Accepted Manuscript e B

MOLECULAR
STRUCTURE

Dinuclear N-heterocyclic carbene silver complexes: Synthesis, luminescence and
catalytic studies

Deniz Demir Atli, Sibel Glille

PII: S0022-2860(18)31366-8
DOI: https://doi.org/10.1016/j.molstruc.2018.11.053
Reference: MOLSTR 25882

To appear in:  Journal of Molecular Structure

Received Date: 18 October 2018
Revised Date: 16 November 2018
Accepted Date: 17 November 2018

Please cite this article as: D. Demir Atli, S. Giille, Dinuclear N-heterocyclic carbene silver complexes:
Synthesis, luminescence and catalytic studies, Journal of Molecular Structure (2018), doi: https://
doi.org/10.1016/j.molstruc.2018.11.053.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.molstruc.2018.11.053
https://doi.org/10.1016/j.molstruc.2018.11.053
https://doi.org/10.1016/j.molstruc.2018.11.053

+

Ph

Ph

510

500

Wavelength (nm)



Dinuclear N-heterocyclic carbene silver complexesSynthesis, luminescence and

catalytic studies

Deniz Demir Ath*, Sibel Gllle

Manisa Celal Bayar University, Faculty of Scienoe &rts, Chemistry Department,
45140, Manisa, Turkey
deniz.demir@cbu.edu.tr

Abstract

A new dibenzimidazole compourtl) and three dibenzimidazolium sa{&a-2c)were
prepared. Reactions of these salts with silverfdid® in methanol led to dinuclear N-
heterocyclic carbene silver complex@a-3c) All of the compounds were characterized by
'H NMR, *C NMR and elemental analyses. Molecular weighttefsilver complexes were
confirmed by MALDI-TOF mass spectrometry. Prelimmpaatalytic studies using all the
silver complexes were performed on three-componenpling reaction op-formaldehyde,
piperidine and phenylacetylene. CompleXass and 3c exhibited good catalytic activities
under neat conditions. The silver complexes sholednescence properties in @EN at

room temperature.
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1. Introduction

N-heterocyclic carbene (NHC) ligands have drawnagiaterest in organometallic
chemistry since the discovery of the first stabled@QNin 1991 [1]. NHCs with strong-
donating and weak-accepting features are alternative to phosphiflesy form stable metal

complexes containing strong metal-carbon bonds [2].

Among the NHC-metal complexes, silver complexegeheonsiderable importance.
The first NHC-Ag(l) complex was isolated in 1993 Byduengo et al. by the reaction of
AgOTf and a free carbene [3] and since then mangHver complexefave been studied
with increased attention. For synthesis, the mastjuently used method has been
deprotonation with a silver base such as;gAgxCO; and AgOAc [4-6]. NHC-AgQ(l)
complexes have been widely used as sources of rehffe metal complexes via

transmetallation [7-14]. These compounds have aotiial and anticancer properties [15-



19]. Also, they have been studied as luminescenenads [20-23]. There have been limited
number of reports related to the use of NHC-Agéinplexes in catalysis [24-32].

Herein, we report on the synthesis and characteiza of three new
dibenzimidazolium salts in which two NHC moietieg @onnected by 2-methylenepropane-
1,3-diyl group and their dinuclear dicationic di(RM silver complexes. According to our
knowledge, this bridging group which is analog tifflahas not been used for preparing
dibenzimidazolium compounds yet. It is expectedt ttihis type of NHC precursors can
generate effective catalysts. We also present lesaent properties and catalytic activities of

Ag(l) complexes in three-component coupling reaxgito give a propargylamine derivative.
2. Experimental
2.1. Reagents and Instruments

All reactions were carried out under open atmospheiess stated otherwise. The
reagents and the solvents were obtained from cooiahesuppliers and used as received.
THF was distilled under argon over Na/K alldyd (400 MHz) and**C (100 MHz) NMR
spectra were recorded on a Varian VNMRJ spectramélemental analyses were performed
using a LECO-932 CHNS model analyzer. Molecular ghts of the complexes were
measured with Bruker Microflex LT MALDI-TOF mass exgfrometer. Thermogravimetric
analysis for2c was carried out with EXSTAR TG-DTA 7300 instrument

