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Abstract

Two benzimidazolium moieties linked by one or two xylyls (m- and p-) have been synthesized, characterized and then they
were used for Heck coupling reactions as in situ formed catalysts. Mono bridged salts are more efficient as compared to bisbridged
salts. In addition, mono bridged salts were converted to Rh—-NHC complexes which were tested as catalysts for the arylation of

aldehydes.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Recent studies have shown that N-heterocyclic carbenes
(NHC’s) are important ligands in metal catalyzed reactions
and the electronic and steric effects of the NHC have a
great influence on the performance of the reaction which
occurs at the metal center [1]. Thus, a number of new
NHC ligands are reported every year. The main body of
information has been accumulated on imidazol-2-ylidene
based NHC'’s, whereas their corresponding benzannulated
counterpart are relatively unexplored [2]. As a matter of
fact, benzimidazol-2-ylidenes have structures reminiscent
of imidazol-2-ylidenes, but spectroscopic properties and
reactivity which are close to saturated imidazol-2-ylidenes
[3,4].

The transition metal complexes of NHC ligands bearing
alkylated benzyl substituents on the N atom(s) of hetero
rings (I) are found to be more efficient catalysts than the
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simple benzyl substituted ones in C-C bond formation
reactions [5]. In addition, the aryl part of such NHC
ligands attached to the Ru atom (II) are prone to displace
the other arene groups to form an intramolecular arene

(1) [6].

A N Dy o
i '[ >—MLn : J: Ru - = i
S PN S /N arene L A

Therefore, the main objective of this study is to investi-
gate the influence of polymethylated benzyls in the form of
m- and o-xylyls in bimetallic systems bearing benzimidazole
framework. The bisbridged salts are known as cyclo-
phanes, and many related cyclophanes have been studied
by Baker et al. [7] and others [8].
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2. Results and discussion

2.1. Preparation of the 3,3'- and 1,1',3,3'-bridged
bibenzimidazolium precursors

As mentioned in the introduction, the main aim of this
study was the attachment of sterically bulky m- or p-xylyl
groups between two benzimidazoles via the N atom(s).
The salts of general structure 1/1, 2/2', 5/5, 6/6', and
7/7" were synthesized according to Scheme 1. The introduc-
tion of the xylyl substituents into the benzimidazole system
was achieved by direct alkylation in toluene. The resulting
1,1’-bridged bibenzimidazoles (3 and 4) can be alkylated to
give 1/1" and 2/2, respectively. The salts with two bridges
(5/5' and 7/7') are also easily accessible and can be obtained
by the usual quaternization of 1,1’-bridged bibenzimidaz-
oles. In the case of 6/6' the cross quaternization method
was employed. There was no significant difference in total
yield in connection with the method.

The IR data for benzimidazolium salts (1-2; 1'-2)
clearly indicate the presence of the -C=N- group with a
v(C=N) vibration between 1558 and 1562cm™' [9]
(Scheme 2).

These benzimidazolium salts have been characterized by
"H and '>C NMR spectroscopy. '"H NMR chemical shifts
were consistent with the proposed structures; the reso-
nances for C,-hydrogens were observed as sharp singlets
between 9.51 and 10.86 ppm. '*C NMR of these salts
showed the C, carbon at 140.4-142.2 ppm.

2.2. Synthesis of di-bridged bibenzimidazolium salts, I1
(5-7')

The di-bridged benzimidazoles were synthesized by N-
alkylation of mono-bridged (5,6-dimethyl)benzimidazole
with the corresponding m- or p-dibromides in toluene at
reflux. These salts were purified by recrystallization from
methanol.
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Scheme 1. Alkylation and quaternization of benzimidazoles with A, B or R-Br.
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The IR data for symmetrical di-bridged benzimidazoles
(5,5,7,7) clearly indicate the presence of the —C=N-
group with a uv(C=N) vibration between 1546 and
1573 cm™ !

The 'H NMR spectrum of the metacyclophanes dis-
played the methyl protons as an 18 proton singlet at about
0 = 1.54; 2.43 ppm. The N-methylene protons appeared as
doublets at about ¢ =5.49; 5.80 ppm. The C,—H signals
were observed at approximately 6 = 7.20 ppm. The '*C
NMR showed the C, carbon at 140.9 ppm.

The 'H NMR spectrum of the paracyclophanes showed
the methyl protons as a singlet at 2.10 ppm. The benzylic
protons appeared as a singlet at 5.73-5.81 ppm. The reso-
nances for the C,-hydrogens were observed as singlets
between 6.22 and 7.23 ppm. The '*C NMR of paracyclo-
phanes showed the C, carbon at 136.7, 137.9 ppm.

The 'H and '*C NMR spectra of the unsymmetrical di-
bridged benzimidazoles were recorded in CD;OD. The
C,-H signals were observed at very high field (6.45-
6.67 ppm) as singlets. It is proposed that these protons
are directed towards cyclophane cavity. However, in spite
of their high field signals, these hydrogens are reactive
enough to react with basic metal salts such as [Rh(p-
OMe)(COD)J],. The benzylic protons appeared as multiplet
between 5.44 and 6.05 ppm. In the '*C NMR the C, carbon
appeared between 141.8 and 141.9 ppm. The IR data show
the presence of the -C=N- group with a v(C=N) vibration
between 1563 and 1569 cm ™.

2.3. The Heck C-C coupling reaction

The coupling reactions of aryl halides with olefins are
usually carried out homogenously in the presence of a base
under inert atmosphere. It was noted that in situ formation
of the azolium salt led to significantly better results than
the use of the preformed complex.

We found that use of 3% Pd(OAc),, 3% ligand and
1.5 mmol Cs,CO3 in DMA at 100 °C led to the best conver-
sion within 3 h. Under the optimised reaction conditions,
we investigated the reaction of aryl halides with n-butyl
acrylate and observed that the reactions at 100 °C gave
coupling products in good yields (62-100%). The results
obtained are summarized in Table 1.

We noted that the NHC precursors bearing methoxyethyl
groups (1a, 1'a, 2a, 2'a) were the most effective of the salts
examined. We expected that activities of these salts would
increase in the following order: pentamethylbenzyl (i)
(1d, 1'd, 2d, 2'd) > tetramethylbenzyl (ii) (1e, 1'c, 2c,
2'c) > trimethylbenzyl substituent (iii) (1b, 1'b, 2b, 2'b).
However, the catalytic activity increases in the sequence
1> 1ii > ii, indicating the influence of the p-substituent. In
addition, benzimidazolium salts bearing methyl groups on
the 5,6-positions of the benzene ring have also shown better
catalytic activity than nonsubstituted counterparts. These
observations are consistent with the previous reports[1¢c,10].

