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a b s t r a c t 

Few half-sandwich ( η6 - p- cymene) ruthenium(II) complexes supported by benzothiazole hydra- 

zone Schiff bases were synthesized. The new complexes possess the general formulae [Ru( η6 - 

p- cymene)(L)Cl] ( 1 - 3 ) (L = salicyl((2-(benzothiazol-2-yl)hydrazono)methylphenol) (SAL-HBT), 2-((2- 

(benzothiazol-2-yl)hydrazono)methyl)-6 methoxyphenol) (VAN-HBT) or naphtyl-2-((2-(benzothiazol-2- 

yl)hydrazono)methyl phenol) (NAP-HBT). All compounds were fully studied by analytical, spectroscopic 

techniques (IR, NMR) and also by mass spectrometry. The solid state structure of the complex 3 reveals 

the coordination of p- cymene moieties with ruthenium(II) in a three-legged piano-stool geometry along 

with benzothiazole hydrazone Schiff base ligand in a monobasic bidentate fashion. The catalytic proper- 

ties of the complexes were screened in transamidation of primary amide with amines after optimization 

with respect to solvent, substituents, time and catalyst loading. The results show that the complex 3 is 

the most efficient catalyst for the transamidation of carboxamides with amines. 

© 2020 Elsevier B.V. All rights reserved. 
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. Introduction 

Amide functional groups present in numerous compounds rang- 

ng from biologically active natural products to pharmaceuticals 

1] . Some examples of these include lipitor (atorvastatin), fentanyl 

naesthetic, metolachlor, capsaicin and nylon. They are also found 

ithin biological systems as the peptide bonds in proteins render- 

ng them essential for life. As a result, several methods have been 

stablished for the synthesis of amides [2-6] including reactions 

f carboxylic acid derivatives (other than amides) with amines or 

mmonia [7] , hydration of nitriles [5] and reaction of amines with 

ldehydes or alcohols [8] in addition to some recognized name re- 

ctions [9] . All of these methods possess their own merits along 

ith certain shortcomings including utilization of stoichiometric 

mount of activating reagents, long reaction times, harsh reac- 

ion conditions, limited substrate scopes and formation of signif- 

cant amount of chemical waste. In the search of cost-effective and 

ore atom economical protocol, one of the methods employed to 

ynthesis amide was transamidation, catalyzed by homogeneous 

ransition metal catalysts. Stahl [10] , Williams [11] , Beller [12] and 
∗ Corresponding author. 
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ther groups [13] reported elegant methods for transamidation by 

mploying homogeneous transition metal catalytic systems. Among 

he homogeneous metal catalysts, Ru compounds emerged out to 

e the most promising candidate. In the past decade, many re- 

earchers utilized ruthenium metal catalysts for transmidation re- 

ction including our own group [14] . Despite good results and ad- 

ances were achieved in the previous reports, still it is interesting 

o synthesis new homogeneous catalysts with better catalytic ac- 

ivity. 

In recent years, cyclometalated organometallic ruthenacycles 

ourish as an active class of catalysts. The aromatic π-ligand stabi- 

izes and protects the metal centre from rapid oxidation [15] . These 

u(II) arene complexes display a three-legged piano stool structure 

reates the possibility of introducing different types of ligands into 

he octahedral metal centre [16] and also successfully utilized as 

etter catalysts for several catalytic reactions such as C −H bond ac- 

ivation, hydrogenation reactions of unsaturated bonds of carbonyl, 

lkene and imines bonds, oxidative Heck reactions, oxidative C–C 

oupling and C −N coupling (amidation and hydroamination) [17- 

2] . The results of the above reactions show that varying the com- 

lex framework through modification of the arene ( η6 R-arene) and 

he other auxiliary ligands is crucial for tuning chemical reactivity. 

n this context, many different supporting auxiliary ligands have 

https://doi.org/10.1016/j.jorganchem.2020.121555
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jorganchem
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jorganchem.2020.121555&domain=pdf
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Scheme 1. Schematic representation for the synthesis ( η6 - p -cymene)ruthenium(II) complexes (1-3) 
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een used in combination with the Ru(II) arene scaffold to provide 

ifferent reactivity profiles. The recent reports show that benzoth- 

azole hydrazones attract considerable attention as versatile ligands 

ince they possess both hard and soft donor atoms (e.g. NS or XNS, 

 = N, O, and S) in their skeleton [23] . 

Based on the above facts and continuation of our research 

n the synthesis, characterization and catalytic applications of 

ransition metal based catalyst, we here in describe synthesis of 

hree half-sandwich ( η6 - p -cymene)ruthenium(II) complexes bear- 

ng benzothiazole hydrazone Schiff base ligand with different 

ingtip substituent in the benzene ring. The new complexes were 

haracterized by analytical, spectroscopic techniques (IR, NMR), 

ass spectrometry and single crystal XRD. The synthesized com- 

lexes were used as catalysts in the transamidation of primary 

mide with amines. The effects of solvent, substituents, time and 

atalyst loading on the catalytic activity were also investigated. 