2.2. Preparation of NHC precursors
2.2.1. 1,1-(2-methylenepropane-1,3-diyl)dibenzimidazole (1)

Benzimidazole (1.182 g, 10 mmol) solution in didA (25 mL) was added to NaH
(0.48 g, 12 mmol) in dry THF (5 mL) under argon asiphere. The mixture was refluxed for
1h. After filtration, 1,1-bis(chloromethyl)ethylerf@.54 mL, 5 mmol) was added to the filtrate
and it was refluxed for 24h. The mixture was fild and the solvent was removed. Water
(100 mL) was added to the residue and it was eglagith CHCI, (3x20 mL). After drying
with N&SQO,, the solvent was removed and dibenzimidazole camgavas recrystallized at
CH.Cly/hexane (1/4). Yield: 1.181 g, 82%4 NMR (CDCk): = 7.82 (d, 2H, J = 7.30 Hz,
NCHN), 7.75 (s, 2H, Ar-H), 7.32-7.24 (m, 4H, Ar-H),21-7.17 (m, 2H, Ar-H), 5.24 (s, 2H,
=CH,), 4.65 (s, 4H, NCh ppm.**C NMR (CDCk): & = 144.13, 143.30, 138.28, 133.80,



123.71, 122.91, 120.89, 118.28, 110.04, 47.59 pumal. Calc. for GgH1eN4: C, 74.96; H,
5.60; N, 19.43. Found: C, 74.62; H, 5.75; N, 19.45%

2.2.2. 1,1-dibenzyl-3,3-(2-methylenepropane-1,3-diyl)dibenzimidazolium dibomide
(2a)

1 (1 mmol) and benzyl bromide (2 mmol) were stimedMF (3 mL) at 80°C for 24
h. The mixture was cooled to the room temperatte® (15 mL) was added and the mixture
was filtered. The white solid was recrystallizeoini EtOH at room temperature. Yield: 89%.
'H NMR (DMSO-d): 8 = 10.11 (s, 2H, NCHN), 8.02-7.94 (m, 4H, Ar-H)68-7.53 (m, 8H,
Ar-H), 7.42-7.34 (m, 6H, Ar-H), 5.80 (s, 4H, NGH5.44 (s, 4H, NCh), 5.31 (s, 4H=CH,)
ppm.13C NMR (DMSO-@): 6 = 143.48, 136.42, 134.32, 131.71, 131.42, 129129,19,
128.88, 127.28, 127.21, 119.62, 114.55, 114.4346049.28 ppm. Anal. Calc. for
Cs2H3oN4Bro: C, 60.96; H, 4.81; N 8.89. Found: C, 61.61; B34 N, 9.08%.

2.2.3.  1,2di(3-methoxybenzyl)-3,3-(2-methylenepropane-1,3-diyl)dibenzimidazolium
dichloride (2b)

Compound2b was prepared similar t@a using 3-methoxybenzyl chloride. Yield:
80%.'H NMR (CD;OD): & = 9.86 (s, 2H, NCHN), 7.94-7.88 (m, 4H, Ar-H), 9:8.65 (m,
4H, Ar-H), 7.36-7.32 (m, 2H, Ar-H), 7.10-7.04 (mH4Ar-H), 6.96 (dd, 2H, J = 9.16, 2.55
Hz, Ar-H), 5.72 (s, 4H, NCh), 5.47 (s, 4H, NCh), 5.32 (s, 2H=CH,), 3.78 (s, 6H, OCH
ppm.l3C NMR (CD;OD): & = 160.44, 142.41, 135.75, 134.34, 131.64, 1311480.20,
127.23, 127.15, 120.16, 118.89, 114.24, 113.94,7913113.47, 54.51, 50.74, 49.02 ppm.
Anal. Calc. for G4H3aN4O.Cly: C, 67.87; H, 5.71; N 9.32. Found: C, 68.46; H565.N,
9.60%.

2.2.4.  1,1-di(4-methoxybenzyl)-3,3-(2-methylenepropane-1,3-diyl)dibenzimidazolium
dichloride (2c)

Compound2c was prepared similar t8a using 4-methoxybenzyl chloride. Yield:
95%. 'H NMR (DMSO-a): = 10.51 (s, 2H, NCHN), 8.06-7.99 (m, 4H, Ar-H)p%-7.55
(m, 8H, Ar-H), 6.95-6.92 (m, 4H, Ar-H), 5.75 (s, 4NCH,), 5.47 (s, 4H, NCh), 5.37 (s, 2H,
=CH,), 3.71 (s, 6H, OCH ppm.=*C NMR (DMSO-@): 5 = 159.90, 143.52, 136.46, 131.69,
131.28, 130.71, 127.11, 127.08, 126.25, 120.27,7014.14.60, 114.49, 55.64, 49.99, 49.17



ppm. Anal. Calc. for gH34N40.Cl,2.25H0: C, 63.59; H, 6.06; N 8.73. Found: C, 63.57; H,
5.94; N, 8.62%. The presence of hydrate molecukeagafirmed by TGA/DTA analysis.

