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Abstract

Five new pincer type Ni(ll)-Schiff base complexdstite general formula [Nit(PPh)] 1,
[NIL2(PPh)] 2, [NiL3(PPh)] 3, [NIL*(PPh)] 4 and [NiL*(4-MePy)]5 [where HL'= 2-(2,3-
dihydroxybenzylideneamino)phenol,,ltf = N-(2,3-dihydroxybenzylidene)benzohydrazide,
H,L® = 2-(2,3-dihydroxybenzylidene)hydrazinecarbothiodeni HL* = 5-(diethylamino)-2-
(2-hydroxybenzylideneamino)phendkMePy = 4-Methylpyridine] were synthesised by the
reaction of the Ni(OAg)4H,O with the corresponding Schiff base ligand in raeti as
coloured crystalline solids in high yields. All tfige complexes were fully characterized by
FT-IR, UV-Vis, 'H NMR, *c{*H} NMR, *P{'H} NMR, mass spectrometry and single
crystal X-ray diffraction studies. The crystalustiures of all five new complexes confirmed
the tridentate nature of the pincer type Schiffebhgands (ONO and ONS) and distorted
square planar geometry around the metal centrellictases. The monodentate ligand
(triphenylphosphine/4-Methylpyridine) occupied thheurth site at nickel. The catalytic
potential of the complexes has been demonstratédtkeisynthesis of a series of 2-substituted
benzimidazoles at room temperature using low cstdbading (0.5 mol %), and without the
use of any additives. All organic products werdatsd in high yields (85-96 %) and fully
characterized b{H and**C{*H} NMR studies.

Keywords: Pincer type, nickel, crystal structure, benzimidazoatalysis

1. Introduction

Nitrogen containing heterocyclic compounds are msae building blocks of numerous
natural products, [1] pharmaceuticals [2] and organlymeric materials [3]. In particular,
benzimidazoles are emerged as an important clagsetefocyclic system and become a
significant intermediates in synthetic organic cieng due to their miscellaneous
applications [4]. Benzimidazoles are medicinallyporiant bioactive heterocyclic scaffolds

and exhibit a broad spectrum of biological and pteaological properties including anti-
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bacterial, [5] anti-fungal, [6] anti-inflammator{7] anti-ulcer, [8] anti-cancer, [9] and anti-
HIV activities [10] (Fig. 1). The presence of immide ring is an integral part of several
natural products such asamino acid histidine, proteins, histamine, puriaes biotin [11].
Besides biological applications, benzimidazolesehalso found applications in industry,
chemical UVB filters, pigments, optical brightenefer coatings and thermostable
membranes for fuel cells [12].

A Typical synthesis of benzimidazole entails theatment of 1,2-phenylenediamine
either with carboxylic acids or their derivativasder strongly acidic conditions [13] or with
aldehydes under oxidative conditions using varioxislative reagents and catalysts such as
1/KI/K ,COs/H,0, CAN/HO,, In(OTf)3, Ce(NQ)3.6H,0, Co(OHYCoO(ll), Nano-Ni(ll)/Y
zeolite, Cu (ll)-salen, CuE®,, CuO nano-particles etc. [14-34]. Although, thesprapches
are widely used for the synthesis of benzimidazotbese are associated with certain
drawbacks, such as formation of by-product, requinet of high reaction temperature,
prolonged reaction time, expensive catalysts, t®dtvents as well as low yields of the
products. In order to overcome these drawbacksetisea need to develop a new stable,
cheap catalysts capable of catalysing the synthw#si-substituted benzimidazoles under
mild conditions.

Transition metal pincer type complexes are repaitdtave high stability and exhibit
excellent catalytic activities in a number of horangous catalytic processes [35]. Tridentate
pincer-type complexes have engendered a lot ofasteo stabilizes a large number of metal
complexes [35]. There complexes can be easily fineded by simple structural
modifications to achieve the best catalytic adegit[36] In the area of nickel chemistry
complexes of pincer ligands have attracted conaiderattention due to their low cost as
compared to the precious metals, low toxicity, hrgactivity and enhanced catalytic and
electrochemical properties [37]. They have beertesafully used as catalysts in variety of
organic transformation such as C-C and C-heteroatoomd formation reactions,
hydrosilylation of aldehydes and ketones, hydroatim of nitriles etc. [38]. Consequently,
prompted by these results and as a continuati@uiobngoing research on transition metal-
catalysed organic synthesis [39], we report hetieensynthesis and crystal structure of five
new pincer type nickel(ll)-Schiff-base complexds5] having ONO and ONS donor atom
and their catalytic activity in the synthesis oberies of benzimidazoles with low catalyst

loading (0.5 mol %) at room temperature.
(Fig. 1)
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2. Results and discussion

