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1. Introduction

Cyclic amines are ubiquitous scaffolds in many retu
products, biologically active compounds, and fuori

materials® Considering the importance of these compounds,

eco-friendly preparation of them still representshallenging
task for chemist§® In particular, various pharmaceutically
relevant natural and synthetic molecules are fonalized cyclic
amines with varied ring sizes. Selected examplabebioactive
cyclic amine derivatives are presented in Fi§? 1.
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Fig. 1. Selected examples of biologically active cycliciaes.

Traditional methods to preparation of cyclic amiregolve
substitution reactions employing environmentallyrhfal alkyl
halides®™® or reductive aminations using stoichiometric redgc
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by B-C(sp)~H functionalization of saturated cyclic amines with
aldehydes catalyzed by (arene)ruthenium(ll) congsex
containing phosphino sulfonate as chelating liga&hd$hen,
Gaunt and co-workers have reported the transformatibn
aliphatic amines t@-lactams enabled by palladium catalyfed
C—H carbonylatiori> and followed by Yu and co-workers have
described a directing group-assisted palladium lyzgd (-
C(sp)-H arylation of saturated cyclic amin@s.

Over the two past decadds;heterocyclic carbenes (NHCs)
have become ubiquitous ligands for homogeneousysita and
transiton-metal complexes containing NHC ligands hbeen
widely used in organometallic chemistry as an adtéve to well
known phosphine ligands for the synthesis of homeges
catalysts® Up to now, many examples of ruthenium-catalyged
C(sp)-H functionalization of saturated cyclic amines dising
hydrogen transfers have been repoftéd. But, very few
examples of the about the use of NHC ligands in edlat
transformations are knowh. In this connection, we have
reported first example of ruthenium-NHC catalyge€(sp)-H
functionalization of N-fused saturated cyclic amines with
aldehydes through hydrogen transfers in presencextdrnal
acidic additive in 20182

In the present article, we now described the syrghasd
characterization of new benzimidazolium halides as Nig&hds
(1alif) and their corresponding new ruthenium compleXas.
These complexes were tested as promising catalysefective

agents*™® These processes are wasteful and not atori-C(sP)-H functionalization ofN-methylpiperidine with various

economical. In the past decades, C-H bond functizatiin

involving activation of inert C-H bonds to allow diteC-C

coupling has attracted considerable attention lier gythesis of
amines® This process minimizes the reaction steps ancfier

the number of purification processes and the pribaiicof

wastes and full fills the criteria of sustainabilignd green
chemistry. Although C(sp-H functionalization of saturated
cyclic amines provides an important tool for thentbgsis of
various nitrogen containing derivatives includihéneterocycles,
there are still many challenge for the CJgf functionalization

of them?’

Several functionalization at theposition of saturated cyclic
amines have been reported involving either actvatf thea-
C(sp)-H bond via formal oxidative addition to a transiti
metal® or oxidation by various types of oxidant into iriim
intermediates followed by reaction with a nucleophil8ut as

the B-C(sp))-H bond of unfunctionalized saturated cyclic amines o C e

is inert, their preparation requires multi steptbgsis>® The first
example of-C(sp)-H functionalization of cyclic amine was
performed upon oxidation in the presence of oxygewd
platinum catalyst, followed by Michael addition l&aglto C(3)-
substituted enamines, but with no additional hydnagen?
One approach to perform C&# functionalization involves as
the first step then situ generation of reactive enamines via
C(sp)-H activation and dehydrogenation as already shovthe
presence of iridiuAf and cobalt catalysts.Recently, the group
of Bruneau has reported an extremely interestirdyamazingly
efficient reaction that allows for the formationahew C-C bond

aldehydes as electrophile in the presence of eateacidic
additive based on hydrogen transfers (Fig. 2). Athenium
complexes were showed regioselective alkylation at @{3)
position of N-methylpiperidine via sequential dehydrogenation
under non-oxidative conditions, C-C bond formatiand final
transfer hydrogenation to produce C(3)-alkylated\-
methylpiperidine.
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Fig. 2. Ruthenium catalyzed selectivg-alkylation of N-

methylpiperidine with aldehydes.



2. Results and discussion

2.1. Preparation of Benzimidazolium Halides

The benzimidazolium chlorideda® and 1d** were

obtained as previously described in the literatuiithe
benzimidazolium halidedb, 1c, leand 1f were prepared by
reacting N-(alkyl)-benzimidazole with various alkyl halides in
DMF at 80 °C for 36 h. Benzimidazolium halidé&s, 1c, 1eand
1f are air and moisture stable both in the solidesttd in
solution. The structures of the these compounds determined
by their characteristic spectroscopic data and et¢ah analyses.
In the **C NMR spectra oflb, 1c, leand 1f compoundsthe
characteristic signals of the C(2) carborC@\WN) were detected
as typical singlets at 143.7, 143.7, 143.4 and 3l43pm,
respectively. ThéH NMR signals of the C(2j protons were
observed as sharp singlets at chemical shifts 0£21211.88,
11.72 and 10.53 ppm, respectively, idr, 1c, leand1f further
supporting the assigned structures. These NMR vates line
with those found for other benzimidazolium halidek the

3
also evidenced by their IR spectra, which showed CNdbo
absorption at 1559, 1557, 1555 and 1563 dar the respective
CN bond vibrations ofb, 1c, 1leandif.

2.2. Preparation of Ruthenium Complexes

The ruthenium(ll) complexe®a—f were obtained in 41-86 %
yields by transmetalation of the corresponding es{ily-NHC
adducts and [Ru@lp-cymene)]. The air and moisture-stable
ruthenium complexes are brown in colour and soluisle
common chlorinated organic solvents. They are fotmdbe
diamagnetic and they were fully characterised bymelgal
analysis,'H and™®C NMR, and IR spectroscopy. Their IR data
each show a band at 1403, 1407, 1415, 1401, 14134i@cm®
(Vineny) and their®C NMR spectra each display a singlets at
189.8, 191.5, 190.6, 191.9, 191.3 and 189.9 pp@HN), two
evidences of the formationof a Ru—carbene bBrithe new
compounds were prepared according to general reagéthway
depicted in Scheme 1. The analytical data are adgmreement
with the compositions proposed for all the novel poomds we

literature®® The formation of the benzimidazolium halides wasprepared, and are summarized in the Table 1.