2.4. Synthesis of rhodium—carbene complexes and their
catalytic activity for arylation of aldehydes

Rhodium-carbene complexes and their catalytic activity
have been studied by various researchers [11,12]. In the
rhodium catalyzed addition of aryl boronic acids to alde-
hydes to give secondary alcohols, the reactions were facili-
tated by the presence of an electron-withdrawing group on
the aldehyde and an electron donating group on the aryl-
boronic acid. This observation indicates that the mecha-
nism involves a nucleophilic attack of the aryl group on
the aldehyde [13-15].

The Rh(I)-NHC complexes synthesized in this study
showed differences in their behaviour as catalyst for aryla-
tion of various aromatic aldehydes. Of the four complexes,
the complex 8a, containing 2-methoxyethyl substituent on
N! atom, was the most efficient. As was observed in the
Heck reactions (Table 1).

2.4.1. General procedure for rhodium—carbene catalyzed
addition of phenylboronic acid to aldehydes

Phenylboronic acid (1.20g, 9.8 mmol), KOBuU’
(4.9 mmol), the substituted aldehyde (4.9 mmol), diethyl-
eneglycol-di-n-butyl ether (0.6 mmol, internal standard)
rhodium-carbene catalyst (1 mol%) and dimethoxyethane
(15 mL) were introduced in to a two-necked 25 mL flask
and then H,O (5mL) was added. The resulting mixture
was heated for 1h at 80 °C under an argon atmosphere.
The conversion was monitored by gas chromatography
(Table 2).
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Table 1

The Heck reaction catalyzed by in situ formed (LHX + Pd(OAc),)

Q COOBu

Pd(OAc), / LXH

Cs,CO,, DMA, 100°C,3 h
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O:S ::: _—COOBu
/

Entry LXH Aryl Halide Olefin Yield (%)
1 la 4-Bromoacetophenone n-Butyl acrylate 98
2 1b 4-Bromoacetophenone n-Butyl acrylate 90
3 1c 4-Bromoacetophenone n-Butyl acrylate 80
4 1d 4-Bromoacetophenone n-Butyl acrylate 94
5 2a 4-Bromoacetophenone n-Butyl acrylate 96
6 2b 4-Bromoacetophenone n-Butyl acrylate 88
7 2c 4-Bromoacetophenone n-Butyl acrylate 82
8 2d 4-Bromoacetophenone n-Butyl acrylate 91
9 1a 4-Bromoacetophenone n-Butyl acrylate 100
10 1b 4-Bromoacetophenone n-Butyl acrylate 92
11 1ec 4-Bromoacetophenone n-Butyl acrylate 88
12 1d 4-Bromoacetophenone n-Butyl acrylate 96
13 2'a 4-Bromoacetophenone n-Butyl acrylate 100
14 2'b 4-Bromoacetophenone n-Butyl acrylate 91
15 2'c 4-Bromoacetophenone n-Butyl acrylate 83
16 2'd 4-Bromoacetophenone n-Butyl acrylate 92
17 5 4-Bromoacetophenone n-Butyl acrylate 70
18 7 4-Bromoacetophenone n-Butyl acrylate 67
19 5 4-Bromoacetophenone n-Butyl acrylate 73
20 7 4-Bromoacetophenone n-Butyl acrylate 67
21 6 4-Bromoacetophenone n-Butyl acrylate 75
22 6 4-Bromoacetophenone n-Butyl acrylate 83
23 la 4-Bromoanisole n-Butyl acrylate 78
24 1b 4-Bromoanisole n-Butyl acrylate 68
25 1c 4-Bromoanisole n-Butyl acrylate 62
26 1d 4-Bromoanisole n-Butyl acrylate 75
27 2a 4-Bromoanisole n-Butyl acrylate 77
28 2a 4-Bromoacetophenone Styrene 88
29 2'a Bromobenzene n-Butyl acrylate 80

Abbreviation: LXH = benzimidazolium salts; DMA = N,N-dimethylacetamide.

Reaction conditions: 9.8 mmol of phenylboronic acid, 4.9
mmol aldehydes, 1.0 mmol% rhodium-carbene, 4.9 mmol
KOBU/, dimethoxyethane (15 mL), H,O (5 mL); GC-yield
using diethyleneglycol-di-n-butyl ether as the internal stan-
dard; temperature 80 °C, 1 h.

3. Conclusions

In conclusion, in this study, mono- and bis-xylyl-bridged
bibenzimidazolium bromides (1, 7) were synthesized and
their in situ catalytic activities were tested for Heck reac-
tions. The Heck coupling reactions were performed
between aryl halides with n-butyl acrylate in the presence
of the salts and Pd(OAc), in DMA at 100 °C.

The mono-bridged bisbenzimidazolium salts bearing a
methoxyethyl substituent on the N atom (1'a, 2'a) are
the most effective of the salts examined. Catalytic activity
increased in the sequence: (i) > (iii) > (ii). Benzimidazoli-
um salts bearing methyl groups on the 5,6-positions have
also shown a better activity as compared to nonsubstitut-
ed ones. On the other hand, meta bridged bisbenzimidazo-
lium salts showed better catalytic activity in comparison

to para bridged bisbenzimidazolium salts. In addition,
unsymmetrical cyclophanes gave better results than sym-
metrical ones.

The complexes 8 displayed differences in their behaviour
as catalysts for arylation of aldehydes.The complexes with
N-(2-methoxyethyl) substitution showed higher activities
then the complexes with N-benzyls. The general activity
trend is as follows: a>d>c>b.