Four Schiff base ligands H'-H,L* were synthesized by the reported methods [40-
43]. The ligands were obtained as redl(}, off-white (H,L?and HL?) and yellow (HL%
solids, on refluxing ethanolic solution of correedong aldehyde and amine for 5-8 h. The
reaction of ligand bL'-H,L* with Ni(OAc),.4H,0 and PP¥4-Methylpyridine in 1:1:1 ratio
in methanol at room temperature afforded the corgslgNiL'(PPh)] 1, [NiL(PPh)] 2,
[NIiL3(PPh)] 3, [NiL*(PPh)] 4, and[NiL *(4-MePy)] 5, respectively as a colored crystalline
solid in high vyields (87-91% yields), (Scheme 1ledRblock crystals suitable for X-ray
crystallography were obtained by slow evaporatibrthe solution at room temperature in
DMF. The complexes were air stable, insoluble inewand benzene, and soluble in other
common organic solvents such as; CH, CHCkL, CH;CN, DMF and DMSO. The complexes
were fully characterized by FT-IR, UV-Vi&d NMR, **C{*H} NMR, *P{*H} NMR, mass
spectrometry and their structures were determiyesirigle crystal X-ray diffraction studies.

(Scheme 1)

2.1.FT-IR spectra of ligands and complexes

The FT-IR spectral data of ligandslH-H,L* and complexes-5 are given in Table
1. The FT-IR spectra of ligandsH-H,L* (Fig. S1) showed band at 3369, 3480, 3532 and
3454 cni due to presence ofOH group and band at 1623, 1622, 1620 and 1622 amere
attributed to azomethine C=N group, respectively [44]. The FT-IR spectrufntie HL?
displayed a band at 1667 ¢ndue to C=O group and in,H*, band at 3141 cthand 1227
cm* was due to presence of NH and C=S group, resgégtiHowever, the FT-IR spectra of
the complexed-5 showed band at 1592, 1604, 1593, 1604 and 1613 attributed tov
C=N respectively. A comparison of the spectra géfids HL*H,L* with complexesl-5
indicated that in all complexes teC=N has been lowered by 9-31 ¢nsupporting the
coordination of azomethine nitrogen atom to nicj3¥)]. The absence of C=0 stretching
vibrations in compleX2 and N-H and C=S stretching vibrations in compBgonfirms the
coordination of oxygen in enol forma deprotonation of the -OH group and sulphur inlthio
form via deprotonation of the -SH group to the nickel, resipely [45].

(Table 1)

2.2.UV-Vis spectra of ligands and complexes

The electronic absorption spectra of the ligands™H,L* and complexe4-5 were
recorded in methanol within 200-800 nm at room terajure (Fig. S2). The electronic

absorption spectra of the ligandsL+H,L* showed band in the region 228-279 nm and 315-
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408 nm due tageTt* transitions of the aromatic rings andthtransitions of the azomethine
group, respectively. However the electronic speatfacomplexes1-5 showed three
absorption band in the region 307-336, 363-423,4490 nm (Fig. S2). The peaks in the
regions 307-336 nm were attributed to the* transition. The art* transition corresponding
to the azomethine groups observed in the rangé®#23 nm have been attributed to ligand
to metal charge transfer (LMCT) transitio?;l\ﬁg—ﬁng) and the shoulder at 414-490 nm to
forbidden EA.,— Ty transition [46].
2.3.*H, Bc{*H} and *'P{*H} NMR spectra of complexes 1-5