2.3. General procedure for preparation of NHC silve complexes

Silver(l) oxide (2 mmol) was added to dibenzimidaro salt (1 mmol) dissolved in
MeOH (20 mL). The mixture was stirred at room tenapgre for 24 h in dark. The
suspension was filtered through celite. /R solution (2.5 mmol) in MeOH (10 mL) was
added to the filtrate. The mixture was stirred @nmn temperature for 2 h in dark. After
filtration, the solids were washed with MeOH (2x®)nand EtO (2x5 mL). The product was
recrystallized from CECN/ELO (1/3).

2.3.1. Bis[1,1-dibenzyl-3,3-(2-methylenepropane-1,3-diyl)dibenzimidazolin-2,2
diylidene]disilver(l) bis(hexafluorophosphate) (3a)

Yield: 87%.'H NMR (DMSO-&): & = 7.69-7.67 (m, 8H, Ar-H), 7.39-7.33 (m, 8H,
Ar-H), 7.22-7.15 (m, 20H, Ar-H), 5.68 (s, 8H, NGH5.38 (s, 8H, NCh), 5.02 (s, 4H=CH,)
ppm. ¥%C NMR (DMSO-@): 6 = 140.22, 136.40, 133.95, 133.59, 129.16, 128145,59,
124.89, 124.73, 112.92, 112.87, 52.33, 52.20 ppmPALM-TOF MS: [M-PRg]* at m/z
1297.62. Anal. Calc. for £HseNgAQgoPoF12: C, 53.27; H, 3.92; N, 7.77. Found: C, 52.85; H,
3.98; N, 7.03%.

2.3.2. Bis[1,1-di(3-methoxybenzyl)-3,3-(2-methylenepropane-1,3-diyl)dibenzimidazolin-
2,2-diylidene]disilver(l) bis(hexafluorophosphate) (3

Yield: 79%.'H NMR (DMSO-a): & = 7.69-7.65 (m, 8H, Ar-H), 7.40-7.34 (m, 8H,
Ar-H), 7.05 (t, 4H, J = 7.83 Hz, Ar-H), 6.79 (s, 4Ar-H), 6.74-6.69 (m, 8H, Ar-H), 5.62 (s,
8H, NCHp), 5.36 (s, 8H, NCh), 4.97 (s, 4H=CHy), 3.56 (s, 12H, OCH ppm.*3C NMR
(DMSO-d): & = 159.77, 140.35, 137.86, 133.89, 133.65, 13012290, 124.75, 119.42,
113.85, 113.18, 112.89, 55.36, 52.17, 52.04 ppm.LBIATOF MS: [M-PR]" at m/z
1418.04. Anal. Calc. for §HeNsOsAGPsF12: C, 52.25; H, 4.14; N, 7.17. Found: C, 52.45;
H, 4.29; N, 7.17%.



2.3.3. Bis[1,1-di(4-methoxybenzyl)-3,3-(2-methylenepropane-1,3-diyl)dibenzimidazolin-
2,2-diylidene]disilver(l) bis(hexafluorophosphate) (3%

Yield: 76%."H NMR (DMSO-d): & = 7.65 (t, 8H, J = 6.26 Hz, Ar-H), 7.37-7.29 (m,
8H, Ar-H), 7.18 (d, 8H, J = 8.61 Hz, Ar-H), 6.68, @H, J = 9.00 Hz, Ar-H), 5.62 (s, 8H,
NCH,), 5.40 (s, 8H, NCh), 5.14 (s, 4H,=CH,), 3.57 (s, 12H, OCH ppm. **C NMR
(DMSO-dk): 3 = 159.34, 133.89, 133.42, 129.14, 128.09, 12417861, 114.45, 112.91,
112.81, 55.38, 52.41, 51.89 ppm. MALDI-TOF MS: MR at m/z 1418.44. Anal. Calc.
for CegHeaNgQ4AGoPoF12: C, 52.25; H, 4.14; N, 7.17. Found: C, 51.95; HI3N, 7.38%.

2.4. General procedure for the three-component colipg reaction

The mixture ofp-formaldehyde (30 mg, 1 mmol), NHC-Ag(l) complex 1f#1%),
phenylacetylene (168L, 1.5 mmol) and piperidine (130, 1.2 mmol) in the solvent (2 mL)
was stirred at 80C for 18h in dark. It was cooled to room tempematand E{O (20 mL)
was added. Organic part was dried over MgS@ter filtration and removing the volatile
components, propargylic amine compound was obtadyetblumn chromatography on silica
using EtOAc/hexane (1/3).