4. Experimental

2,4,6-Trimethylbenzyl bromide, 2,3,5,6-tetramethylben-
zyl bromide, 2,3.,4,5,6-pentamethylbenzyl bromide, 1,3-bis-
(bromomethyl)-2,4,6-trimethylbenzene,  1,4-bis(brometh-
y1)-2,3,5,6-tetramethylbenzene [13], 1,3-bis(benzimidazol-
1-ylmethyl)-2,4,6-trimethylbenzene and 1,4-bis(benzimidazol-
1-ylmethyl)-2,3,5,6-tetramethylbenzene [14], 1-alkyl-5,6-
dimethylbenzimidazoles [15] were synthesized according
to the methods previously known. All reagents were pur-
chased from Merck, Fluka, Alfa Aesar and Acros Organ-
ics. Melting points were recorded with Gallenkamp
electrothermal melting point apparatus.
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Table 2
Rhodium—carbene catalyzed addition of phenylboronic acid to aldehydes

o OH
Il base, 8 |
B(OH), + CH —MM > ‘c
R} H R,

Entry 8 R, Yield %
1 a 3,4,5-(OCHj3); 93
2 b 3,4,5-(OCHj;); 90
3 c 3,4,5-(OCHj;); 90
4 d 3,4,5-(OCHs;); 91
5 a 2,4,6-(CHs)3 97
6 b 2,4,6-(CHs)3 92
7 c 2,4,6-(CHj3); 94
8 d 2,4,6-(CHs); 93
9 a 4-Cl 96
10 b 4-Cl 88
11 c 4-Cl 94
12 d 4-Cl 95
13 a 4-OCH; 96
14 b 4-OCH; 88
15 c 4-OCH; 91
16 d 4-OCH; 94

"H NMR and ">C NMR spectra were recorded with a
Varian AS 400 Mercury instrument. As solvents CDCls,
CD;0D and ds-DMSO were employed. Chemical shifts
(0) are given in ppm, coupling constants (J) in Hz. FTIR
Spectra were recorded on a Perkin Elmer Spectrum 100
series.

4.1. General procedure

4.1.1. Preparation of monoxylyl linked
bis(benzimidazolium) bromides 1,2

1-Alkyl-(5,6-dimethyl)benzimidazole (2.0 mmol) was
dissolved in toluene and then 1,3-bis(bromomethyl)-2,4,6-
trimethylbenzene or 1,4-bis(bromomethyl)-2,3,5,6-tetram-
ethylbenzene (1.0 mmol) was added. The mixture was
refluxed for 4 h. The solid that separated out after cooling
was filtered off and washed with diethyl ether (5 mL). The
product was recrystallized from CH,Cl,/Et,0.

Meta bridged bibenzimidazolium salts (1a-d) were syn-
thesized by a similar method but with stirring at room tem-
perature for 24 h.

4.1.2. Preparation of bisxylyl linked bis(benzimidazolium)
bromides (5, 6, 7)

1,3-Bis(5,6-dimethyl)benzimidazol-1-ylmethyl-2,4,6-tri-
methylbenzene or 1,4-bis(5,6-dimethyl)benzimidazol-
1-ylmethyl- 2,3,5,6,-tetramethylbenzene (2.6 mmol) was
dissolved in toluene and then 1,3-bis(bromomethyl)-2,
4,6-trimethylbenzene or 1,4-bis(bromomethyl)-2,3,5,6-
tetramethylbenzene (2.6 mmol) was added. The mixture
was refluxed overnight. The solid that separated out after
cooling was filtered off and washed with diethyl ether
(5mL).

4.1.3. 1,I'-Di(methoxyethyl)-3,3'-(2,4,6-trimethyl-1,3-
xylylene ) bibenzimidazolium dibromide (1la)

Yield: 90%; m.p. = 171-174 °C; vweny (ecm ™) = 1562.
Anal. Calc. for C3;H33Br;N4O,: C, 56,55; H, 5.82; N,
8.51. Found: C, 56.51; H, 5.81; N, 8.59%. 'H NMR (4,
CDCIs): 2.30, 2.48 (s, 9H, NCH,CcH(CH3);CH,N), 3.22
(s, 6H, -OCHs3), 3.80 (t, 4H, J = 1.2 Hz, NCH,CH,OCH3),
497 (t, 4H, J=1.2 Hz, NCH,CH,OCH3;), 5.80 (s, 4H,
NCH,CsH(CH3);CH,N), 7,15 (s, 1H, NCH,CcH(CH3)3-
CH;N), 7.62, 7.67 (t, 4H, J=2Hz, CcH,), 7.83, 8.24 (d,
4H, J=2.1 Hz, C¢H,4), 10.27 (s, 2H, H,). '*C NMR (9,
CDCI3): 17.6, 20.3 (-NCH,CgH(CH3);CH,N), 46.9
(NCH,C¢H(CH3);CH;,N), 48.1, 59.2 (NCH,CH,OCHj;),
71.2 (NCH,CH,OCH3), 113.9, 114.4, 126.9, 127.6, 127.7,
131.6, 132.8, 132.8, 140.5, 140.9 (NCH,Cg¢H;(CH3)s-
CH;N,C¢Hy), 141.7 (C,).

4.1.4. 1,I'-Di(2,4,6-trimethylbenzyl)-3,3'-(2,4,6-trimethyl-
1,3-xylylene ) bibenzimidazolium dibromide (1b)

Yield: 80%; m.p. = 199-201 °C; vneny (cm™ ') = 1560.
Anal. Calc. for C4sHs5oBroNy4: C, 67,00; H, 6.25; N, 6.95.
Found: C, 67.11; H, 6.21: N, 6.89%. '"H NMR (0, CDCI5):
223, 225, 232, 2.57 (S, 18H, NCH2C6H(CH3)3CH2N,
2,4,6-CH,C¢H,(CH3);), 6.09 (s, 4H, 2,4,6-CH,CgH,-
(CHz)3), 7.26 (s, 4H, 2,4,6-CH,CsH,(CHj3)3), 5.84 (s, 4H,
NCHzCGHl(CH3)3CH2N), 6,84 (S, lH, NCHzCGHl-
(CH3);CH;N), 6.89, 8.27 (d, 4H, J = 2.1 Hz, C¢H,), 7.39,
7.62 (t, 4H, J=2.0Hz, C¢H,), 10.86 (s, 2H, H,). *C
NMR($, CDCIs): 17.1, 17.3, 17.5, 17.7, 20.3, (2,4,6-
CH,CgH,(CH3);, NCH,CgH(CH3);CH,N), 47.3, 49.8
(2,4,6-CH,CcH»(CH3);, NCH,C¢H(CHj3);CH,N), 114.3,
114.4, 126.2, 126.9, 127.5, 127.6, 132.1, 132.0, 132.9,
133.6, 133.8, 1369, 140.5, 1409 (CsH4, NCH,CgH-
(CH3);CH;N, 2,4,6-CH,CgH»(CH3)3), 141.9 (C,).