The*H NMR spectra of complexels5 were recorded in CDElat room temperature
(Fig. S3, S7, S11, S15, S19). TheNMR of ligands HL'-H,L*as reported [40-43] showed
singlet atd 14.19, 59.69 andd 8.88 (HL'), d11.14 and 9.20 (4%, 0 9.13 andJ 8.85
(H,L%), 014.19 and 9.58 (H* due to presence of phenolidtHproton. The azomethine
proton HC=N-) appeared as singlet &t8.85, 8.58, 8.36 and 8.61 in ligandsLMH,L?,
respectively. The phenyl proton of the free ligangse observed in the range ®5.91-7.93
as a complex multiplets. However, a comparisiothef"H NMR spectra of complexek5
with the free ligands pL*-H,L* exhibited upfield shift of azomethinélC=N-) proton atd
8.49, 8.36, 8.26, 8.18 and 8.49, respectively @apeared as a doublet and the phenyl protons
of the ligand and PRM-Methylpyridine moieties were observed in thegawf 07.905.15
as a complex multiplets [34]. Splitting of iminegsal into a doublet was observed and
attributed to coupling of imine proton with the gpborus/nitrogen atom of auxiliary ligand
[47]. The'H NMR spectrum of complexeis3 showed only one singlet forHDat 54.75, 4.93
and 4.97, respectively. The absence of other pie@ signals in complex-3 confirms
the coordination of phenolic oxygen oflH-H,L> to the metal ion. In complexdsand5, the
CH, and (H3 protons of 4-(diethylamino)-2 hydroxybenzaldehyawiety appeared as
quartet and triplet at 3.20 and 3.30 andl1.06 and 1.13, respectively [46, 48].

¥3c{™H} NMR spectra of the complexe$-5 were recorded in CDglat room
temperature (Fig. S4, S8, S12, S16, S20). ffBeNMR spectra of complexds5 displayed
signal at 165.9, 173.3, 171.1, 164.57 and 164.t2&esponding to azomethine carbon,
respectively. In complexeésand3, a signal at 173.2 and 170.9 was due to presdnde©-
O and N=C-S, carbon respectively. The signals appesm the region od 113.56-150.57
(complexl), 149.42-113.47 (complek), 152.45-113.24 (compled), 151.73-93.53 (complex
4) and 152.13-99.76 (complé® were accounted to various aromatic carbons ofitjaads

HoL-H,L* as well as tripenylphosphine/4-Methylpyridine. damplexes4-5, the GH, and
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CH3 carbon of 4-(diethylamino)-2-hydroxybenzaldehygpeared at 44.82, 44.3 and 13.27,
12.8 respectively and the signal at 21.02 in complevas attributed to methyl carbon of 4-
Methylpyridine [49].

The *P{*H} NMR spectra of complexed-4 were recorded in CDglat room
temperature (Fig. S5, S9, S13, S17). iR{*HINMR spectra of complexe$-4 showed a
singlet atd 16.29,0619.17,6 23.93 and 26.87, respectively. The free BRigand exhibit a
resonance & -6.4. The downfield shifting of the resonance diemdicates the coordination
of the PPhligand [50].
2.4.Sngle crystal X-ray Sudies

Diffraction quality crystals of the complexet-%) were grown over a period of two
weeks by standing a concentrated solution of theptex in DMF at room temperature. A
summary of the crystallographic and refinement ddéteomplexesl-5 are given in Table 2.
The structures of the complexds5 have been elucidated by single-crystal X-ray ddfion
studies and the ORTEP diagram of the complexesharen in Fig. 2. ORTEP structure and
crystallographic and refinement data reveals tbatpiexes crystallizes in triclinicl(and4)
and monoclinic 2, 3 and 5) system, and consist of tridentate ligand and 3;PPh
Methylpyridine. The ligand is coordinated throudte tONO/ONS donor atom and fourth
coordination site was occupied by phosphorousfpano atom forming four-coordinated
species with distorted square planar geometryoRist is mainly caused by the presence of
the doubly deprotonated tridentate Schiff basenligavhich forms one five-membered and
one six-membered ring with nickel atom. Selecteddbdistances and bond angle are given
in Table S1. In complexes 3,-bond angles O1-Ni-N1 are 86.84(6), 83.70(12), 84.0),
86.63(9) and 175.86(3), O1-Ni-P1 and N1-Ni-P1 imptexesl-4 are 91.31(4), 91.39(9),
86.09(8), 86.72(6) and 173.81(5), 174.76(10), 13@)l 169.45(6) respectively. In
complexes3 and5, the bond angles O1-Nil-S1, N1-Nil-S1 and N2-Ni-&#& 176.89(8),
87.65(8) and 174.57(10), respectively. The Ni(1}JO&nd Ni(1)-N(1) bond lengths in
complexes1-5 are 1.836(13), 1.842(2), 1.856(2), 1.838(18), 9(8B and 1.888(15),
1.848(3), 1.894(3), 1.874(2), 1.914(2), respecyiwehich are in close agreement with the
previously reported Ni(ll) complexes [45]. In corapb, Ni(1)-S(1) bond length is 2.124(11)
is nearly similar to previously reported Ni(ll) cptax published by K. Natarajan et al.
having Ni-S bond length 2.127 [46].