. Experimental 

.1. General strategy 

Commonly available RuCl 3 .3H 2 O was used as supplied from 

igma Aldrich. All chemicals and solvents were acquired from 

erck or Aldrich. Thin-layer chromatography (Merck 1.05554 alu- 

inum sheets precoated with silica gel 60 F254) was used for re- 

ction observance and the spots were visualized with UV light at 

54 nm or under iodine. Column chromatography refinement was 

one for the complexes using silica gel (20 0–40 0 mesh). Melt- 

ng points were checked in open capillary tubes on a Technico 

icro heating table and are uncorrected. Infrared spectra of the 

ompounds were obtained in the range of 40 0 0–40 0 cm 

−1 using 

ruker alpha FT-IR spectrophotometer in ATR mode. 1 H (400 MHz) 

nd 

13 C (75.47 MHz) NMR spectra were recorded in CDCl 3 at room 

emperature with a Bruker AV400 instrument using internal stan- 

ard tetramethylsilane. Quadrupole time-of-flight Micro Analyzer 

Shimadzu) mass spectrometry was used to measure electrospray 

onization mass spectra (ESI) of compounds at SAIF, Panjab Univer- 

ity, Chandigarh. Elemental analysis (C, H, N and S) were done on 
2 
 Vario EL III elemental analyzer. The ligands and metal precursor 

Ru( η6 - p -cymene)Cl 2 ] 2 were prepared according to the previously 

ublished procedures [ 24 , 25 ]. 

.2. Synthesis of ligands 

The following common procedure were used to synthesis all lig- 

nds. Typically, an ethanol (20 mL) solution of aldehyde (1 mmol) 

as added with 2-hydrazino benzothiazole (1 mmol) and the re- 

ulting mixture was stirred at room temperature for 5 h. The com- 

letion of the reaction was checked by Thin Layer Chromatography 

TLC) and then the formed precipitate was filtered, washed using 

iethyl ether and air dried. 

.2.1. Synthesis of 

E)-2-((2-(benzo[d]thiazol-2-yl)hydrazineylidene)methyl)phenol 

SAL-HBT) 

The reaction of salicylaldehyde and 2-hydrazino benzothiazole 

as carried out for the synthesis of the ligand SAL-HBT. Yield: 88%; 

olor: White; M.p. 243 °C. Anal. Calcd for C 14 H 11 ON 3 S: C, 62.43;

, 4.12; N, 15.60; S, 11.91%. Found: C, 62.56; H, 4.23; N, 15.79; S, 

2.03%. IR (ATR, cm 

−1 ): 3352 (br, νOH ); 3123 (w, νNH ), 1573 + 1467 

s, νC = N + νC −N ), 747 (s, νC-S ). 
1 H NMR (400 MHz, CDCl 3 , ppm): 

0.86 (s, 1H, OH), 8.38 (s, 1H, −CH = N), 7.59 −6.89 (m, 4H, Ar H),

.25 (s, 1H, NH). 13 C NMR (75.47 MHz, CDCl 3 , ppm): 167.11 (S- 

 = N), 148.74 (C = N), 133.60 (Ar-C), 131.35 (Ar-C), 126.70 (Ar-C), 

24.13 (Ar-C), 122.47 (Ar-C), 121.80 (Ar-C), 119.84 (Ar-C), 116.51 (Ar- 

). ESI mass (m/z) calcd. for C 14 H 11 N 3 OS, 269.32; Found, 270.41 

M + H] + . 

.2.2. Synthesis of (E)-2-((2-(benzo[d]thiazol-2- 

l)hydrazineylidene)methyl)-6-methoxyphenol 

VAN-HBT) 

The reaction of o -vanillin and 2-hydrazino benzothiazole was 

arried out for the synthesis of the ligand VAN-HBT. Yield: 87%; 

olor: White; M.p. 210 °C. Anal. Calcd. for C 15 H 13 O 2 N 3 S: C, 60.18;

, 4.38; N, 14.04; S, 10.71%. Found: C, 60.27; H, 4.54; N, 14.16; S, 

0.83. IR (ATR, cm 

−1 ): 3574(br, νOH ), 3145 (w, νNH ), 1609 + 1469(s, 

C = N + νC −N ), 773 (s, νC-S ). 
1 H NMR (400 MHz, CDCl 3 , ppm): 11.04 



S. Vijayapritha and P. Viswanathamurthi Journal of Organometallic Chemistry 929 (2020) 121555 

Fig. 1. Perspective view (50 % probability ellipsoids) of complex 3 . 

Table 1 

Crystal data and structure refinement parameters for complex 3 . 