4.1.5. 1,I'-Di(2,3,5,6-tetramethylbenzyl)-3,3'-(2,4,6-
trimethyl-1,3-xylylene ) bibenzimidazolium dibromide (1c)

Yield: 60%; m.p. = 200-202 °C; vnewny (cmfl) = 1559.
Anal. Calc. for C4;Hs4Br,Ny4: C, 67,62; H, 6.52; N, 6.71.
Found: C, 67.70; H, 6.61; N, 6.80%. "H NMR (9, CDCI5):
2.17, 2.20 (s, 24H, 2,3,5,6-CH,CsH(CH3),), 2.33, 2.58 (s,
9H, NCH,C¢H(CH;);CH,N), 5,86 (s, 4H, NCH,C¢H-
(CH;)3CH,N), 6.15 (s, 4H, 2,3,5,6-CH,CsH(CH3)4), 7,00
(s, 1H, NCH,CsH(CH3);CH,N), 7.32 (s, 2H, 2,3,5,6-
CH,CqH(CH3)4), 6.82, 8.22 (d, 4H, J=2.2Hz, CcH,),
7.34, 7.60 (m, 4H, Cg¢Hy), 10.83 (s, 2H, H,). 3*C NMR
(6, CDClI3): 16.3, 20.7 (2,3,5,6-CH,C¢H(CH3)y), 17.7,
20.3 (NCH,C¢H(CH;);CH;,N), 47.3, 49.3 (NCH,C¢H-
(CH;3);CH;,N,  2,3,5,6-CH,CcH(CH3)4), 1269, 127.5,
127.7, 128.9, 132.1, 1329, 1334, 134.1, 134.9, 140.5,
141.0 (C¢Hy4, NCH,C¢H(CH3);CH,N, 2,3,5,6-CH,CgH-
(CHsj)y), 141.9 (Cy).

4.1.6. 1,1'-Di(2,3,4,5,6-pentamethylbenzyl)-3,3'-(2,4,6-

trimethyl-1,3-xylylene ) bibenzimidazolium dibromide (1d)
Yield: 65%; m.p. = 217-221 °C; vnen) (cmfl) = 1560.

Anal. Calc. for C4HsgBroNy: C, 68,21; H, 6.78; N, 6.49.
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Found: C, 68.28; H, 6.81: N, 6.49%. '"H NMR (0, CDCI;):
2.05-2.54 (m, 39H, NCH,C¢H(CH5);CH,N, 2,3,4,5,6-
CH,C¢(CH»)s), 6.11 (s, 2,3.4,5,6-CH,C¢(CHs)s), 6.10
(s, 1H, NCH>C¢H(CH;);CH,N), 7,23 (s, 1H, NCH,C¢H-
(CH;);CH,N), 6.84, 8.18 (d, 4H, J = 2.1 Hz, C¢H,), 7.33,
7.58 (t, 4H, J=2.1 Hz, C¢H,), 10,75 (s, 2H, H,). 1*C
NMR(5, CDCIy): 17.6, 20.2, 20.5, 21.2 (NCH,CgH-
(CH;);CH>N, 2,3.4,5,6-CH,C¢(CH5)s), 47.3, 48.5 (-NCH.>-
C¢H(CH;);CH,N, 2,3.4,5,6-CH,C4(CH3)s), 114.2, 114.5,
125.9, 126.8, 127.6, 127.7, 130.3, 131.9, 132.1, 132.9,
137.9, 139.4, 140.5, 141.1 (C¢H4, NCH,CgH(CH;);CH,N,
2,3,4,5,6-CH,Cs(CH3)s), 141.97 (C»).

4.1.7. 1,I'-Di(methoxyethyl)-3,3'-(2,4,6-trimethyl-1,3-
xylylene)5,6-dimethylbibenzimidazolium dibromide (1'a)

Yield: 59%, m.p. =250-253 °C ven (cm™') = 1561.
Anal. Calc. for C35H46BI'2N4021 C, 58,83, H, 649, N,
7.84. Found: C, 58.91; H, 6.55; N, 7.89%.'"H NMR (4,
CDCIy): 2.26, 245, 2.49, 2.50 (s, 21H NCH,CcH-
(CH3);CH;N, C¢Hy(CH3),), 3.24 (s, 6H, -OCHs;), 3.79,
4.88 (t, 8H, J=1.2 Hz; NCH,CH,OCH3;), 5.68 (s, 4H,
NCH,CgH(CH3);CH,N), 7.16 (s, 1H, -NCH,CcH(CH3)s-
CH,N), 7.52, 7.94 (s, 4H, C¢H,(CHs),), 10.09 (s, 2H,
H,). 3C NMR (5, CDCI;): 17.6, 20.2, 20.8, 20.94
(NCH,CgH(CH3);CH,N, C¢H,(CH3),), 46.7, (NCH,CH-
(CH3);CH;N), 47.7, 59.2 (-NCH,CH,OCH3), 71.2
(-OCH3), 113.5, 113.8, 127.0, 130.1, 131.2, 132.6, 137.7,
1379, 140.4 (NCH,C¢H(CH3);CH,N, CgH,(CHs),),
140.7 (Cy).

4.1.8. 1,I'-Di(2,4,6-trimethylbenzyl)-3,3'-(2,4,6-trimethyl-
1,3-xylylene)5,6-dimethylbibenzimidazolium dibromide
(I')

Yield: 34%; m.p. = 172-175 °C; vnen) (cmfl) = 1560.
Anal. Calc. for C49Hs3BroNy: C, 68,21; H, 6.78; N, 6.49.
Found: C, 68.23; H, 6.72; N, 6.52%. "H NMR (9, CDCI5):
2.15, 2.16, 220, 221, 238, 244 (s, 39H, 24.6-
CH,C¢Hy(CH3)3, CeHa(CH3),, NCH,CsH(CH3);CH,N),
5.94 (s, 4H, 2,4,6-CH,CsH,(CH3)3), 6.78 (s, 4H, 2,4,6-
CH,CgH,(CHs3)3); 5.69 (s, 4H, NCH,C¢H(CH3);CH,N),
7.21 (s, 1H, NCH,C¢H(CHj3);CH,N), 6.56, 8.00 (s, 4H,
Ce¢H>(CHj3),), 10.58 (s, 2H, H,). >*C NMR (6, CDClI5):
17.4, 20.1, 20.4, 20.7, 21.1, 21.2 (NCH,CgH(CH3);CH,N,
Ce¢Ho(CH3),, 2,4,6-CH,CqH,(CHs3)3), 46.9, 48.2 (NCH,-
C¢H(CHj3);CH,N, 2.4,6-CH,CgH,(CHj3)3), 113.8, 113.9,
126.1, 126.9, 130.2, 130.4, 130.7, 132.7, 137.8, 137.8,
137.9, 139.3, 140.1, 140.7 (NCH,C¢H(CH3);CH,N, 2.4,6-
CH,CsH,(CH3);,CsHy(CH3),), 140.9 (Cy).