(Table 2)

(Fig. 2)
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2.5.Catalytic studies

All the complexes were screened for their catalgtivity in the synthesis of 2-
substituted benzimidazoles (Scheme 2). Initiallpzzédehyde and o-phenylenediamine were
chosen as model substrates. Various parametersasuchtalyst loading, solvent and time
were studied and optimized. The results are sunsethin Table 3. When the reaction was
carried out in absence of catalyst in ethanol atmraemperature, 10 % yield of the product
was observed after 12 h (Table 3, entry 1). Howewepresence of 0.2 mol % of catalyist
75 % yield of the desired product was obtained m Jable 3, entry 2). Further, increasing
the catalyst loading from 0.2 mol % to 0.5 mol % &8 mol % resulted in 94 % yield of the
desired product in 2h (Table 3, entries 3-4). Towtssmol % of catalyst loading was found to
be optimum. The reaction was also performed usomgplexes2-5 as catalyst, (Table 3,
entries 3-8). Complexd and complex2 showed superior catalytic activity towards
benzimidazoles synthesis. The lower catalytic &gtiof complexes3 (ONS) may be due to
larger atomic (or Van der Waals) radius of sulftona which may lower the activity of the
catalyst due to steric effect [51]. Presence otted@ donating group at para position of
aldehyde in comple# and weakes-donor properties of 4-methylpyridine in compkxnay
be the reason fathe lower catalytic activity [52]. In order to fodrthe best solvent, the
reaction was carried out in different solvents sashEtOH, MeOH, CHG] CH;CN and
DMF (Table 3). Among all solvents, EtOH gave thatbgeld of product and was found to
be the best solvent (Table 3, entry 3). Thus, thn@l reaction conditions and best yield
(94%) was achieved in the presence of 0.5 mol%oafptex 1 in ethanol solvent at room
temperature within 2 h (Table 3, entry 3).

Subsequently, all reactions were carried out ung@imized conditions with a
structurally diverse range of aldehydes to giveresponding benzimidazoles (Table 4). It
can be concluded that the nature of substituenh s electron donating and electron
withdrawing group on aldehyde resulted in good diigHowever aldehydes containing
electron-withdrawing groups (Br, Cl, F, NOgave products in higher yields than those
containing electron-donating groups (£KCH;, OH) (Table 4, entries 4b-4j). This may be
due to increase in the electrophilicity of the camyd carbon of aldehydes by the electron
withdrawing group [53]. Theara- andmeta- substituted aldehydes resulted in good yield as
compared to substituent at ortho position (TableTéis may be due to steric effect. The
reaction with heteroaromatic aldehydes i.e. quimeR-carbaxaldehyde and thiophene-2-
carbaxaldehyde resulted in good yield of the ddspeoduct (Table 4, entry 4k-l). The
isolated products were fully characterized'byand**C NMR as given in ESI (Fig. S22-
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S33). In order to establish the efficacy of the reatalysts, a comparison was made with
some previously reported catalysts for 2-substitubenzimidazole synthesis in terms of
catalyst loading, temperature, time [16-18,20,3Re3d. (Table 5). The results indicate that
our catalytic system exhibits better catalytic\attias compared to other reported catalyst.
A plausible mechanism for benzimidazoles synthdmsed on previous reports [19,
54-55] is suggested in Scheme 3. Initially tripH@mpsphine ligand dissociate from the
complex to provide a coordination centre [50, SBlirther, the reaction presumably
proceedsvia activation of aldehyde by Ni(ll) followed by imirfermation and the resulting
imine further reacts with another -MHyroup of 1,2-phenylenediamine resulting in the
formation of dihydroimidazole. Subsequently dihydrmlazole undergoes aromatization

under aerial oxidation to give benzimidazole.