R! R!

R!
/ / i) Ag,O / Cl
N RZ-X N ii) [RuCly(p-cymene)], N |
/> />X >7Ru
N DMF, 80 °C, 24 h N\+ CHCl, rt,24h N\ él
R? R?
la-f 2a-f
R! R X
a, n-Bu CH,Ph(OMe);-3,4,5 a
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d, CH,Ph(OMe)-3 CH,Ph(OMe)-4 cl
e. CH,Ph(OMe)-4 CH,Ph(/Bu)-4 Br
f, CH,Ph(Me);-2,3,4,56  CH,Ph(/Bu),-3,5 Br

Scheme 1Synthesis of benzimidazolium halidds(f) and ruthenium(ll) complexe2#-f).

Table 1

Physical and spectroscopic properties of new comgsu
Compound Molecular Formula  Isolated yield M.p. Vien) H(2) *H NMR C(2)¥C NMR

(%) (°C) (cm?) (ppm) (ppm)

la Cy2H2:N,OCI 78 201-203 1559 12.12 143.7
1c Cu3H23N,0CI 87 144-145 1557 11.88 143.7
le CagH20BrN,O 91 129-130 1555 11.72 143.4
1f CadHasBIN, 90 232-233 1563 10.53 143.3
2a Ca1H4dClLN,OsRU 73 262-263 1403 - 189.8
2b CaH2.ClLN,ORu 86 186-187 1407 - 191.5
2¢c CaaH26ClLN,ORu 75 193-194 1415 - 190.6
2d Ca3H3ClLN,O-RuU 67 >350 1401 - 191.9
2e C36H42ClN,ORuU 41 229-230 1413 - 191.3
2f CaaHssCILN,Ru 74 294-295 1410 - 189.9

and selective functionalization keeping intact thethyl group is
attractive. However, duringp-alkylation, the competitive

With these well-defined complexes in hand, we nextformation of exo and endecyclic iminium would result in
undertook their preliminary evaluation in oxidanéd C(sf)-H  undesired demethylation reaction through the attawk

2.3. Optimization of the Reaction ConditionsfeAlkylation

bond functionalization of saturated cyclic amineghie presence
of electrophile. On the other handy-methylated amines
represent an interesting class of biologically vecttompounds

nucleophile on the resultingxocyclic iminium3 A plausible
mechanism is depicted for give point to the rolecamphor
sulfonic acid (CSA) in Scheme 2.
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For this purpose we decided to evaluate the chafigny-
methylpiperidine material which can easily undergdrblysis of
the methyl group under hydrogen transfer conditiofbe
screening of our new ruthenium complexss 2b and 2f was
performed in toluene with benzaldehyde, in the preseof 2.5
mol% ruthenium complex at 15Q for 16 h (Table 2, Eq. 1). The
addition of formic acid at the end of the react@msure complete
conversion of the (C3)-alkylated enamine to therexponding
amines (Table 2, entries 1-5).

Scheme 2Proposed general pathway for the ruthenium catdlyze

hydrogen transfer processes for the C(3)-alkylatioh N-
methylpiperidine.

Table 2

Influence of the reaction conditions for rutheniuin¢htalyzed alkylation o-methylpiperiding.

1) [Ru] cat. (2.5 mol%)
CSA (5-10 mol%)

O ©/CHO 2) HCO,H (1-2 equiv.) O/\©
N +

(Eq. 1)
Me Toluene, 150°C, 16 h v
3a 4

Entry [Ru] CSA (mol%) HCQH (equiv.) Ratio 3a/4) Yield® (%)
1 2f 5 mol% 1.5 65/35 85

2 2f 10 mol% 1.5 75125 80

3 2f 10 mol% 2.0 100/0 92 (85§

4 2a 10 mol% 2.0 100/0 88

5 2b 10 mol% 2.0 100/0 85

#Reactions conditiongRu] cat. (2.5 mol%)N-methylpiperidine (1.5 mmol), benzaldehyde (1.0 ntoluene (1 mL), 150 °C, 16 h.

GC yields were calculated with respect to aldeHyadim the results of GC spectrometry.

CIsolated yields were shown in parentheses.

Firstly, we examined the reactivity of precatalgstin the
presence of 5 mol% CSA along with of formic acid (&%)
(HCGO,H). In this case, formation of the expectpalkylated
product3a occured but side formation of the disusbstitufed
alkylated product reached a 65:35 rati®a# (Table 2, entry 1).
To overcome the undesired formation of the dialiedaproduct
4 we next examined the influence of the CSA amounusTh
higher the catalytic loading of CSA to 10 mol% dimshed side
dialkylation reaching complete conversion and 75ra6o of
3a4 (Table 2, entry 2). Comparing entries 1 and 2,pbsitive
effect of CSA as additive was confirmed. Another etgtto
reduce side dialkylation involved the use of a damxcess of
HCO,H (2.0 eq.) to give a ratio up to 100:0 (Table 2neR).
The influence of the ruthenium complex was next stigated.
Notably, complete conversions were obtained in tresqace of
catalytic amount of complefa and 2b and the best ratio was
observed in the presence of compRa bearing two sterically
hindered benzylic side arms (Table 2, entries 4pared to 5).
The chemical characterizations of the products weegle by
NMR spectroscopy. The conversions were based onNthe
methylpiperidine by GC. We our best reaction coodgi in
hands, we next evaluated the scope of the transfiommavith
various aldehydes.