4.1.9. 1,I'-Di(2,3,5,6-tetramethylbenzyl)-3,3'-(2,4,6-
trimethyl-1,3-xylylene)5,6-dimethylbibenzimidazolium
dibromide (1'c)

Yield: 46%; m.p. = 192-194 °C; vneny (cm™ ') = 1561.
Anal. Calc. for C5;HgBroNy: C, 68.76; H, 7.01; N, 6.29.
Found: C, 68.79; H, 7.11; N, 6.23%. "H NMR (9, CDCI5):
2.17, 2.22 (s, 24H, 2,3,5,6-CH,CsH(CHs3),), 2.20, 2.31 (s,
12H, C¢H»(CHs),), 2.41, 2.53 (s, 9H, NCH,CgH-

(CH3);CH,N), 6.05, 6.56 (s, 4H, 2.3,5,6-CH,CsH(CH3),),
574 (s, 4H, NCH,C¢H(CH;);CH,>N), 7.23 (s, IH,
NCH,C4H(CH3);CH,N), 7.00, 7.82 (s, 4H, C¢H(CHs),),
10.52 (s, 2H, H,). '3C NMR(S, CDCI;): 16.3, 17.6, 20.2,
20.7, 20.8, 21.1 (NCH,C4H(CH;);CH,N, CgHo(CHs)s,
2,3,5,6-CH,CgH(CH)s), 46.9, 48.9 (NCH,C4H(CH;)s-
CH,N, 2,3,5,6-CH,CsH(CH3),), 113.7, 113.9, 127.1,
129.0, 130.5, 130.6, 132.7, 133.2, 134.1, 1349, 137.5,
137.7, 140.5 (NCH,C4H(CH3);CH,N, CsHo(CHs)s,
2,3,5,6-CH,CgH(CHa),), 140.7 (Co).

4.1.10. 1,I'-Di(2,3,4,5,6-pentamethylbenzyl)-3,3'-(2,3,
5,6-tetramethyl-1,3-xylylene)5,6-dimethylbibenz-
imidazolium dibromide (1'd)

Yield: 40%; m.p. = 197-199 °C; vneny (cm™ ') = 1561.
Anal. Calc. for Cs3HggBroNy: C, 69.27; H, 7.24; N, 6.10.
Found: C, 69.25; H, 7.25; N, 6.19%. '"H NMR (3, CDCI):
2.19,2.22,2.26, 2.29, 2.31, 2.35, 2.39 (s, 51H, C¢H»(CH3),,
2,3,4,5,6-CH,C4(CH3)s), NCH,C¢H(CH3);CH,N, 5.69
(s, 4H, NCH,CcH(CH3);CH,N), 7.09 (s, NCH,C¢H-
(CH3)sCH;,N), 6.93, 7.21 (s, 4H, CsH,(CH3)5), 9.56 (s,
2H, H,). °C NMR (4, CDCI;): 15.9, 17.2, 17.3, 19.7,
20.6, 20.9 (NCH,C¢H(CH3);CH,N, CgH,(CH3),, 2,3.4,
5,6-CH,C4(CHj3)5), 47.8, 48.0 (NCH,C¢H(CHj3);CH,N,
2,3,4,5,6-CH,C4(CH3)s), 113.3, 113.2, 125.2, 127.2, 130.5,
131.7, 133.6, 133.9, 134.2, 137.5, 137.7, 138.0, 138.9,
139.3 (NCH,C¢H(CH3);CH,N, 2,3.4,5,6-CH,C¢(CH3)s,
CsH,(CHs3),), 140.6 (C,).

4.1.11. 1,I'-Di(methoxyethyl)-3,3'-(2,3,5,6-tetramethyl-1,4-
xylylene ) bibenzimidazolium dibromide (2a)

Yield: 82%; m.p. = 265-267 °C; vnen (cm™ ') = 1560.
Anal. Calc. for C;3,H4oBr,N4O,: C, 57.15; H, 6.00; N,
8.33. Found: C, 57.11; H, 6.05; N, 8.29%. 'H NMR
(6, CDCIy): 2.24 (s, 12H, NCH,C(CH;)4CH,N), 3.18
(s, 6H, -OCH3), 3.72 (t,4H, J = 1.3 Hz, NCH,CH,OCH3),
4.77 (t, 4H, J=1.3 Hz, NCH,CH,OCHj;), 5,84 (s, 4H,
NCH,C4(CH3)4CH,N), 7.72-8.21 (m, 8H, CgH,4), 9,51
(s, 2H, H,). 3C NMR (8, CDCI;): 17.2 (NCH,Cs-
(CH3)4CH,N), 40.9, 58.8 (NCH,CH,OCH;), 56.7
(NCH,C4(CH3)4CH,N), 70.1 (NCH,CH,OCHj;), 1274,
127.5, 130.6, 132.0, 132.3, 136.5 (C¢H4, NCH,Cs(CH3)4-
CH;N), 142.2 (Cy).

4.1.12. 1,I'-Di(2,4,6-trimethylbenzyl)-3,3'-(2,3,5,6-
tetramethyl-1,4-xylylene ) bibenzimidazolium dibromide (2b)
Yield: 80%; m.p. = 308-310 °C; vneny (cm™ ') = 1559.
Anal. Calc. for C4Hs,BroNy4: C, 67,32; H, 6.39; N, 6.83.
Found: C, 67.31; H, 6.44: N, 6.80%. '"H NMR (0, CDCI5):
195, 222, 2.34 (S, 30H, NCH2C6(CH3)4CH2N, 2,4,6-
CH,C¢H,(CH3)3), 6.07 (s, 4H, 2,4,6-CH,CsH,(CH3)3),
6.83 (s, 2,4,6-CH,C¢H,(CH3);3), 5,93 (s, 4H, NCH,Cs-
(CH3)4CH,N), 6.87, 8.53 (d, 4H, J=2.2 Hz, C4Hy), 7.37,
7.66 (t, 4H, J=2.0Hz, C¢H,), 10,77 (s, 2H, H,). 1*C
NMR (9, CDCI;3): 17.4, 20.4, 21.2 (NCH,C4(CH;3)4CH,N,
2,4,6-CH,C¢H»(CH3)3), 47.1, 48.2 (NCH,C4(CH3)4CH,N,
2,4,6-CH,C¢H»(CH3)3), 113.9, 115.1, 125.9, 127.7, 127.7,
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129.5, 130.3, 131.9, 132.1, 136.7, 137.8, 139.4 (C¢Ha,
NCH,Cs(CH3)4CH,N, 2,4,6-CH,CsHa(CHs)s), 142.1 (C,).