(Table 3)

(Table 4)

(Table 5)
3. Conclusion
In conclusion, five new pincer type Ni(ll)-Schifabe complexe$-5, have been synthesized
and characterized by various spectroscopic tecksignd structure of the complexes was
confirmed by single crystal X-ray structure detaration. The catalytic application of Ni(ll)
complexes has been demonstrated in the syntheaisearies of 2-substituted benzimidazoles
from various aldehydes and o-phenylenediamine. @axipand complexX showed superior
catalytic activity than complexe3-5 towards benzimidazoles synthesis as high yields of
product were obtained with these complexes. Thetioees proceeded smoothly at a low
catalyst loading at room temperature without usadofitives and base.
4. Experiment
4.1. Materials and instrumentations:

All reagents and solvents for the synthesis andysisawere purchased from Merck

and Sigma Aldrich and used as received withouh#rpurifications.
FT-IR spectra were recorded on a Perkin Elmer $petter in the range of 400-4000 ¢tm
using KBr pellets. Electronic absorption spectradlgsis was recorded on a Shimadzu UV-
1800 Spectrophotometer in the wavelength range06£800 nm. The'!H and *C NMR
spectra of the isolated products were recorded Bruker Avlll HD-400 MHz spectrometer
in DMSO-ds using TMS as the internal Standard. Melting powése recorded on a Yazawa
micro melting point apparatus.



238  4.2. General synthesisof Ni(Il1) complexes 1-5

239 The HL-H,L* was synthesized by the reported method [40-43%0lution of the
240  corresponding ligand #*-H,L* (0.50 mmol) in 2 mL methanol was added drop-wis¢he
241 methanolic solution of Ni(OAg¥H,O (0.50 mmol, 4 mL) with constant stirring at room
242  temperature. After stirring the solution for 10 oiies, PP¥4-Methylpyridine (0.50 mmol)
243  dissolved in 2 mL methanol was addeéd a syringe to the reaction. After 6-9 h of stirriaig
244  room temperature, the resultant precipitate wasrétl, washed with cold ethanol and dried
245 in vacuum over anhydrous CaClhe precipitate was re-crystallized from DMF. t8bie
246  single crystals for X-ray crystallography were growver a period of two weeks from a
247  concentrated solution of the complex in DMF.

248 [NiLY(PPh)] 1: Yields: 0.495 g, 91%,. FT-IR (KBr), ch 3443v (OH), 1592v (C=N), 3056
249 v (CHa), 1474V (C=GCing), 517V (Ni-0), 443v (Ni-N). *H NMR (CDCk, 25°C, 400 MHz):
250 08.49 (d, IHH-CN), 57.90-7.86 (m, 6H, AH), 7.72-7.70 (m, 1H, AH), 7.55-7.46 (m, 9H,
251  Ar H), 7.00-6.94 (m, 2H, AH), 6.65-6.64 (m, 2H, AH), 6.59-6.53 (m, 2H, AH), 04.74
252 (s,1H,CH).C{*H}INMR(CDClI;,25°C,100MHz)J 165.99, 150.57, 148.58, 134.47, 132.15, 1
253 30.99, 128.81, 122.90, 119.39, 118.06, 116.02, 114.83, 114.20,113.56, *'P{*H}NMR (CDCls,
254 25°C, 160 MHz):016.29. ESI-MS (E§ m/z): Calculated for §H,NNiOsP 548.19, Found
255  548.11.

256 [NiL?(PPh)] 2: Yields: 0.500 g, 87%,. FT-IR (KBr), ¢f 3455v (OH), 1524v (C=N), 3052
257 v (CHa), 1213v (C-O), 1433v (C=Cing), 508V (Ni-O), 426v (Ni-N). *H NMR (CDCk, 25
258 °C, 400 MHz):08.35 (d, 1HH-CN), 07.86-7.81 (m, 6H, AH), 7.73-7.72 (m, 2H, AH),
259  7.55-7.54 (m, 9H, AH), 7.49-7.47 (m, 3H, AH) 7.25-7.23 (m, 1H, AH), 6.91-6.53 (m,
260 2H, Ar H), J 492 (s,1H, ®). “C{*H} NMR (CDCl;, 25 °C, 100
261  MHZz):0173.30, 173.20, 149.43, 148.96, 147.84,134.57, 134.37, 134.26,131.15,139.6,130.25,
262 128.96, 128.87, 128.15,128.00, 122.15, 118.24,116.09, 113.07, 31P{lH}NMR (CDCl3, 25
263 °C, 160 MHz):519.17. ESI-MS (E§ m/z): Calculated for §H,sNoNiOsP 575.22, Found
264 575.12.