Parameter Complex 3 

CCDC Number 1981468 

Empirical formula C 28 H 26 ClN 3 ORuS 

Formula weight 589.10 

Temperature 296(2) K 

Wavelength 0.71073 Å 

Crystal system Hexagonal 

Space group P- 61 

Unit cell dimensions 

a 17.5528(6) Å 

b 17.5528(6) Å 

c 16.2430(5) Å 

α 90 °
β 90 °
γ 120 °

Volume 4334.0(3) Å3 

Z 6 

Density (calculated) 1.354 Mg/m3 

Absorption coefficient 0.731 mm-1 

F(000) 1800 

Crystal size 0.240 ×0.170 ×0.090 mm3 

Theta range for data collection 1.340 to 29.002 °. 
Index ranges -23 < = h < = 17, 

-23 < = k < = 23, 

-21 < = l < = 22 

Reflections collected 27919 

Independent reflections 7665 [R(int) = 0.0451] 

Completeness to theta = 25.242 ° 99.8 % 

Absorption correction None 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 7632 / 1 / 310 

Goodness-of-fit on F2 1.144 

Final R indices [I > 2 sigma(I) R1 = 0.0487, wR2 = 0.1143 

R indices (all data) R1 = 0.0846, wR2 = 0.1400 

Absolute structure parameter 0.002(16) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.844 and -0.605 e. ̊A-3 
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Table 2 

Selected bond length [ ̊A] and bond angle [ °] for complex 3 . 

Bond length ( ̊A) Bond angle ( °) 

Ru(1)-N(3) 2.096(6) N(3)-Ru(1)-N(1) 76.1(2) 

Ru(1)-N(1) 2.105(6) N(3)-Ru(1)-Cl(1) 87.77(19) 

Ru(1)-Cl(1) 2.391(2) N(1)-Ru(1)-Cl(1) 85.06(19) 

Ru(1)-C(20) 2.239(8) N(2)-N(1)-Ru(1) 116.0(5) 

Ru(1)-C(21) 2.205(7) N(3)-Ru(1)-C(24) 139.9(5) 

Ru(1)-C(22) 2.171(9) N(1)-Ru(1)-C(24) 92.5(3) 

Ru(1)-C(23) 2.206(10) N(3)-Ru(1)-C(22) 93.3(3) 

Ru(1)-C(24) 2.143(9) N(1)-Ru(1)-C(22) 134.7(4) 

Ru(1)-C(25) 2.171(9) C(24)-Ru(1)-C(22) 67.6(4) 

N(3)-C(12) 1.300(10) C(12)-N(2)-N(1) 109.9(6) 

N(2)-C(12) 1.344(11) C(13)-N(3)-Ru(1) 136.2(5) 
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s, 1H, OH), 8.39 (s, 1H, −CH = N), 7.51 −6.84 (m, 7H, Ar H), 4.51 (s,

H, NH), 3.93 (s, 3H, −OCH 3 ). 
13 C NMR (75.47 MHz, CDCl 3 , ppm):

67.12 (S-C = N), 153.34 (Ar-C), 151.01 (Ar-C), 148.42 (Ar-C), 146.78 

C = N), 126.37 (Ar-C), 125.11 (Ar-C), 124.12 (Ar-C), 122.05 (Ar-C), 

20.83 (Ar-C), 119.46 (Ar-C), 117.50 (Ar-C), 56.35 (Ar-C). ESI mass 

m/z) calcd. for C 15 H 13 N 3 O 2 S, 299.35; Found, 300.38 [M + H] + . 

.2.3. Synthesis of (E)-1-((2-(benzo[d]thiazol-2- 

l)hydrazineylidene)methyl)naphthalen-2-ol 

NAP-HBT) 

The reaction of 2-hydroxy-1-naphthaldehyde and 2-hydrazino 

enzothiazole was carried out for the synthesis of the ligand 

AP-HBT. Yield: 84%; Color: Yellow; M.p. 230 °C. Anal. Calcd for 

 H ON S: C, 67.69; H, 4.10; N, 13.16; S, 10.04%. Found: C, 67.81;
18 13 3 

3 
, 4.26; N, 13.29; S, 10.19%. IR (ATR, cm 

−1 ): 3630 (br, νOH ), 30 6 6

w, νNH ), 1582 + 1471 (s, νC = N + νC −N ), 774 (s, νC-S ). 
1 H NMR 

400 MHz, CDCl 3 , ppm): 10.65 (s, 1H, OH), 8.10 (s, 1H, −CH = N),

.96 −7.22 (m, 10H, Ar H), 4.35 (s, 1H, NH). 13 C NMR (75.47 

Hz, CDCl 3 , ppm): 168.46 (S-C = N), 156.27 (Ar-C), 148.44 (Ar-C), 

42.49 (C = N), 132.63 (Ar-C), 129.28 (Ar-C), 128.52 (Ar-C), 128.15 

Ar-C), 126.03 (Ar-C), 125.85 (Ar-C), 123.95 (Ar-C), 122.13 (Ar-C), 

21.12 (Ar-C), 108.61 (Ar-C), 105.68 (Ar-C). ESI mass (m/z) calcd. for 

 18 H 13 N 3 OS, 319.38; Found, 320.39 [M + H] + . 

.3. Synthesis of new ruthenium complexes 

All the complexes were synthesized by following general proce- 

ure. The precursor [Ru( η6 - p -cymene)Cl 2 ] 2 (0.1 mmol) was treated 

ith corresponding ligand (0.1 mmol) in ethanol (20 mL) for 24 h 

nder reflux. During the course of the reaction, the color changed 

o orange. After completion of the reaction, a rotary evaporator 

as used to remove the solvent and the resulting crude product 

as dissolved in chloroform and then petroleum ether was added. 

he suspension was filtered and the orange solid was thoroughly 

ashed with cold ethanol and diethyl ether. 