4.1.13. 1,I'-Di(2,3,5,6-tetramethylbenzyl)-3,3'-(2,3,5,6-
tetramethyl-1,4-xylylene ) bibenzimidazolium dibromide (2c)
Yield:  89%; m.p.=250-251°C (dec.); vweN)
(cmfl) = 1561. Anal. Calc. for C43Hs¢Br,Ny4: C, 67,92; H,
6.65; N, 6.60. Found: C, 67.91; H, 6.71; N, 6.59%. 'H
NMR (4, CDCI3): 2.16, 2.19, 2.32 (s, 36H, NCH,Cs-
(CH5)4,CH,N, 2,3,5,6-CH,C¢H(CH3),4), 6.14 (s, 4H,
2,3,5,6-CH,C¢gH(CH3)4), 5.93 (s, 4H, NCH,C4(CHj3)y-
CH>,N), 6.77, 8.49 (d, 4H, J = 2.2 Hz, C¢H,), 7.34, 7.65 (t,
4H, J=2.1 Hz, C¢Hy), 10.78 (s, 2H, H»). *C NMR (9,
CDCIy): 16.2, 17.4, 20.7 (-NCH,C4(CH3)4CH;N, 2,3,5,6-

CH,CqH(CHs),), 479, 49.1 (NCH,C4(CH;),CH,N,
2,3,5,6-CH,CgH(CHa),), 114.1, 114.9, 127.6, 128.9, 129.2,
129.4, 1320, 132.1, 1333, 1349, 136.6 (CgHa,

NCH,Cg(CH3)4CH,N, 2,3,5,6-CH,C¢H(CH3),), 142.1 (C»).

4.1.14. 1,1I'-Di(2,3,4,5,6-pentamethylbenzyl)-3,3'-(2,3,5,6-
tetramethyl-1,4-xylylene) bibenzimidazolium dibromide (2d)
Yield:  77%; m.p.=220-221°C (dec.) vynenN)
(cm~ ') = 1560. Anal. Calc. for CsoHgoBroNy: C, 68.49; H,
6.90; N, 6.39. Found: C, 68.54; H, 6.92; N, 6.29%. 'H
NMR (6, CDCI5): 2.16-2.33 (m, 42H, NCH,Cs-
(CH5)4,CH,N, 2,3,4,5,6-CH,C4(CH3)s), 6.13 (s, 4H,
2,3,4,5,6-CH,C¢(CHs3)s5), 5.91 (s, NCH,C4(CH3);CH,N),
6.77, 8.47 (d, 4H, J=2.1 Hz, CgH,), 7.32, 7.63
(t, 2H,J = 1.9 Hz, C¢H,), 10,78 (s, 2H, H,). '3*C NMR (4,
CDCIy): 17.2, 174, 17.5, 20.7, (NCH,C¢ CH3)4CH,N,
2,3,4,5,6-CH,C4(CH3)s), 47.9, 49.6 (NCH,C¢(CH3)4CH,N,
2,3,4,5,6-CH,C¢(CHs3)s), 114.2, 114.9, 126.3, 127.6, 127.7,
129.5, 132.0, 132.1, 133.5, 133.7, 136.7, 136.9 (CecHa,
NCH,Cs(CH3)4CH;N, 2,3,5,6-CH,C¢(CH3)s), 141.9 (C,).

4.1.15. 1,I'-Di(methoxyethyl)-3,3'-(2,3,5,6-tetramethyl-1,4-
xylylene)5,6- dimethylbibenzimidazolium dibromide (2'a)

Yield: 70%, m.p. = 268-269 °C; vneny (em™ ') = 1560.
Anal. Calc. for C3;cH4BroN4O,: C, 59,34; H, 6.64; N,
7.69. Found: C, 59.31; H, 6.61; N, 7.77%. 'H NMR
(8, CDCI3): 2.28 (s, 12H, NCH,C¢CH3),CH,N), 2.43,
2.50 (s, 12H, C¢H»(CH3),); 3.26 (s, 6H, -OCH3), 3.79,
484 (t, 4H, J=1.2Hz, CH,CH,OCHs3), 5,71 (s, 4H,
NCH,C4(CH3)4CH,N), 7.56, 8.05 (s, 4H, C¢H,(CH3),),
10.02 (s, 2H, H,). '*C NMR (3, CDCI5): 17.3 (NCH,C-
(CH3)4CH,N), 209, 2096 (C¢Hy(CHj),), 472
(NCH,C¢(CH;),CH,N), 47.7, 59.3 (NCH,CH,OCH3),
71.8 (OCH;), 113.6, 113.9, 129.4, 130.1, 131.3, 136.5,
137.9, 138.0 (CsH,(CHj3),, NCH,Cy(CH3)4CH,N), 140.4
(Ca).

4.1.16. 1,1'-Di(2,4,6-trimethylbenzyl)-3,3'-(2,3,5,6-
tetramethyl-1,4-xylylene)5, 6-dimethylbibenzimidazolium
dibromide (2'b)

Yield: 57%; m.p. = 226-228 °C; vnen) (cm ') = 1559.
Anal. Calc. for CsoHgoBr,Ny: C, 68.49; H, 6.90; N, 6.39.
Found: C, 68.45; H, 6.82; N, 6.42%. "H NMR (9, CDCI5):

221, 2.22 (s, 18H, 2,4,6-CH,C4Ha(CHz)s), 2.25, 2.50 (s,
12H, C¢Ho(CHj),), 2.33 (s, 12H, NCH,Cy(CHs),CH,N),
6.84 (s, 4H, 2,4,6-CH,C¢H>(CHs)3), 5,79 (s, NCH,Cg-
(CH3),CH>N), 6.61, 8.16 (s, 4H, CsH>(CHs),); 10,60 (s,
2H, H,). 3C NMR(S, CDCLy): 17.3, 20.4, 20.7 (2,4,6-
CH,C¢H5(CH3);, NCH,C¢(CH3),CH,N), 21.1, 21.2
(CeHa(CHs),), 47.4, 47.9 (2,4,6-CH>C4Ha(CHs)s, NCH,-
C¢(CH3),CH,N), 113.7, 114.1, 126.1, 129.5, 130.2, 130.4,
130.6, 136.5, 137.7, 137.8, 137.9, 139.3 (CsH,(CHs)s,
NCH,C¢(CH;3)4CH,N, 2,4,6-CH,CsH,(CHs)3), 141.0 (Ca).