2.4.p-Alkylation of N-Methylpiperidine with Various Aldgdes

The scope of the selective C(3) alkylation reaction
starting from various aldehydes aNemethylpiperidine has been
examined (Table 3, Eg. 2N-Methylpiperidine was smoothly
converted to the desired products with various alijghand
aromatic aldehydes between 59-85% isolated yieldbl€Ta3,
entries 1-36). Indifferently aldehydes bearing elEc
withdrawing such as chloro group or electron-relgasiach as
methyl group were successfully engaged in this ir@actThe
reaction appeared to be quite general and goodtsesere
obtained from the reaction oN-methylpiperidine with p-
methylbenzaldehyde yielding up to 87% of prod@tt The
coupling of N-methylpiperidine with an electron-poor aromatic
aldehydes such as 4-chlorobenzaldehyde @ndphthaldehyde
also nicely, yields at between 65-78% and 55-75%bI€T3,
entries 13-18 and 19-24). More importantly, thectiea was not
limited to aromatic aldehydes, and aliphatic aldkdsysuch as
octanal and cyclohekzanal provided good yields i@ &b entries
25-36). When the reaction oN-methylpiperidine with an
electron-rich aliphatic aldehydes such as octandl @clohexyl
aldehyde was investigated, yields at between 80-958698-
100% (Table 3, entries 25-30 and 31-36).



5
In  conclusion, selective C(3) alkylation ofN- We believe that in the presence of electron-dondrsderically
methylpiperidine involving activation of CEpH bond via hindered NHC ligands bearing 3,54@-butylbenzyl
hydrogen transfer was efficiently catalyzed by rothem  substituent, hydrogen transfer step more readkgselace and
complex2f. We attributed these performance differences td-wel this is might be a key step.
accordance electronic and steric properties ofNRKC ligands.

Table 3
Ruthenium(ll) catalyze@-alkylation of N-methylpiperidine by using various aldehydes.

1) [Ru] cat. (2a-f) (2.5 mol%)
CSA (10 mol%)

O 2) HCO,H (2.0 equiv.) O/\R
+  RCHO (Eq. 2)

N N
l\‘/le Toluene, 150°C, 16 h I\‘/Ie
3a-f
Entry RCHO [Ru] Product Yield (%)
1 2a 88
2 2b 85
4 <::>}_CH0 2d ﬂe 76
5 2e 3a 90
6 2f 92 (85§
7 2a 87 (76§
8 2b 80
9 @CHO 2¢c O/\©\ 75
10 2d N 70
11 2e Me 3 82
12 2f 84
13 2a 76
14 2b 75
15 2¢ O/\©\ 68
16 CIQCHO 2d N Cl 65
17 2e Me o 70
18 2f 78 (697
19 2a 70
20 CHO 2b 65
21 2¢ 62
22 2d N 55
Me
23 2e 3d 69
24 2f 75 (59§
25 2a 89
26 2b O/\/\/\/\ 86
27 oI 2¢ 80
28 CHO 2d N 82
29 2e Me 5 90
30 2f 95 (75§
31 2a 99
32 2b 95
33 <:>—CHO 2c O/\O 90
34 2d E{e 91
35 2e 3f 95
36 2f 100 (85§

#Reaction conditiongRu] cat. @a-f) (2.5 mol%),N-methylpiperidine (1.5 mmol), aldehyde (1.0 mmajuene (1 mL), 150 °C, 16 h.
PGC yields were calculated with respect to aldeHyoi® the results of GC spectrometry.
‘Isolated yields were shown in parentheses.
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3. Conclusion 4.2. General Procedure for the Preparation of Bendamolium

Halides (La-f)
In summary, we have prepared a series of new

benzimidazolium halides and their corresponding newA dimethylformamide (5 mL) solution of N-(alkyl)-
ruthenium(ll) complexes. All new compounds were chermed  benzimidazole (5.0 mmol) and alkyl halide (5.0 mmulas
using different Spectroscopic and ana|ytica| teqbas stirred at 80 °C for 24 h. After Completion of trmction, the
Ruthenium complexes were tested as promising catdtys Solvent was removed by vacuum anddE(15 mL) was added to
selective B-C(sp)-H functionalization of N-methylpiperidine ~ obtain a white crystalline solid, which was filtereifl @he solid
with various aldehydes as electrophile in the presef external Wwas washed with BED (3x10 mL) and dried under vacuum. The
acidic additive based on hydrogen transfers. Thealy ~ crude product was recrystallized from EtOH@tmixture (1:2,
systems generated from ruthenium complexes wereefiient ~ V/V) and dried under vacuum.
at 2.5 mol% catalyst loading for selectivg-C(sp)-H
functionalization ofN-methylpiperidine with various aldehydes.
The ruthenium complexes were all found to be sugtalaltalysts
for this study. This catalytic reaction makes polesthe selective
introduction of a variety of substituents arisimgm aldehydes at
the C(3) position. Further studies to extend théithmadology and

effort to establish the detailed mechanism areagpess. 4.2.2. 1-(4-Methoxybenzyl)-3-(benzyl)benzimidazolicinoride
(1b)

4.2.1. 1-(n-Butyl)-3-(3,4,5-trimethoxybenzyl)benzammium
chloride (la)

This benzimidazolium chloride was synthesized adogrtb
published procedur&.

4. Experimental

(1.42 g, yield 78%)*H NMR (300 MHz, CDC}, 25°C, TMS): 6

4.1. General Methods (ppm) = 3.68 (s, 3H, C}TH4(OCH3)-4); 5.74 (s, 2H, E,CHs);
) o ~ 5.80 (s, 2H, E,CcH4(OCHy)-4); 6.79 and 7.27 (d] = 7.3 Hz,