265  [NiL3(PPh)] 3: Yields: 0.536 g, 89%. FT-IR (KBr), ¢ 3432-3350) (NH,), 3577v (OH),
266 1593V (C=N).*H NMR (CDCL, 25°C, 400 MHz):8.26 (d, 1HH-CN), 58.24 (s, 1H, Ar
267 H), §7.83-7.78 (m, 6H, AH), 7.55-7.52 (m, 3H, AH), 7.48-7.44 (m, 5H, AH), 6.84-6.81
268 (M, 1H, ArH), 6.69-6.67 (m, 1H, AH), 6.55-6.49 (m, 1H, AH), 54.97 (s,1H, ®l), J4.59
269 (s,1H,NHy).BC{*H}INMR(CDCI3,25°C,100MHz)5171.10, 170.99, 152.45, 149.00, 147.16, 1
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34.37, 134.26, 131.23,128.91, 128.77,128.67, 128.44,122.33, 116.46, 115.62, 113.00, *'P{'H
} NMR (CDCls;, 25 °C, 160 MHz):0 23.93. ESI-MS (E§ m/z): Calculated for
Ca6H22N3NIO,PS 529.19, Found 530.08.
[NIL%PPh)] 4: Yields: 0.536 g, 88%. FT-IR (KBr), ch 1604 v (C=N), 2975v (CH,),
1468V (C=GCing). 'H NMR (CDCk, 25°C, 400 MHz):58.18 (d, 1HH-CN), 57.88 (m, 10H,
Ar H), 7.58-7.57 (m, 2H, AH), 7.03 (m, 3H, AH), 6.85-6.84 (m, 1H, AH), 6.56-6.50 (m,
3H, ArH), 6.12-6.10 (m, 1H, AH), 5.32-5.28 (m, 2H, AH), 5.15 (m, 1H, AH), 3.24-3.15
(q, 4H, -TH.), ), 01.06-1.04 (t, 6H, -63). *C{*H}INMR(CDClI3,25°C,100MHz)?d 164.57,
151.73, 149.88, 147.13, 135.13, 134.43, 130.70,.6128126.92, 117.85, 114.25,
113.38,104.04, 100.90, 93.53, 44.82, 13.2P{'H} NMR (CDCls;, 25 °C, 160 MHz):
026.87. ESI-MS (E§ m/z): Calculated for ¢gH33N2NiO,P 603.31, Found 604.17.
[NiL *(4-MePy)] 5: Yields: 0.376 g, 87%. FT-IR (KBr), ch 1613v (C=N), 2975v (CHa),
1486V (C=Cing). "H NMR (CDCk, 25°C, 400 MHz):58.49 (d, 1HH-CN), §7.77 (d, 1H,
Ar H), 07.42-7.39 (m, 1H, AH), 7.15-7.13 (m, 3H, AH), 6.86-6.83 (m, 1H, AH), 6.65-
6.63 (m, 1H, AH), 6.47-6.43 (m, 1H, AH), 6.17-6.14 (m, 1H, AH), 6.03 (m, 1H, AH),
3.34-3.29 (q, 4H, -CB), 1.15-1.12 (t, 6H, -CH. “*C{*H} NMR(CDCI3, 25°C, 100MHz):
164.72, 163.66, 152.13, 149.95, 133.91, 126.82,112516.70, 114.33, 133.13, 112.19,
112.9, 103.89, 99.76, 44,37, 21.02, 12.86. ESI-BS;(m/z): Calculated for &H2sN3NiO>
434.17, Found 434.15.
4.3 General procedure for the synthesis of 2-substituted benzimidazoles