4.1.17. 1,I'-Di(2,3,5,6-tetramethylbenzyl)-3,3'-(2,3,5,6-
tetramethyl-1,4-xylylene ) 5,6-dimethylbibenzimidazolium
dibromide (2'¢)

Yield: 75%; m.p. = 220-222 °C ynen) (cm™ ') = 1558.
Anal. Calc. for Cs;HgsBroNy: C, 69,02; H, 7.13; N, 6.19.
Found: C, 69.01; H, 7.11; N, 6.12%."H NMR (J, CDCI5):
2.15,2.17, 2.20, 2.33, 2.45 (s, 48H, 2,3,5,6-CH,CsH(CH3)4,
NCH,C4(CH3)4CH,;N, CsHy(CHs3),), 6.07 (s, 4H, 2,3,5,6-
CH,C¢H(CH3),), 6.51 (s, 2H, 2,3,5,6-CH,CqH(CH3),4),
5,78 (s, 4H, NCH,C4(CH3)4,CH,N), 6.99, 8.13 (s, 4H,
C¢H>(CHs),), 10,63 (s, 2H, H,). '*C NMR (5, CDCI5):
16.2, 17.3 (2,3,5,6-CH,C¢H(CH3)4), 20.7 (NCH,Cq-
(CH3)4CH,N), 20.7, 21.1 (C¢H,(CHs),), 47.4, 48.8
(2,3,5,6-CH,C¢H(CH3)4, NCH,Cq(CH3),CH,N), 113.9,
129.1, 129.5, 130.5, 130.6, 133.2, 134.1, 134.8, 136.6,
137.6, 137.8 (CsH,(CH3),, NCH,Cg(CH3),CH,N, 2,3,5,6-
CH,C¢H(CH3),), 140.9 (C,).

4.1.18. 1,I'-Di(2,3,4,5,6-pentamethylbenzyl)-3,3'-(2,3,5,6-
tetramethyl-1,4-xylylene ) 5,6-dimethylbibenzimidazolium
dibromide (2'd)

Yield: 59%; m.p. = 218-220 °C; vneny (em™') = 1559.
Anal. Calc. for C4sHs5oBroNy4: C, 67.00; H, 6.25; N, 6.95.
Found: C, 67.11; H, 6.21; N, 6.89%. "H NMR (9, CDCI5):
2.17, 2.18, 2.22, 2.23, 2.33, 244 (s, 54H, NCH,C¢-
(CH3)4CH;N, C¢Hy(CHs3),, 2,3,4,5,6-CH,Co(CH3)s), 6.53
(S, 2,3,4,5,6-CH2C6(CH3)5), 5,76 (S, 4H, NCH2C6(CH3)4-
CH,N), 6.53; 8.06 (s, 4H, C¢H»(CHs),), 10,57 (s, 2H, H,).
3C NMR (5, CDCI;): 17.1, 17.2, 17.3, 17.5 (2,3.4,
5,6-CH,C¢(CH3)s, NCH,C¢(CH3)4,CH,N), 20.8, 2I1.1
(C¢Hy(CH3),), 47.4, 49.3 (2,3,4,5,6-CH,C4(CH3)s, NCH,-
Ce¢Ho(CH3),CH,N), 1139, 114.1, 126.5, 129.5, 130.5,
130.6, 133.5, 133.6, 136.5, 136.7, 137.5, 137.7 (CgH»-
(CH3),, NCH,Cg(CH3)4CH,N, 2,3,4,5,6-CH,Cs (CHj3)s),
140.9 (Cy).

4.1.19. 1,1'-(2,4,6-Trimethylbenzyl-1,3-xylylene)-3,3'-(2,4,
6- trimethyl-1,3-xylylene ) bibenzimidazolium dibromide (5)

Yield: 65%; m.p. = 294-295 °C (dec.) vneny (cm™') =
1553. Anal. Calc. for C3gH33BroNy: C, 62.98; H, 5.58; N,
8.16. Found: C, 63.01; H, 5.61; N, 8.09%."H NMR (4,
DMSO): 1.59, 243 (s, 18H, NCH,C¢H(CH3)3;CH;N),
5.56; 5.80 (d, 8H, J=3.7Hz, NCH,C4sH(CH3);CH,N),
7.78 (s, 2H, NCH,C¢cH(CH3);CH,N), 7.80-8.30 (m, 8H,
CeHy), 7,22 (s, 2H, H,). *C NMR (3, DMSO): 15.6, 20.6
(NCH,C¢H(CHj3)3CH,N), 46.3 (NCH,CqH(CH3);CH,N);
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114.7, 127.9, 128.1 132.5, 133.0, 138.5, 138.7 (CsH.,
NCH,C4H(CH;);CH,N), 140.9 (C»).

4.1.20. 1,1'-(2,4,6-Trimethylbenzyl-1,3-xylylene)-3,3'-
(2,4,6-trimethyl-1,3-xylylene)5,6-dimethyl-
bibenzimidazolium dibromide (5')

Yield: 60%; m.p. = 295 °C (dec.) uncn) (cm ') = 1573.
Anal. Calc. for C40H46BroNy: C, 64,69; H, 6.24; N, 7.54.
Found: C, 64.71; H, 6.21; N, 6.58%. "H NMR (5, DMSO):
1.54, 2.41 (s, 18H, NCH,C¢H(CH3);CH,N), 3.31 (s, 12H,
Ce¢Hy(CH3),), 5.49; 5.72 (d, 8H, J=3.7 Hz, NCH,C¢H-
(CH;3);CH,N), 7.62 (s, 2H, NCH,CsH(CH3);CH,N), 8.08
(s, 4H, C¢H»(CHs),), 7.20 (s, 2H, H,). '3C NMR
(6, DMSO): 15.9, 20.7 (NCH,C¢H(CH3);CH,N), 20.9
(CsH»(CH3),), 46.2 (NCH,CgH(CH3);CH,N), 114.2,
128.3, 131.0, 137.7, 138.4 (C¢H,(CH3),, NCH,CcH(CH3);-
CH,N), 140.8 (C,).