All reactions performed to prepare the benzimidazoli 4H, arom. &1, CH,CeH4(OCHy)-4); 7.40-7.56 (m, 9H, arom g
halides and their ruthenium complexes were carrigdumder NCeH,N and CHCgHs): 12.12 (s, 1H, NEN). “C NMR (75
argon in flame-dried glassware using standard SkhlenMHZ, CDCL, 25°C, TMS): 6 (ppm) = 51.1 CH,CeHe); 51.5
techniques. Chemicals and solvents were purchased $igma- (CH,CeH4(OCHy)-4): 55.3 (CHCeH.(OCHs)-4); 113.7, 113.8,
Aldrich and Merck. Dichloromethane, dimethylformamide 114.7, 124.7, 126.9, 127.0, 128.3, 129.2, 129.4.013131.3,
toluene and diethyl ether were of anhydrous qualitd were 160.1 (arom.Cs, NCgHsN, CH,CgHs and CHCgH(OCH:)-4):

used as received. The solvents used were purifiedigtylation 143.7 (NCHN). Elemental analysis calcd. (%) for8,,CIN,O
over the drying agents indicated and were transfeueder (Mr = 364.87 g.moh): C 72.42, H 5.80, N 7.68; found (%): C
argon. All reagents were purchased from commerciaices and 75 4> 14581 N 7.69 ’ ’ '

used without further purification. Microanalyses weesformed

by Inénii University Scientific and Technological Resbkarc 4.2.3. 1-(3-Methoxybenzyl)-3-(4-methylbenzyl)benzizrutium
Center (Malatya, Turkey). IR spectra were recordedATR  chloride (Lc)

(Attenuated Total Reflection) sampling accessortharange of

400-4000 cnt  with Perkin  Elmer Spectrum 100 (1.64 g, yield 87%)H NMR (300 MHz, CDC}, 25°C, TMS):§
Spectrophotometer. Melting points were measures peno (ppm) = 2.30 (s, 3H, CeH4(CHj)-4); 3.79 (s, 3H,
capillary tubes with an Electrothermal-9200 meltipgints  CH,C¢H,(OCH,)-3); 5.84 (s, 2H, 6,CsH4(CHz)-4); 5.86 (s, 2H,
apparatus. Routiné! NMR and**C NMR spectra were recorded CH,CsH,(OCH;)-3); 6.86 and 7.04 (d, = 6.6 Hz, 2H, arom. &,
using a Bruker UltraShield 300, Bruker AscBhd00 Avance Il CH,CgH,(OCHs)-3); 7.10 (s, 1H, arom. i, CH,C¢H,(OCH;)-3);
HD and Bruker Avance 600 AMX spectrometer operatingd@; 3 7.16 and 7.40 (d] = 7.8 Hz, 4H, arom. B, CH,C¢H4(CH,)-4);
400 and 600 MHz fotH NMR, and at 75, 100 and 150 MHz for 7.27 (dd,J = 14.5, 6.6 Hz, 1H, arom.H; CH,CsH,(OCH,)-3);
*C NMR in CDC} with tetramethylsilane (TMS) as an internal 7.47-7.60 (m, 4H, arom. K, NC¢H,N); 11.88 (s, 1H, NEN).
reference. The NMR studies were carried out in higality 5 ¥C NMR (75 MHz, CDC}, 25 °C, TMS): § (ppm) = 21.2
mm NMR tubes. Chemical shift$)(and coupling constants)(  (CH,CegH4(CH5)-4); 514 CH,CgH4(CHy)-4); 51.5
are reported in ppm and in Hz, respectively. NMR iplidities (CH,CgH4(OCH)-3); 55.6 (CHCgH4(OCHy)-3); 113.8, 113.9,
are abbreviated as follows: s = singlet, d = doublettriplet, g =  114.9, 120.3, 127.0, 127.1, 128.3, 129.7, 130.0@.413131.4,
quartet, pent = pentet, hext = hextet, m = multjp]Ibl NMR 131.5, 134.3, 139.2, 160.3 (aro@s, NCgH,sN, CH,C¢H4(CHy)-4
spectra are referenced to residual protiated stdvgn= 7.26 and CHCH,(OCH;,)-3); 143.7 (NCHN). Elemental analysis
ppm for CDCY), *°C chemical shifts are reported relative to calcd. (%) for GH,aN,OCI (Mr = 378.90 g.mdl): C 72.91, H
deuteriated solventss (= 77.16 ppm for CDG). The catalytic  6.12, N 7.39; found (%): C 72.98, H 6.20, N 7.47.

solutions were analysed with an Agilent 6890N GC and

Schimadzu 2010 Plus GC-MS system by GC-FID (Flamé‘-2-4- 1-(3-Methoxybenzyl)-3-(4-methoxybenzyl)bedairoilium
lonization Dedector) with an HP-5 column of 30 m ng@.32  chloride (ld)

di t do. film thick :
mm diameter, and 0.28n film thickness This benzimidazolium chloride was synthesized adogrtb

published procedurg.



4.25. 1-(4-Methoxybenzyl)-3-(4-tert-butylbenzytbmidazol-
ium bromide {e)

(2.11 g, yield 91%)'H NMR (400 MHz, CDC}, 25°C, TMS):§
(ppm) = 1.18 (s, 9H, CieHy(C(CHs)3)-4); 3.68 (s, 3H,
CH,CeHa(OCH,)-4); 5.75 (s, 4H, @,CHi(C(CHy)s)-4 and
CH,CH4(OCHy)-4); 6.80 and 7.29 (d] = 8.3 Hz, 4H, arom. CH,
CH,C¢H4(OCH,)-4); 7.36 (d, J 8.2 Hz, 2H, arom. B,
CH,CeH,(C(CHy)s)-4); 7.40-7.44 and 7.52-7.55 (m, 6H, arom.
CH, NCsH,N and CHCH,(C(CHa))-4); 11.72 (s, 1H, NBN).
¥C NMR (100 MHz, CDGJ, 25 °C, TMS): 6 (ppm) = 31.2
(CHCeHA(C(CHy)5)-4);  34.6  (CHCeHA(C(CHy)z)-4);  51.1
(CHCeHa(C(CHs)3)-4);  51.2  CHCeH,(OCHz)-4);  55.3
(CH,CgH4(OCHy)-4); 113.8, 114.7, 124.8, 126.3, 127.0, 128.1
129.8, 130.0, 130.1, 131.3, 131.4, 152.3, 160.bngarCs,
NCgHsN, CH,CsHa(C(CH)s)-4 and CHCgH4(OCHy)-4); 143.4
(NCHN). Elemental analysis calcd. (%) fopgH,0BrN,O (Mr =
465.44 g.mof): C 67.10, H 6.28, N 6.02; found (%): C 67.12, H
6.31, N 6.04.