A mixture of aldehyde (1.0 mmol) amdphenylenediamine (1.0 mmol) and complex
1 (0.5 mol %) was stirred at room temperature inmvhéomL) for 2-3 h. The progress of the
reaction was monitored by TLC. After completiontbé reaction, the solvent was removed
and the product washed with water and extractedh wihyl acetate (3x10 mL). The
combined organic layers were dried over,8&, and the solvent removed under reduced
pressure to give crude product which was purifigdcblumn chromatography by using
petroleum ether/ethyl acetate as an eluent. Thaugte were confirmed b\H and**C NMR.
4.4 Crystallographic studies

The X-ray diffraction data were collected on a BruKappa diractometer at 103(2)
K (complexesl-2), 203(2) K (complexd) and 296 K (complexe45) equipped with a CCD
detector, employing Cu radiation (complex 1-2) &nd K o radiation (complex 3-5)A(=
1.54178 A (complex 1-2) and 0.71073 A (complexeS),3with the SMART suite of
programs [57]. All data were processed and cordetide Lorentz and polarizationffects
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with SAINT and for absorption ffects with  SADABS [58]. Structural solution and
refinement were carried out with the SHELXTL suifgpmgrams [59]. The structures were
refined (weighted least squares refinement 8nt& convergence. All the non-hydrogen
atoms in all the compounds were refined anisotadlyicby full-matrix least-squares
refinement.A summary of the crystallographic and refinementadaf complexesl-5 are
given in Table 2.
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[NIL*(PPh)] 4 [NiL4(4-MePy)]5

Fig. 2 ORTEP diagram of [Nit(PPh)] 1, [NiL?(PPh)] 2, [NiL*(PPh)] 3 (DMF molecule
omitted, [NiL3(PPh)] 4 and [NiL*(4-MePy)] 5 complexes with the non C-H atom labelling
scheme (Thermal ellipsoids are drawn at the 50%aiitity level.)

Table 1 FT-IR spectral data of ligands and nickel(ll) cdexes1-5

VOH OVUNH uvC=0 uC=N v C=S

Compound (cm?) (em®  (em?)  (em?) (cm?
HL' 3369 - - 1623 -
HL? 3480 3291 1667 1622 -
HL® 3532 3141 - 1620 1227
HL* 3454 - - 1622 -
NIL'(PPR)] 1 3443 - - 1592 -
[NiL %(PPh)] 2 3453 - - 1604 -
[NIL*(PPh)] 3 3586 - - 1593 -
[NiL *(PPh)] 4 - - - 1604 -
[NiL “(4-MePy)]5 - - - 1613 -

Table 2 Crystal data and refinement parameters of compléxes

CCDC 1473738 1526857 1585092 1536826 1537251
Chemical C31H24NNi03P C32H25N2NiO3P C29H28N4Ni03PS C35H33N2Ni02p C23H25N3Ni02
formula

Formula 548.19 g/mol 575.22 g/mol  602.29 g/mol 603.31 g/mol  434.17 g/mol

weight

Temperature 103(2) K 103(2) K 203(2) K 296 K 296 K

Wavelength 1.54178 A 1.54178 A 0.71073 A 0.71073 A 0.71073 A

Crystal size 0.100 x 0.140 0.160 x 0.060 x 0.140 x 0.220x 0.37 x0.31 x 0.62 x 0.45 x
x 0.220 mm 0.040 mm 0.280 mm 0.23 mm 0.32 mm

Crystal red block red block red block red block red block

habit

Crystal triclinic monoclinic monoclinic triclinic monoclinic

system

Space group P-1 P12l/n1 P121/n1 P1 P21/n

Unit cell
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dimensions
a(A)

B (A)

v (R)

a

b

C

Volume

Z

Density
(calculated)
Absorption
coefficient
F(000)
Goodness-
of-fit on P
Al may
Final R
indices
1>25(1)

R indices
(all data)

76.3139(5)°
88.3431(5)°
76.5697(5)°
8.98080(10) A
io.01310(10)