.3.1. Synthesis of [Ru( η6 -p-cymene)(SAL-HBT)Cl] ( 1 ) 

The ligand SAL-HBT was reacted with [Ru( η6 - p -cymene)Cl 2 ] 2 
or the synthesis of complex 1 . Yield: 74%; Color: Orange; M.p. 

75 °C. Anal. Calcd. for C 25 H 27 ON 3 RuSCl: C, 54.19; H, 4.91; N, 7.58

, 5.79%. Found: C, 54.35; H, 5.08; N, 7.69; S, 5.92 %. IR (ATR, 

m 

−1 ): 3349 (br, νOH ), 1569 + 1461 (m, νC = N + νC −N ), 756 (s, 

C-S ). 
1 H NMR (400 MHz, CDCl 3 , ppm): 11.02 (s, 1H, OH), 8.53 

s, 1H, −CH = N), 8.13-7.69 (m, 2H, Ar H), 7.51-6.97 (m, 6H, Ar H),

.59 (d, J = 8 Hz, 1H, CH), 5.49 (d, J = 4 Hz, 1H, CH), 5.41 (d,

 = 4 Hz, 1H, CH), 5.35 (d, J = 4 Hz, 1H, CH), 2.53 (s, 3H, CH 3 ),

.39 (sep, 1H, CH), 1.08 (d, J = 4 Hz, 3H, CH 3 ), 0.92 (d, J = 4 Hz,

H, CH 3 ). 
13 C NMR (75.47 MHz, CDCl 3 , ppm): 162.53 (C = N), 161.24

S-C = N), 160.26 (Ar-C),147.33 (Ar-C), 146.87 (Ar-C), 136.29 (Ar-C), 

33.60 (Ar-C), 131.78 (Ar-C), 129.69 (Ar-C), 128.01 (Ar-C), 127.42 

Ar-C), 124.22 (Ar-C), 122.92 (Ar-C), 121.07 (Ar-C), 119.37 (Ar-C), 

17.67 (Ar-C), 117.07 (Ar-C), 35.07 (CH), 22.87 (CH 3 ), 22.19 (CH 3 ), 

1.57 (CH 3 ). ESI mass (m/z) calcd. for C 15 H 13 N 3 O 2 S, 539.06; Found,

40.04 [M + H] + . 

.3.2. Synthesis of [Ru( η6 -p-cymene)(VAN-HBT)Cl] ( 2 ) 

The ligand VAN-HBT was reacted with [Ru( η6 - p -cymene)Cl 2 ] 2 
or the synthesis of complex 2 . Yield: 76%; Color: Orange; M.p. 155 

C. Anal. Calcd. for C 26 H 29 O 2 N 3 RuSCl: C, 53.46; H, 5.00; N, 7.19;

, 5.49 %. Found: C, 53.62; H, 5.11; N, 7.33; S, 5.61 %. IR (ATR,

m 

−1 ): 3635 (br, νOH ); 1598 + 1460 (m, νC = N + νC −N ); 760 (s, 

C-S ). 
1 H NMR (400 MHz, CDCl 3 , ppm): 11.73 (s, 1H, OH), 8.05 (s, 

H, −CH = N), 7.89-6.86 (m, 7H, Ar H), 5.48 (d, J = 8 Hz, 2H, CH),

.35 (d, J = 4 Hz, 2H, CH), 3.96 (s, 3H, OCH 3 ), 2.62 (s, 3H, CH 3 ),

.39 (Sep, 1H, CH), 1.29 (d, J = 8 Hz, 3H, CH ), 1.13 (d, J = 4 Hz,
3 
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Table 3 

Evaluation of conditions for the model reaction using complex 3 a . 