4.2.6. 1-(2,3,4,5,6-Pentamethylbenzyl)-3-(3,5-di-Htertylbenzyl)
benzimidazolium bromidéf)

(2.527 g, yield 90%JH NMR (300 MHz, CDC}, 25°C, TMS): 6
(ppm) = 1.26 (s, 18H, Ci€H5(C(CHa)s)-3,5); 2.25, 2.29 and
231 (s, 15H, CkC¢(CH3)s2,3,4,5,6); 585 (s, 2H,
CH,CeH3(C(CHg)3)-3,5); 5.90 (s, 2H, B,C¢(CHs)s-2,3,4,5,6);
7.15 (d,J= 1.6 Hz, 1H, arom. B, CH,CgH3(C(CHy))-3,5); 7.37
(d,J= 1.5 Hz, 2H, arom. B, CH,C¢H3(C(CH,)2)-3,5); 7.46-7.57
(m, 3H, arom. @ of benzimidazole, N§H,N); 7.61-7.64 (m,
1H, arom. & of benzimidazole, NgH,N); 10.53 (s, 1H, NEN)
ppm. °*C NMR (75 MHz, CDCJ, 25°C, TMS): ¢ = 17.0, 17.1
and 17.3 (CHC4(CHs3)s-2,3,4,5,6); 31.3 (CHCeH3(C(CH3)s)-
3,5); 34.9 (CHCeH(C(CHy))-3,5); 48.2 CHCe(CHa)s-
2,3,4,5,6); 52.1 QH,CsHs(C(CHs)s)-3,5); 113.6, 113.7, 121.9,
122.9, 125.1, 126.8, 127.0, 131.6, 131.7, 132.8.5,3134.0,
152.0 (arom. Cs, NCgH,N, CH,C4(CH;)s-2,3,4,5,6 and
CH,CeH3(C(CHg))-3,5); 143.3 (NCHN). Elemental analysis
calcd (%) for G4HssBrN, (Mr = 561.65 g.mc‘ﬂ): C 7271, H
8.08, N 4.99; found (%): C 72.84, H 8.11, N 5.04.

4.3. General Procedure for the Preparation of thethRaium
Complexesda-f)

A solution of benzimidazolium halide (1.0 mmol), Ay (0.5
mmol), and activated 4 A molecular sieves in anhydr6HCl,
(20 mL) was stirred room temperature for 20 h ie thark
conditions. The reaction mixture was filtered througelite, and
the solvent was removed under reduced pressure.inTisgu
prepared silver(l)-NHC complex was reacted with [R(E&I
cymene)} dimer (0.5 mmol), and the mixture was allowed to sti
for 4 h at room temperature. The solution was #itethrough
Celite, and the solvent was removed under vacuuaffeod the
product as a red-brown powder. The crude product wateda
with ELO (3x5 mL), dried under vacuum and recrystallizexirfr
CH,CI/EO (1:2,VvIV).

4.3.1. Dichloro-[1-(n-butyl)-3-(3,4,5-trimethoxybefjbgnzimid-
azol-2-ylidene](p-cymene)ruthenium(I1Ba)

sbenzimidazole,

7
(0.482 g, yield 73%)H NMR (300 MHz, CDC}, 25°C, TMS):
o (ppm) = 1.04 (tJ) = 7.3 Hz, 3H, CHCH,CH,CH,); 1.28 (d,J =
6.9 Hz, 6H, CH(®l3), of p-cymene); 1.65 (m, 2H,
CH,CH,CH,CH,); 2.02 (s, 3H, E; of p-cymene); 1.92-1.94 and
2.23-2.25 (m, 2H, CKCH,CH,CHy); 2.98 (heptJ = 6.9 Hz, 1H,
CH(CHa), of p-cymene); 3.73 and 3.85 (s, 9H, €H,(OCH,)4-
3,4,5); 4.39-4.41 and 5.00-5.02 (m, 2H{LH,CH,CHz); 5.05-
5.09 (m, 2H, E,C¢H,(OCH;)s-3,4,5); 5.38-5.48, 5.83-5.89 and
6.16-6.29 (m, 4H, arom. K of p-cymene); 6.40 (s, 2H, arom.
CH, CH,CsH,(OCH;)5-3,4,5); 7.10-7.20 (m, 2H, arom.HCof
benzimidazole, N@1,N); 7.26-7.31 (m, 1H, arom. K of
benzimidazole, NgH,N); 7.49 (d,J = 8.1 Hz, 1H, arom. B of
benzimidazole, NgH,N); 7.26-7.31 (m, 1H, arom. KC of
NgH.N) ppm. *C NMR (75 MHz, CDCJ, 25
°C, TMS): ¢ 14.0 (CHCH,CH,CHy); 18.7
(CH3CgH4(CH(CH3),)-4);  20.4  (CHCH,CH,CHj); 21.6
(CH3CeHa(CH(CHy)2)-4); 30.7 (CHCeHA(CH(CHs)y)-4); 32.4
(CH,CH,CH,CH); 50.2 (CH,CH,CH,CH;); 53.0 and 53.5
(CH,CgH,(OCH;)5-3,4,5); 56.3 and 61.0 (CGHBgH,(OCHs)s
3,4,5); 83.5, 84.4, 85.2 and 86.9 (s, arGsof p-cymene); 99.2,
103.7, 109.2, 110.9, 111.8, 122.9, 123.0, 133.5.113135.8,
153.6 (arom.Cs, NCgH,N and CHCgH,(OCH;)s-3,4,5); 189.8
(Ru-Ccamend- Elemental analysis calcd (%) for:8,4,Cl.N,OsRu
(Mr = 660.64 g.moh): C 56.36, H 6.10, N 4.24; found (%): C
56.40, H 6.12, N 4.25.