14.4375(2) A
1226.48(3) A

1.484 g/cn

2.043 mnit

1.064

0.001
R1 = 0.0349,
WR,= 0.0899

R:1 = 0.0366,
WR; = 0.0932

8

90°
101.4877(12)°
90°
15.7729(3) A
15.3705(2) A

22.1748(3) A
5268.31(14) A

1.450 g/cn

1.942 mnt

2384

1.001

0.001
R1 = 0.0609,
WR, = 0.1402,

R1=0.1040,
WR> = 0.1638

90°
102.702(16)°
90°

9.960(3) A
15.038(4) A

19.637(6) A
2869.2(15) R
4

1.394 g/cm
0.842 mnit

1252
1.026

0.001
Ri1 = 0.0541,

WR; = 0.1140,

R1 =0.0978,
WR, = 0.1324

82.472 (4)°
75.563 (4)°
74.087 (4)°
10.1793 (6) A
15.6331 (8) A

20.4722 (10) A

3027.2 3) K
4

1.324 Mg n?
0.73 mm*

1264
0.938

0.001
R1 =0.0392,
WR; = 0.0951

R; = 0.0640,
WR, = 0.1018

90°
101.269°
90°
10.5869 A
7.6769 A

26.0646 A
20775 (3) R
4

1.388 Mg m®

0.96 mm*

912
1.053

0.001
R1 = 0.0440,
WR; = 0.1268

R:1 =0.0512,
WR, = 0.1314

Table 3 Optimization of reaction conditions for synthesfsdenzimidazolées

CHO

NH, | H
- O
Entry Catalyst Solvent Time Yield
loading (%)
(mol %)
1 - - EtOH 12 10
2 Complex1 0.2 EtOH 5 75
3 Complex1 0.5 EtOH 2 94
4 Complex1 0.8 EtOH 2 94
5 Complex2 0.5 EtOH 2 93
6 Complex3 0.5 EtOH 2 82
7 Complex4 0.5 EtOH 2 89
8 Complex5 0.5 EtOH 2 85
9 Complex1 0.5 MeOH 3 75
10 Complex1 0.5 CHgl 4 45
11 Complex1 0.5 CiCN 4 58
12 Complex1 0.5 DMF 4 84

®Reaction conditions: Aldehyde (1 mmadyphenylenediamines (1 mmol), RT.

®Yield after column chromatography.
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524 Table 4 The reaction of various aldehydes withphenylenediaminesinder optimized
525  reaction conditiorfs’

CHO
NH N
@ 2 | O 0.5 mol % Ni(IT) complex @ \
+ —R
NH, = Ethanol, 1t, 2-3 h H

R= OCH3 Br,
Cl,F b, OH, heteroaromatic
N N N
CH-0O T~ @t\»@w
N N N
4a, 94 % 145,89 % 4¢,90 %
N
COH-O— GO~ C-O-
N N N
4,87 % 44,96 % 4, 94 %
N N
S T L}
N N N
H H H NO,
4f, 93 % 42,91 % 41,89 %
N
\) N
0O s Co
H NS
45, 85% 4k, 89 % 41, 87 %
526 - ‘- - - -
527 Reaction conditions: Aldehyde (1 mmol) amgphenylenediamines (1 mmol);
528 ®Yield after column chromatography.
529

530 Table 5 A comparison study of synthesized Ni(ll) complexttwihe previous reported
531 catalysts for benzimidazole synthesis

532
Entry Catalyst Catalyst Temperature Time  Yields Reference
loading (°C) (h) (%)
(mol %)
1 Cu(ll)-salen 5 50 3 90 [344a]
2 CuFe0O4 50 110 24 89 [34 b]
nanoparticle
3 Zn(OTf) 10 80 8 95 [32]
4 MoOs 2 50 0.5 93 [34 c]
5 Co(OH} / 10 rt 4-9 98 [18]
CoO(ll)
6 Ce(NGy)3-6 HO 30 80 1.5-6 94 [17]
7 In(OTfy 5 rt 0.5 95 [16]
8 Ni(NG;)2.6H,O 50 80 0.5 89 [20]
9 Pincer Ni(ll) 0.5 rt 2-3 96 This work
Complexes

533
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Scheme Plausible mechanism for benzimidazole synthesis



Highlights:
» Synthesis of five new pincer type Ni(ll)-Schiff-base complexes
» Characterization by single crystal X-ray, FT-IR, UV-Vis, NMR and mass spectrometry
» Efficient catalysts for the synthesis of 2-substituted benzimidazoles
» Reaction proceed using low catalyst loading at room temperature