Entry Catalyst (mol %) Solvent Temp ( 0 C) Time (h) Yield (%) b 

1 0.1 1,4 dioxane 100 24 52 

2 0.25 1,4 dioxane 100 8 64 

3 0.5 1,4 dioxane 100 8 93 

4 1.0 1,4 dioxane 100 24 96 

5 c 0.5 1,4 dioxane rt 24 n.r 

6 0.5 Acetonitrile 100 24 54 

7 0.5 DMF 110 24 9 

8 0.5 DMSO 110 24 18 

9 0.5 Chlorobenzene 110 24 29 

10 0.5 i PrOH 100 24 51 

11 0.5 1-Pentanol 110 24 n.r 

12 0.5 p -Xylene 110 24 73 

13 0.5 Ethanol 100 24 38 

14 0.5 Water 100 24 26 

15 d 0.5 - 100 24 n.r 

16 e - 1,4 dioxane 100 24 n.r 

a Reaction conditions: Acetamide (5 mmol), benzyl amine (5 mmol), catalyst 3 in 5 mL of 1,4 dioxane. 
b Yields were calculated after isolation of the amide product through column chromatography using silica gel 

(20 0-40 0 mesh). 
c Room temperature; n.r: no reaction. 
d Without solvent. 
e Without catalyst. 

Table 4 

Selection of catalyst for transamidation reaction. a 

Entry Catalyst Amount of catalyst (mol %) Time (h) Yield (%) b 

1 1 0.5 8 78 

2 2 0.5 8 84 

3 3 0.5 8 93 

a Reaction conditions: Acetamide (5 mmol), benzyl amine (5 mmol), catalyst (0.5 mol %) in 5 mL of 1,4 dioxane, 

reflux at 100 °C. 
b Yields were calculated after isolation of the amide product through column chromatography using silica gel 

(20 0-40 0 mesh). 
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H, CH 3 ). 
13 C NMR (75.47 MHz, CDCl 3 , ppm): 162.51 (C = N), 161.12

S-C = N), 151.70 (Ar-C), 147.70 (Ar-C), 147.21 (Ar-C), 146.52 (Ar-C), 

36.92 (Ar-C), 131.95 (Ar-C), 129.69 (Ar-C), 127.34 (Ar-C), 125.41 

Ar-C), 124.05 (Ar-C), 123.56 (Ar-C), 122.98 (Ar-C), 119.72 (Ar-C), 

17.60 (Ar-C), 114.41 (Ar-C), 56.35 (OCH 3 ), 30.7 (CH), 23.19 (CH 3 ), 

2.57 (CH 3 ), 21.58 (CH 3 ). ESI mass (m/z) calcd. for C 15 H 13 N 3 O 2 S,

69.09; Found, 570.05 [M + H] + . 

.3.3. Synthesis of [Ru( η6 -p-cymene)(NAP-HBT)Cl] ( 3 ) 

The ligand NAP-HBT was reacted with [Ru( η6 - p -cymene)Cl 2 ] 2 
or the synthesis of complex 3 . Yield: 71%; Color: Orange; M.p. 

62 °C. Anal. Calcd for C 29 H 29 ON 3 RuSCl: C, 57.65; H, 4.84; N, 6.96;

, 5.31 %. Found: C, 57.77; H, 4.94; N, 7.09; S, 5.47 %. IR (ATR,

m 

−1 ): 3622 (br, νOH ), 1585 + 1480 (m, νC = N + νC −N ), 780 (s, 

C-S ). 
1 H NMR (400 MHz, CDCl 3 , ppm): 10.95 (s, 1H, OH), 8.73 (s,

H, −CH = N), 7.94-7.15 (m, 10H, Ar H), 5.72 (d, J = 4 Hz, 1H, CH),

.68 (d, J = 8 Hz, 1H, CH), 5.48 (d, J = 4 Hz, 1H, CH), 5.34 (d, J = 8

z, 1H, CH), 2.69 (s, 3H, CH 3 ), 2.41 (Sep, 1H, CH), 1.02 (d, J = 4

z, 3H, CH 3 ), 1.19 (d, J = 8 Hz, 3H, CH 3 ). 
13 C NMR (75.47 MHz,

DCl 3 , ppm): 164.47 (C = N), 163.56 (S-C = N), 156.94 (Ar-C), 148.24

Ar-C), 145.77 (Ar-C), 137.71 (Ar-C), 134.91 (Ar-C), 131.32 (Ar-C), 
4 
28.85 (Ar-C), 8.68 (Ar-C),127.86 (Ar-C), 127.70 (Ar-C), 126.88 (Ar- 

), 124.75 (Ar-C), 123.88 (Ar-C), 120.14 (Ar-C), 116.67 (Ar-C), 30.78 

CH), 22.57 (CH 3 ), 21.90 (CH 3 ), 21.22 (CH 3 ). ESI mass (m/z) calcd. 

or C 15 H 13 N 3 O 2 S, 589.12; Found, 590.06 [M + H] + . The slow evapo-

ation of parent solution affords orange crystals suitable for single 

rystal XRD study. 