4.3.2. Dichloro-[1-(4-methoxybenzyl)-3-(benzyl)bendamble-2-
ylidene](p-cymene)ruthenium(lI2If)

(0.545 g, yield 86%)*H NMR (600 MHz, CDCJ, 25°C, TMS):

J (ppm) = 1.20 (dJ = 6.9 Hz, 6H, CH(El5), of p-cymene); 1.91
(s, 3H, (H;of p-cymene); 2.77 (h) = 6.9 Hz, 1H, EI(CH,), of
p-cymene); 3.80 (s, 3H, GBsH,(OCH5)-4); 5.07 (dJ=5.9 Hz,
2H, CH,CgHs); 5.37 (d,J = 5.8 Hz, 2H, E1,CsH4(OCH,)-4); 5.85
(t, J=14.7 Hz, 2H, arom. B of p-cymene); 6.35 and 6.55 (@=
16.8 Hz, 2H, arom. B of p-cymene); 6.87-7.37 (m, 13H, arom.
CH, NCsH.N, CH,CsHs and CHCgH4(OCHy)-4). °C NMR (150
MHz, CDCk, 25 °C, TMS): ¢ (ppm) 18.4
(CH3CeHa(CH(CHa)2)-4); 22.6  CH3CeHi(CH(CHg)z)-4); 31,0
(CH3CgH4(CH(CHz),)-4); 52.7 CH,CeHs); 53.0
(CH,CeHa(OCHy)-4); 55.4 (CHCsH4(OCH,)-4); 84.3, 84.4, 85.6,
85.7 (aromCs of p-cymene); 97.3, 108.4, 111.6, 111.7, 111.8,
114.3, 123.0, 123.1, 126.0, 127.3, 129.4, 135.%.613137.5,
158.9 (arom.Cs, NC¢H,N, CH,CsHs and CHCH4(OCHy)-4);
1915 (RuC.upend- Elemental analysis calcd. (%) for
CsoH3ClLN,ORU (Mr = 634.61 g.md): C 60.56, H 5.40, N 4.41;
found (%): C 60.59, H 5.46, N 4.47.

4.3.3. Dichloro-[1-(3-methoxybenzyl)-3-(4-methylbe)imihz-
imidazole-2-ylidene](p-cymene)ruthenium(2g)

(0.486 g, yield 75%)H NMR (600 MHz, CDC}, 25°C, TMS):
J (ppm) = 1.11 (dJ = 6.9 Hz, 6H, CH(El5), of p-cymene); 1.83
(s, 3H, GH; of p-cymene); 2.27 (s, 3H, GB¢H4(CH5)-4); 2.66
(h, J = 6.9 Hz, 1H, G©I(CHs), of p-cymene); 3.70 (s, 3H,
CH,CeH4(OCH5)-3); 5.03 (d,J = 5.2 Hz, 2H, CHCH4(CH2)-4);
5.29 (d,J = 5.6 Hz, 2H, CHC:H,(OCH)-3); 5.68 (t,J = 19.2 Hz,
2H, arom. ® of p-cymene); 6.42 and 6.51 (d= 16.8 Hz, 2H,
arom. GH of p-cymene); 6.58-7.21 (m, 12H, aromHCNGsH,N,
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CH,CeH4(CHy)-4 and CHCgH4(OCHy)-3). *C NMR (150
MHz, CDCL, 25 °C, TMS): 6 (ppm) = 17.3
(CHsCH4(CH(CH3),)-4);  20.8  (CHCgH4(CHs)-4); 215
(CH3CeH4(CH(CHg)p)-4); 29,6 (CHCeHA(CH(CH),)-4); 51.8
(CH,CgH,(CHy)-4) and CH,CsH,(OCHy)-3); 54.3
(CH,CgH4(OCHy)-3); 83.9, 84.0, 84.2, 84.4 (arofds of p-
cymene); 95.9, 107.0, 110.6, 110.7, 110.8, 11117, 11 121.1,
122.2, 124.8, 128.6, 129.0, 133.4, 134.5, 134.6.113138.2,
158.1 (arom. Cs, NCgHN, CH,CgH4(CH3)-4  and
CH,CeH4(OCH,)-3); 190.6 (RuUC.amend- Elemental analysis
calcd. (%) for GsHzClLN,ORu (Mr = 648.63 g.md): C 61.11,
H 5.59, N 4.32; found (%): C 61.19, H 5.66, N 4.37.

4.3.4. Dichloro-[1-(3-methoxybenzyl)-3-(4-methoxyb8benz-
imidazole-2-ylidene](p-cymene)ruthenium (g

(0.445 g, yield 67%)H NMR (300 MHz, CDC}, 25°C, TMS):
J (ppm) = 1.13 (dJ = 6.6 Hz, 6H, CH(El,), of p-cymene); 1.87
(s, 3H, M of p-cymene); 2.73 (h) = 6.9 Hz, 1H, EGI(CH,), of
p-cymene); 3.71 (s, 6H, GBgH4OCH5)-3 and
CH,CeH4(OCH5)-4); 4.98 (d,J = 5.9 Hz, 2H, E1,CeH4(OCHy)-
3); 5.31 (d,J = 5.9 Hz, 2H, E,CsH(OCHg)-4); 5.61-6.57 (m,
4H, arom. @& of p-cymene); 6.60-7.25 (m, 12H, aromHC
NCeH,N, CH,CeH4(OCH,)-3 and CHCgH4(OCHy)-4). *C NMR
(75 MHz, CDCL 25 °C, TMS): § (ppm) = 185
(CH3CeHa(CH(CHa)2)-4); 22.5 CH3CeHi(CH(CHg)z)-4); 30,7
(CH3CeH4(CH(CHg))-4); 52.9  CH,CgH4(OCH;)-3  and
CH,CeH4(OCHy)-4); 55.3 (CHCgH4(OCH»)-3 and
CH,C¢H4(OCH5)-4); 83.6, 84.0, 85.8, 86.1 (aror@s of p-
cymene); 97.5, 108.6, 111.6, 112.0, 112.6, 1183,2 123.4,
127.8, 129.0, 130.1, 133.3, 133.4, 135.2, 135.4.8,3139.2,
160.1 (arom. Cs, NCgHuN, CH,CsH4(OCH;)-3 and
CH,CeH4(OCHg)-4); 1919 (RuC.amend- Elemental analysis
calcd. (%) for GHz¢ClLN,O.Ru (Mr = 664.63 g.mc‘ﬂ): C 59.64,
H 5.46, N 4.21; found (%): C 59.67, H 5.48, N 4.26.