3. Results and Discussion

Preparation methods of 1.(P-methylenepropane-1,3-diyl)dibenzimidazdle) and
the dibenzimidazolium sal{a-2c)are shown in Scheme 1. Compoungas obtained by N-
alkylation of benzimidazole with,1-bis(chloromethyl)ethylene in the presence oHNa
THF. Reaction of dibenzimidazole with benzyl hatidgve the dibenzimidazolium saks-c
The salts are stable to air and moisture. Treatmieda-c with 2 equiv. of AgO in MeOH at
room temperature and following the salt metathesection of the formed NHC-Ag(l)
bromide/chloride complexes with NAFR in MeOH at room temperature produced
hexafluorophosphate complexe8a{c) (Scheme 2). These silver complexes are non-
hygroscopic and air stable. They are soluble i@ DMSO and DMF and insoluble in
MeOH, EtO and hexane.
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Scheme 2Synthesis of dinuclear NHC-Ag(l) complexgs-3c

The formulations of the all synthesized compound@sencorroborated by elemental

analysis methodH and**C NMR signals were consistent with the expecteacstres. In the

'H NMR spectra of the silver complexa-3c) extinction of the signals related to acidic C2

proton of the benzimidazolium salfga-2c)is an evidence of deprotonation. The signals for

carbene carbon of the complexes were not observedei™>C NMR spectra. This unusual

situation was ascribed to the fluxional behaviouthe complexes similarly for some NHC-

Ag(l) complexes [33,34]. The molecular formulatioot 3a-3c were also established by
MALDI-TOF mass spectroscopy. [M-gF signals were observed at 1297.62, 1418.04 and

1418.44, respectively.



Three-component coupling reactions of alkynes, lgides and amines ¢Acoupling)
give propargylamines, significant compounds becaafsbeing a key intermediate in the
construction of biologically active N-heterocycldisis known that transition metal salts and
complexes have been efficient catalysts for thestien [35-40]. However, there have been a
limited number of reports related to the catalgiiplications of NHC-Ag(l) complexes in*A
coupling reactions [41-47]. Herein, preliminary agtic studies were carried out using
phenylacetylene, piperidine ampdformaldehyde at 80C. The catalytic activity oBa was
examined in different solvents (Table 1, entrie§).1Moderate yields were obtained in
acetone and C¥CN. Good catalytic activity was observed wia and 3c under neat
conditions (Table 1, entries 1 and 8). Whila and 3c complexes bearing benzyl and 4-
methoxybenzyl substituents on the NHC ligand showa#aost similar activities (Table 1,
entries 1,2,8,9), lower yields were obtained 3y complex containing 3-methoxybenzyl
substituent (Table 1, entries 6,7). It was conalutte&at methoxy group occupying position 3
in compoundb caused to decrease in activity compare8adt was previously reported that
decreasing of the number of the group on the NH@nld led to lower catalytic efficiency
[32].

Table 1.NHC-Ag(l) catalysed Acoupling reactiof?

Ph—=——= + HCHO + NHC-Ag(I: < >
3 mol% N
N \T
H

Entry Catalyst Solvent Yield (98

Ph

1 3a Neat 81
2 3a CH;CN 51
3 3a Acetone 55
4 3a DMF 25
5 3a DMSO 30
6 3b Neat 59
7 3b CH3CN 44
8 3c Neat 83
9 3c CH;CN 50

@ Reaction conditiong-formaldehyde (1.0 mmol), piperidine (1.2 mmol)eplglacetylene (1.5
mmol), catalyst (3 mol %), solvent (2 mL), 18 h,°&) in air.

® |solated yields.

¢ Average of two runs.



The fluorescent emission spectra of compleas 3b and 3c were measured in
CHsCN at room temperature as shown in figure 1. Thectsp obtained upon excitation at
240 nm exhibited maximum emission wavelengths 4t 484 and 470 nm, respectively’d

d'%interactions of Ag(l) ions are thought to causmihescence.

700 3a 3b 3c

500

300

100

Intensity (a.u.)

-100 450 460 470 480 490 500 510
Wavelength (nm)

Figure 1. Emission spectra of complex&a-3c(1.0 X 10°M in CHsCN) at room temperature

4. Conclusions

In conclusion, we prepared three dinuclear NH@esilcomplexes derived from
dibenzimidazol-2-ylidenes. Their structures weraicilated by'H NMR, *C NMR,
elemental analysis and MALDI-TOF mass spectromefPyeliminary catalytic studies
disclosed that complexe8a and 3c catalyzed three-component reaction of piperidine,
phenylacetylene angb-formaldehyde with good vyields under neat condgioill the
complexes were found to be luminescent in aceftmigolutions at room temperature.
Synthesis of new organometallic complexes obtafread these precursors and their catalytic

studies are in progress.
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Highlights

* New N-heterocyclic carbene precursors and their dinuclear silver complexes were
synthesized and characterized.

» Silver complexes were tested as catal ysts in three-component coupling reaction of
piperidine, p-formaldehyde and phenylacetylene.

» Silver complexes were observed to be luminescent.