.4. Representative procedure for transamidation reaction 

A mixture of amide (5 mmol), amine (5 mmol) and catalyst (0.5 

ol %) in 1,4 dioxane (5 mL) was stirred in a sealed tube under ni-

rogen atmosphere at 100 ◦C for 8 h. Then the solvent was removed 

sing rotavator and the resulting crude product was purified by 

olumn chromatography on silica gel (20 0–40 0 mesh) using elu- 

nts hexane and ethyl acetate [95:5, v/v] to afford corresponding 

mides as a white solid. The formation of products was confirmed 

y NMR spectroscopy. The reported isolated yields are an average 

f two runs. 
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Table 5 

Evaluations of substrate scope a , b . 

a Reaction conditions: Amide (5 mmol), amine (5 mmol), catalyst 3 (0.5 mol %) in 5 mL of 1,4 dioxane, reflux at 100 °C for 8 h. 
b Yields were calculated after isolation of the amide product through column chromatography using silica gel (20 0–40 0 mesh). 
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.5. X-ray crystallographic study 

Crystal of complex 3 was mounted on glass fiber, used for 

ata collection. Crystal data were collected at 296 (2) K us- 

ng a Gemini A Ultra Oxford Diffraction automatic diffractometer. 

raphite monochromated Mo-K α radiation ( λ = 0.71073 Å) was 

sed throughout. The absorption corrections were performed by 

he multi-scan method. Corrections were made for Lorentz and po- 

arization effects. The structure was solved by direct methods using 

he program SHELXS. Refinement and all further calculations were 

arried out using SHELXL [26] . The H atoms were included in cal- 

ulated positions and treated as riding atoms using the SHELXL de- 

ault parameters. The non-hydrogen atoms were refined anisotrop- 

cally using weighted full-matrix least squares on F 2 . Atomic scat- 

ering factors were incorporated into the computer programs. 

. Results and discussion 

.1. Synthesis and spectral characterization 

The reaction of 2-hydrazino benzothiazole with salicylalde- 

yde, o -vanillin or 2-hydroxy-1-naphthaldehyde in ethanol gives 

he desired Schiff base ligands SAL-HBT, VAN-HBT or NAP- 

BT in good yields. The reaction of ligands with [Ru( η6 - p - 

ymene)Cl ] in ethanol under reflux affords the new complexes 
2 2 

5 
 1 - 3 ) ( Scheme 1 ). All the complexes are non-hygroscopic solids,

ir-stable in solid state and solution at room temperature; soluble 

n common organic solvents such as acetone, benzene, chloroform, 

ichloromethane, dimethylsulfoxide, dimethylformamide, ethanol, 

ethanol and insoluble in diethyl ether, hexane and petroleum 

ther. The complexes have been characterized by satisfactory el- 

mental analyses, IR, ( 1 H, 13 C) NMR and ESI-mass spectral stud- 

es. In addition, the solid-state structure of the complex 3 was 

onfirmed by single crystal X- ray crystallography. The analytical 

ata of the complexes are well matched with calculated values. Be- 

ides, the ESI-MS spectra of ligands and complexes (1-3) (Figs. S1- 

6 in the supporting information) show that the molecular masses 

btained for the compounds are complementary with theoreti- 

al molecular masses. Moreover, the fragmentation patterns also 

trongly support the formation of the intended compounds. 

The information about the bonding between ligands and ruthe- 

ium metal in the synthesized complexes were predicted using IR 

pectra. The appearance of a broad signal at 3349-3635 cm 

−1 in 

he ligands and complexes corresponding to νOH indicates the non 

articipation of phenolic –OH group in coordination with metal in 

omplexes 1 - 3 . The spectra of ligands show a sharp signal at 30 6 6-

145 cm 

−1 due to νNH. On complexation, the νNH peak disappeared 

n the spectra of complexes ( 1 - 3 ) indicate -N = C-N tautomerism

ollowed by deprotonation and coordination of benzothiazole ring 

itrogen with metal. The presence of peak at 1573 −1609 cm 

−1 
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n the spectra of ligands was assigned to imine group. However, 

n the spectra of complexes, the imine peak shifted to lower fre- 

uency and appeared at 1569 −1598 cm 

−1 reveal the participation 

f azomethine nitrogen in bonding with metal [27] . 
1 H NMR spectroscopy is another tool to confirm the coordina- 