4.3.5. Dichloro-[1-(4-methoxybenzyl)-3-(4-tert-busgtizyl)benz-
imidazole-2-ylidene](p-cymene)ruthenium (g

(0.283 g, yield 41%)*H NMR (600 MHz, CDCJ, 25°C, TMS):
J (ppm) = 1.18 (dJ = 6.9 Hz, 6H, CH(El,), of p-cymene); 1.31
(s, 9H, CHCgH4(C(CH5)3)-4); 1.90 (s, 3H, E; of p-cymene);
2.72 (h,J = 6.9 Hz, 1H, Ei(CH,), of p-cymene); 3.80 (s, 3H,
CH,CH4(OCH9)-4); 5.07 (d, J = 193 Hz, 2H,
CH,CeH4(C(CHy)3)-4); 536 (d, J = 19.2 Hz, 2H,
CH,CeH4(OCH;)-4); 5.72, 5.85, 6.36 and 6.59 @@= 16.2 Hz,
4H, arom. &1 of p-cymene); 7.06-7.37 (m, 12H, aromHC
NCsHaN, CH,CsH,(C(CHs)s)-4 and CHCsH.(OCHy)-4). **C
NMR (150 MHz, CDCJ, 25 °C, TMS): § (ppm) = 18.4
(CHsCeH4(CH(CHa),)-4); 22.8 CH3CeHA(CH(CH),)-4); 31,0
(CH3CeH4(CH(CHy),)-4);  31.4  (CHCeH4(C(CHy)s)-4); 34.6
(CH,CeHa(C(CHs)3)-4);  52.5  (CGH,CeHu(C(CHs)a)-4);  52.6
(CH,CeH4(OCHg)-4); 55.4 (CHCsH4(OCHs)-4); 84.4, 84.6, 85.9,

86.0 (aromCs of p-cymene); 97.4, 107.8, 111.7, 111.8, 114.3,

123.0, 123.1, 125.5, 125.8, 127.3, 129.4, 134.4.53135.7,
150.5, 158.9 (aromCs, NCgHiN, CH,CsHs(C(CHy)z)-4 and

calcd. (%) for GgH4.ClLN,ORu (Mr = 690.72 g.md1): C 62.60,
H 6.13, N 4.06; found (%): C 62.63, H 6.15, N 4.06.

4.3.6. Dichloro-[1-(2,3,4,5,6-pentamethylbenzyl)-3B(di-tert-
butylbenzyl)benzimidazol-2-ylidene](p-cymene)rutheil) (2f)

(0.582 g, yield 74%JH NMR (300 MHz, CDCJ, 25°C, TMS): §
(ppm) = 1.26 (s, 18H, Ci€Hs(C(CHs)3)-3,5); 1.28 (dJ = 6.9
Hz, 6H, CH(QH5), of p-cymene); 2.07 (s, 3H, K3 of p-cymene);
2.20, 2.30 and 2.34 (s, 15H, gE4(CH3)s-2,3,4,5,6); 2.82 (hept,
J=6.9 Hz, 1H, Gi(CHy), of p-cymene); 5.32 (d) = 5.2 Hz, 2H,
CH,C¢H3(C(CHg)3)-3,5); 5.38 (dJ = 5.3 Hz, 2H, E1,C¢(CHy)s-
2,3,4,5,6); 5.30-5.72 (m, 3H, aromH®f p-cymene); 6.19 (d)
= 8.4 Hz, 1H, arom. B of p-cymene); 6.86 and 7.31 (s, 3H,
arom. G4, CH,CgH3(C(CHg))-3,5); 6.76-6.81 (m, 2H, arom.HC
of benzimidazole, NgH,N); 6.94-7.04 (m, 2H, arom. K of
benzimidazole, NgH,N) ppm.**C NMR (75 MHz, CDCJ, 25
°C, TMS):6 = 16.7, 17.1 and 17.3 (GBs(CH3)s-2,3,4,5,6); 18.5
(CH3CeH4(CH(CHa),)-4); 22.3  CH3CeHA(CH(CH),)-4); 30.9
(CH3CeH4(CH(CH),)-4); 31.4 (CHCeH3(C(CH3)3)-3,5); 34.9
(CH,CeH3(C(CH3)3)-3,5); 52.6 CH,C¢(CH)s-2,3,4,5,6); 53.5
(CH,CeH3(C(CHs)3)-3,5); 84.5, 85.4, 85.5 and 86.0 (ar@s of
p-cymene); 96.0, 107.0, 111.2, 111.8, 119.7, 121p8,3, 122.6,
129.4, 135.5, 135.6, 136.9, 151.4 (aror@s, NCgHiN,
CH,C¢(CH5)s-2,3,4,5,6 and CKCsH3(C(CHs)2)-3,5); 189.9 (s,
Ru-C_apend- Elemental analysis calcd (%) fogHs:ClLN,Ru (Mr
= 786.93 g.m(ﬂ): C 67.16, H 7.43, N 3.56; found (%): C 67.24,
H7.47, N 3.57.

4.4. General Procedure for the Preparation of Cydfimines
(3a-f)

To a stirred solution oN-methylpiperidine (1.5 mmol) was
added aldehyde derivatives (1.0 mmol). Subsequeuathenium
complexe2a-f (2.5 mol%) were added and then sealed Schlenk
tube was stirred in at 15C (oil bath temperature) for 16 h. After
the reaction mixture was cooled down and then HHC(2.0 eq.)
was added and stirring continued at £@for 1 h. The crude
mixture was directly taken for GC analysis and pedfiby
column chromatography (CHZMeOH) to afford the C(3)-
alkylatedN-methylpiperidine derivative3a-f.

