst
containing monodentate acylthiourea ligand was dume protecting S atom of the ligand.
This made bidentate coordination of resulting pseacllthiourea feasible with ruthenium
ion. Thus, the first Ru(llp-cymene complexes containing pseudo-acylthioumggant were
synthesized and characterized by spectral techsidqliee molecular structures of all the
ligands and comple® were confirmed by single crystal XRD technique. Tberdination of
the ligands to Ru iomia N, N’ neutral bidentate fashion and the pseudametiral geometry
were proved. The complexes were used as pre-ctalyswards TH reaction of carbonyl
compounds and nitroarenes using 2-propanol as ggdrdonor and KOH as base. The scope
of TH reaction was extended to a broad range ostsates including different ketones,
aldehydes and nitroarenes using catalys@The efficiency of the present catalyst in TH
reaction was compared with that of previously régubrcatalyst containing monodentate
acylthiourea ligand. The current catalytic systdmveed enhanced reaction rate compared to
the previous one. The previous catalytic systenwsklochemoselectivity towards the nitro
group in presence of carbonyl. After tuning theid, the current catalytic system showed
chemoselectivity in the order aldehyde > nitro >oke. Thus, the catalysts with the
monodentate ligands can be used for the chemoseletH of nitroarenes even in the
presence of carbonyl group and alkene, whereasatiadysts 1-3) with the bidentate ligands
can be used for the chemoselective TH of aldehgdes in the presence of ketone, nitro
group and alkene. Remarkably, the first and noyethetic route for the synthesis of 3-
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isopropoxy-1H-indole from 2-nitrocinnamaldehydeaported. The scope of this new one pot

reaction will be extended in future.
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Highlights

v A new series of Ru(ll)-p-cymene complexes containing picolyl based pseudo-

acylthiourealigands was synthesized and characterized

v" The molecular structure of the ligands and one of the complexes was confirmed by XRD
technique

v" The chemoselectivity and reactivity of transfer hydrogenation reaction was atered by
tuning the acylthiourea ligands in the Ru(Il) catalyst

v' The catayst was compatible with broad range of substrates which include many
heterocycles, and gram-scale synthesis was al so achieved for the bio-fuel

v One pot synthesis of 3-isopropoxy indole from 2-nitrocinnamal dehyde was achieved via

anew synthetic route
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