ion of the ligands with the ruthenium metal. 1 H NMR analyses of 

ll the compounds were done in deuterated solvent at room tem- 

erature (Figs. S7-S12 in the supporting information). The spectra 

f the free ligands show a singlet for OH protons at 11.04 -10.65 

pm. The spectra of complexes also display peak in the region 

1.73 - 10.95 ppm due to the non noncoordination of phenolic –

H group with metal in complexes 1 - 3 . The imine proton of lig-

nds exhibits one singlet at around 8.53-8.05 ppm which is shifted 

o downfield in the spectra of complexes and appears at 8.39 - 8.10 

pm describes the coordination of imine nitrogen with ruthenium 

on. The appearance of peak at 4.51-4.25 ppm in the ligands spec- 

ra was assigned to NH protons. The disappearance of NH proton 

ignal in the complexes ( 1 - 3 ) indicates -N = C-NH tautomerism fol-

owed by deprotonation at benzothiazole ring nitrogen during the 

oordination with metal. The methoxy (OCH 3 ) proton signal of lig- 

nd (VAN-HBT) and complex 2 was observed at 3.93 and 3.96 ppm 

espectively. All ruthenium complexes ( 1 - 3 ) display four doublets 

n the region 5.72 - 5.34 ppm and a singlet in the region 2.69 -

.53 ppm corresponds to aromatic and methyl protons of the p - 

ymene. The methine proton of the p -cymene exhibits a septet in 

he range 2.41 - 2.39 ppm. The isopropyl group of the p -cymene 

hows two doublets at around 1.29 - 0.91 ppm. The diastrophic 

ethyl protons of isopropyl group and chiral nature of the metal 

enter may be the reason for the unusual splitting of the aromatic 

nd isopropyl protons [ 28 , 29 ]. The above observations confirm the 

oordination of ligands with ruthenium ion and formation of de- 

ired complexes. 

The 13 C NMR spectra of complexes 1–3 further support the 

ormation of proposed complexes and the spectra show the ex- 

ected signals in the appropriate regions (Figs. S13-S18 in the sup- 

orting information). The peak for imine carbon appears around 

46.78 - 142.49 ppm for all the complexes ( 1 - 3 ). The aromatic car-

ons show signals in the region 160.26-114.41 ppm. The methoxy 

OCH 3 ) carbon signal was observed around 56.35 ppm for complex 

 . The methine (CH) carbon signal appears region at 35.07 - 30.78 

pm. The two isopropyl methyl carbons ((CH(CH 3 ) 2 ) of p -cymene 

xhibit signals at region 22.57 - 21.22 ppm and the methyl carbon 

CH 3 ) signal was observed at 23.19 - 22.57 ppm. 

.2. X-ray crystal structure of complex 3 

The solid-state structure of the complex 3 is shown in Fig. 1 and 

he summary of X-ray data and refinement parameters are dis- 

layed in Table 1 . The selected bond lengths and angles for the 

omplex 3 are shown in Table 2 . The complex 3 was crystallized 

n “P-61 ” space group. The benzothiazole hydrazine ligands coordi- 

ated to Ru(II) ion as monobasic bidentate manner via imine ni- 

rogen and benzothiazole ring nitrogen in all the complexes. The 

rene group of p -cymene is bonded to the metal ion in η6 fash- 

on as centro symmetrically and a chloride ligand occupies the re- 

aining position. Hence, the complexes exhibit a typical piano- 

tool conformation with pseudo octahedral geometry. The struc- 

ural data of the complex are coincide with the formerly reported 

rene ruthenium(II) complexes [23] . 

Noteworthy in complex 3 , Ru(1)-N(1) and Ru(1)-N(3) bond 

engths are 2.096(6) and 2.105(6) Å .The ruthenium-chloride bond 

ength (2.239(8) Å) is higher than that of ruthenium nitrogen bond 

ength. The ruthenium-carbon bond lengths 2.239(8), 2.205(7), 

.171(9), 2.206(10), 2.143(9) and 2.171(9) Å are comparable with 

arlier reported complexes [23] . The bond angle of N(3)-Ru(1)- 

(1) in complex 3 is found to be 76.1(2) °. The N(3)-Ru(1)-Cl(1) and 
6 
(1)-Ru(1)-Cl(1) bond angles (87.77 ° and 85.06 °) are close to that 

f an octahedral bond angle. This slight deviation from the octa- 

edral bond angle is the evidence for attaining “piano stool” ge- 

metry. The bond lengths of N(2)-C(12) (1.344(11) Å) and C(12)- 

(3) (1.300(10) Å) as well as absence of acidic NH proton confirm 

N = C-NH tautomerism followed by deprotonation at benzothiazole 

ing nitrogen in solution during coordination with Ru metal ion. 

.3. Catalytic studies 

Previous reports established that several ruthenium complexes 

ere utilized as active catalysts in the synthesis of amides [30] . 

he reports revealed that the change in ligand design and sub- 

tituent around metal center play major roles to increase the cat- 

lytic activity. Hence, the new complexes were subjected to screen 

heir abilities to catalyze transamidation of carboxamides with 

mines. Generally, the transamidation of primary amides should 

e synthetically useful because it can provide a route to higher 

mides through expulsion of a molecule of ammonia. Thanks to its 

ow boiling point, this can readily be removed from the reaction, 

roviding secondary amides efficiently. 