4.4.1. 3-Benzyl-N-methylpiperidingal

'H NMR (600 MHz, CDC}, 25°C, TMS): 6 (ppm) = 7.38-7.12
(m, 5H); 2.87 (t, 2H,) = 7.0 Hz); 2.54 (d, 2H] = 7.1 Hz); 2.31
(s, 3H); 1.99-1.95 (m, 2H); 1.97-1.90 (m, 1H); 1.7621(m,
2H); 1.02-0.85 (m, 2H)**C NMR (150 MHz, CDGJ, 25 °C,
TMS): 6 (ppm) = 24.6, 29.5, 36.9, 40.7, 45.6, 55.7, 6126.1,
128.4, 129.1, 139.4. Elemental analysis calcd. f#)C,3HioN
(Mr = 189.20 g.mol): C 82.48, H 10.12, N 7.40; found (%): C
82.50, H 10.13, N 7.41.

4.4.2. 3-(4-Methyl)benzyl-N-methylpiperidir8b)

'H NMR (600 MHz, CDCJ, 25°C, TMS): & (ppm) = 7.15-7.03
(s, 4H); 2.87 (t, 2H) = 7.2 Hz); 2.50 (d, 2H] = 7.2 Hz); 2.34 (s,

CH,CsH,(OCH,)-4); 191.3 (RUEmend- Elemental analysis 3H); 2.33 (s, 3H); 2.08-1.93 (m, 2H); 1.83-1.71 (m, 2H)70-

1.63 (m, 2H); 1.01-0.86 (m, 2HYC NMR (150 MHz, CDCJ, 25



°C, TMS): ¢ (ppm) = 21.0, 24.1, 29.3, 36.7, 40.2, 45.5, 55.73.
61.0, 128.9, 129.0, 135.7, 135.9. Elemental amalyalcd. (%)
for CiHN (Mr = 203.20 g.motl): C 82.70, H 10.41, N 6.89;
found (%): C 82.71, H 10.43, N 6.88. 5.

4.4.3. 3-(4-Chloro)benzyl-N-methylpiperidirge) 6.

'H NMR (600 MHz, CDC}, 25°C, TMS): § (ppm) = 7.28 (dd,
2H,J = 11.6 Hz); 7.08 (d, 2H] = 8.1 Hz); 2.85 (t, 2H] = 7.8

Hz); 2.50 (d, 2HJ = 7.1 Hz); 2.34 (s, 3H); 2.04-1.83 (m, 2H);
1.81-1.66 (m, 1H); 1.65-1.56 (m, 2H); 1.04-0.92 (rk).2"°C
NMR (150 MHz, CDC}, 25°C, TMS): 6 (ppm) = 24.8, 29.8,
37.4, 40.2, 46.1, 56.0, 61.4, 128.3, 130.3, 13138,3 (aromCs

of CH,CH,CH,CHCH,N(CHz)-3-CH,(C¢H,)-4-(Cl)). Elemental 7.
analysis calcd. (%) for GH;gNCI (Mr = 223.10 g.mol): C 8.
69.79, H 8.11, N 6.26; found (%): C 69.81, H 8.13, RB6.

4.4.4. 3-(Naphtholen-3-yl)methyl-N-methylpiperidi@d) (

'"H NMR (600 MHz, CDC}, 25°C, TMS)§ 7.90-7.25 (m, 7H),
5.32 (s, 1H), 2.91 () = 7.0 Hz, 2H), 2.72 (dJ = 6.9 Hz, 2H),
2.34 (s, 3H), 2.10-2.0 (m, 2H), 1.92-1.60 (m, 3H)511001 (m,
2H). *C NMR (150 MHz, CDGJ, 25°C, TMS) & 136.2, 133.4,
132.2, 128.1, 127.6, 127.4, 127.3, 126.0, 125.4,85.5, 45.1,
40.6, 36.1, 29.1, 23.7. Elemental analysis cdpq.for CgH,;N
(Mr = 263.20 g.mol): C 86.64, H 8.04, N 5.32; found (%): C
86.65, H 8.06, N 5.33.

4.4.5. 3-(Octyl)-N-methylpiperidin@¢)

'"H NMR (600 MHz, CDCJ, 25°C, TMS):5 (ppm) = 2.89 (dJ =
8.0 Hz, 2H), 2.33 (s, 3H), 1.99-1.65 (m, 7H), 1.29-1h8 12H),
0.87 (t, 3H,J = 8.0 Hz); 0.85-0.78 (m, 2H})’C NMR (150 MHz,
CDCl,, 25°C, TMS):6 (ppm) = 14.0, 22.6, 24.1, 26.4, 35.0, 55.8,
29.2, 29.4, 29.5, 29.7, 31.8, 34.2, 45.4, 61.4mElgal analysis
calcd. (%) for GHogN (Mr = 211.20 g.mat): C 79.55, H 13.83,
N 6.63; found (%): C 79.57, H 13.85, N 6.65.

4.4.6. 3-(Cyclohexyl)-N-methylpiperidin@f)

'H NMR (600 MHz, CDCJ, 25°C, TMS):J (ppm) = 2.91 (t,
J=7.2 Hz, 2H), 2.36 (s, 3H), 1.82-1.64 (m, 11H), 10&@K,J= 12,
7.0 Hz); 1.34-1.13 (m, 5H), 0.93-0.77 (m, 2H)C NMR (150  13.

MHz, CDCL, 25°C, TMS): § (ppm) = 24.3, 26.2, 26.3, 26.5,

30.0, 32.1, 33.4, 33.7, 34.2, 42.2, 45.6, 55.886Elemental %

analysis calcd. (%) for GH,sN (Mr = 195.20 g.mel): C 79.93,

Appendix A. Supplementary data

Supplementary data related to this article carobed at
https://
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* A series of new benzimidazolium halides (1a-f) as N-heterocyclic carbene (NHC) ligand precursors
and their corresponding new ruthenium(ll) complexes (2a-f) with general formula

[RuCl,(arene)(NHC)], (arene = 5°-p-cymene) were synthesi zed.

 All new compounds were fully characterized by anaytical and spectral methods.
* Ruthenium(ll) complexes were tested as promising catayst for selective B-C(sp®)-H

functionalization of N-methylpiperidine with various aldehydes through hydrogen transfers in

presence of external acidic additive.