Initially, transamidation of primary amides was started using 

enchmark substrates acetamide and benzyl amine using complex 

 as catalyst. These substrates were selected in order to find op- 

imization of various conditions such as presence of solvent, time 

nd catalyst loading for the transamidation. The results of the pre- 

iminary reactions were shown in Table 3 . In order to assess the 

rucial role of solvent, the solvent-dependent differences in the ac- 

ivities of catalysts were carried out on the model reaction using 

olvents such as p -xylene, chlorobenzene, acetonitrile, DMF, DMSO, 

-pentanol, i PrOH, ethanol, 1,4 dioxane and water. The ether like 

olvent 1,4 dioxane ( Table 3 , entry 3) was found to be better reac-

ion media than protic solvents such as i PrOH, 1-pentanol, ethanol 

nd water ( Table 3 , entries 10, 11, 13, 14). The polar aprotic sol-

ents (DMF, DMSO) afford lower conversion ( Table 3 , entries 7, 8), 

hereas 1-pentanol prove completely futile ( Table 3 , entry 11). The 

on polar aromatic hydrocarbon such as p -xylene, chlorobenzene, 

ave shown the yields of 29 % and 73 %. Acetonitrile could bring 

bout conversion up to 54 %. Pleasantly, 1,4 dioxane was found to 

e the solvent of choice, giving 93 % yield in 8 h. To ensure the cat-

lytic role of complex 3 , control experiment was performed in the 

bsence of Ru(II) catalyst and solvent. As expected, no conversion 

akes place after a prolonged reaction time up to 24 h ( Table 3 ,

ntries 15, 16). 

We too explored the significance of catalyst loading and the re- 

ults were depicted as Table 3 . The catalyst loading of 0.5 mol % 

 Table 3 , entry 3) leads to the maximum yield of 93 % for catalyst

 with in 8 h. However, decrease the catalyst amount in transami- 

ation reaction result corresponding product in lower yield even 

fter 24 h ( Table 3 , entry 1, 2). Higher catalyst loading (1 mol %)

eads to slightly higher yield after 24 h ( Table 3 , entry 1, 2). From

he results, 0.5 mol % was considered to be the choice of catalyst 

oading. Additionally, catalyst 3 was found to be the best catalyst 

or transamidation reaction to obtain excellent yield ( Table 4 , en- 

ry 3). Other catalysts such as 1 and 2 show lower activity than the 

atalyst 3 ( Table 4 , entry 1, 2). The overall catalytic activity of the

omplexes is in the order 3 > 2 > 1 . The higher catalytic activity

f catalyst 3 is due to the presence of bulky planar naphthalene 

ing system in the ligand. 

In order to know the general applicability and versatility of 

he synthesized catalyst, we have conducted a series of catalytic 

ransamidation reactions using the complex 3 as catalyst under op- 

imized conditions. Various substituted primary amines were re- 

cted with primary amide such as acetamide or 4-methyl ben- 

amide under optimized conditions and the % yields were tab- 

lated in Table 5 . The aromatic amine like benzyl amine, ani- 
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ine, 2-naphtyl amine showed the very high yields. (1a-b, 2a-b, 

a-b). Electron with drawing groups (4a-b, 5a-b & 6a-b) as well 

s electron donating groups (7a–b, 8a–b) on both ortho, meta 

nd para positions were well tolerated by the catalytic system 

nd showed moderate yields under optimized conditions. Further, 

eteroatom containing amines such as 2-picolyl amine was also 

erfectly adopted and underwent transamidation with high yield 

13a–b) compared to aniline derivatives which may due to the 

resence of basic nitrogen atom in aromatic ring. Next, the steric 

ffect was studied and it was found that various substituted ani- 

ine like 2,6 dimethyl aniline (9a-b), 2,6-diethyl aniline (10a-b), 

,4,6-trimethyl aniline (11a-b), 2,6 diisopropyl aniline (12a-b) pro- 

ided moderate to good yields. The nature of substituents and their 

ositions have shown influence over the reaction. In general, the 

 -nitro aniline, as expected due to its decreased nucleophilicity 

rovides moderate yields (5a-5b). The less nucleophilicity in m - 

hloro aniline significantly reduced the yield (6a–b). This may be 

ue to the delocalization of nitrogen lone pair of electrons on the 

romatic ring which is apparent according to the literature [11a]. 

he presence of aliphatic groups like cyclohexylamine and tertiary 

utyl amine enhanced the yields (14a-b, 15a–b). 

. Conclusions 

Synthesis, structural characterization and catalytic activity of 

alf-sandwich ( η6 - p -cymene) Ruthenium(II) complexes were pre- 

ented in this work. The benzothiazole hydrazone Schiff base lig- 

nds coordinated with Ru(II) ion as monobasic bidentate N ̂ N fash- 

on. The pseudo-octahedral “piano-stool” geometry compensated 

y p -cymene ring ( η6 ), one Cl and monobasic bidentate (N ̂ N) ben-

othiazole hydrazone Schiff base ligands have been revealed by 

ingle crystal X-ray diffraction study (Complex 3 ). Moreover, the 

ynthesized complexes were screened as catalyst in transamida- 

ion of primary amides. The catalytic transamidation reactions give 

ood to excellent yields which exhibit the stability of the com- 

lexes towards the atmospheric conditions. By comparing the cat- 

lytic activity of complexes [ 1 –3 ], the complex 3 has been con-

rmed as an effectual and suitable catalyst under milder reaction 

ondition. The designed protocol is highly suitable in terms of syn- 

hesis because the starting material used has been readily available 

o harmful reactive reagents or without forming wasteful byprod- 

cts. 
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