4.1.21. 1,1I'-(2,4,6-Trimethylbenzyl-1,3-xylylene )-3,3'-( 2,3,
5,6-tetramethyl-1,4-xylylene ) bibenzimidazolium dibromide (6)

Yield: 66%; m.p. = 291 °C (dec.) vnen) (cm™ ') = 1563.
Anal. Calc. for C37Hy40Br,Ny4: C, 63,44; H, 5.76; N, 8.00.
Found: C, 63.41; H, 5.82; N, 8.09%. '"H NMR (9, CD;0D):
2.15; 2.23 (s, 9H, NCH,CcH(CH;);CH,N), 2.31 (s, 12H,
NCH,Cy(CH3)4CH,N), 5.61-6.05 (m, 8H, NCH,C¢H-
(CH3);CH,N, NCH,Cy4(CH;3)4CH,N), 7.29 (s, 1H,
NCH,C¢H(CH3);CH,N), 7.89-8.35 (m, 8H, C¢Hy,), 6,67
(s, 2H, H,). '*C NMR (6, CD;OD): 14.6, 15.6, 18.6
(NCH,CgH(CH3);CH,N, NCH,Cq(CH;3)4CH,N), 45.7,
46.3 (NCH,C¢H(CH3);CH,;N, NCH,Cy(CH3)4CH,N),
113.8, 1139, 127.9, 128.1, 128.1, 131.2, 132.5, 132.7,
132.8 (CeH4NCH,CsH(CH3);CH,;N, NCH,Co(CH3)4-
CH,N), 141.9 (C,).

4.1.22. 1,1I'-(2,4,6-Trimethylbenzyl-1,3-xylylene )-3,3'-
(2,3,5,6-tetramethyl-1,4-xylylene)5,6-dimethyl-
bibenzimidazolium dibromide (6')

Yield: 47%; m.p. = 327-330 °C (dec.) vneny (ecm™ ) =
1569. Anal. Calc. for C4Hy3Br,Ny: C, 65,08; H, 6.39; N,
7.40. Found: C, 65.11; H, 6.33; N, 7.28%. 'H NMR
(6, CD;0D): 2.29 (s, 12H, NCH,C4CH3),CH,N), 2.17,
2.22 (s, 9H, NCH,CgH(CH3);CH,N), 2.57 (s, 4H, C¢Ho»-
(CH3)y), 5.44-597 (m, 8H, NCH,C¢(CHj3),CH>N,
NCH,CgH(CH3);CH,N), 7.27 (s, 1H, NCH,CcH(CH3)s-
CH,N), 8.07, 8.10 (s, 4H, CsH,(CH3),), 6,45 (s, 2H, H,).
13C NMR(5, CD;OD): 14.6, 15.5, 18.6, 19.6 (NCH,-
CsH(CH3)3CH,N, NCH,Co(CH3)4CH,N,  CsHo(CH;)y),
45.6, 46.2 (NCH,C¢H(CH3);CH,N, NCH,C¢(CH3)4CHo-
N), 113.3, 127.7, 131.2, 131.3, 131.4, 132.4, 135.2, 135.9,
136.5, 138.7, 138.7, 138.9 (CgH»(CHj3),, NCH,Cg¢H-
(CH3);CH,N, NCH,C¢(CH3)4CH,N), 141.8 (Cy).

4.1.23. 1,1I'-(2,3,5,6-Tetramethylbenzyl-1,4-xylylene )-3,3'-
(2,3,5, 6-tetramethyl-1,4-xylylene) bibenzimidazolium
dibromide (7)

Yield: 70%; m.p. = 348-350 °C (dec.) vnen) (cm ') =
1551. Anal. Calc. for C3gH4,BroNy: C, 63,87; H, 5.92; N,

7.84. Found: C, 63.80; H, 5.91; N, 7.89 %.'H NMR (4,
DMSO): 2.10 (s, 24H, NCH,C4(CH;)sCH,N), 5.81 (s,
8H, NCH,C¢(CH3),CH>N), 7.90-8.37 (m, 8H, CgH.),
7,23 (s, 2H, H,). >*C NMR (5, DMSO): 16.8 (NCH,Cs-
(CH5),CH,N), 46.8 (NCH,Co(CH3),CH,N), 114.9, 128.2,
130.9, 132.9, 136.4 (CeH;NCH,Co(CH3)4,CH,N), 136.7
(Co).

4.1.24. 1,1'-(2,3,5,6-Tetramethylbenzyl-1,4-xylylene )-3,3'-
(2,3,5,6-tetramethyl-1,4-xylylene)5,6-
dimethylbibenzimidazolium dibromide (7')

Yield: 66%; m.p. =329 (dec.); ven) (cm™') = 1546.
Anal. Calc. for C4,HsoBroNy4: C, 65,46; H, 6.54; N, 7.27.
Found: C, 65.48; H, 6.51; N, 6.29 %. "H NMR (5, DMSO):
2.07 (s, 24H, NCH,C4(CH;)4,CH,N), 2.53 (s, 12H,
C6H2(CH3)2), 5.73 (S, NCHzCG(CH3)4CH2N), 6,22 (S, 2H,
H,), 8.14 (s, 4H, C¢H>(CHs),). 3°C NMR (5, DMSO):
16.7 (NCH,C¢H(CH3)4,CH,N), 20.9 (C¢H,(CHsz),), 46.6
(NCH,C4(CH3)4,CH;,N), 114.4, 131.0, 131.3, 135.2, 136.3
(CsH»(CHj3),, NCH,Cy(CH3)4CH,N), 137.9 (Cy).

4.1.25. General procedure for the preparation of [RhBr(n*-
COD)(NHC)] (8)

Complex 2 (0.32 mmol) and [Rh(OMe)COD], (0.32
mmol) were added in a scHLENK tube. The mixture stirred
in toluene (8 mL) and refluxed overnight. The product
was filtered off and the filtrate was concentrated under vac-
uum, then crystallized from CH,Cl,/EtOH.

4.1.26. [Di(cyclopentadiene){1,1'-di(2-methoxyethyll)-
3,3'-2,3,5,6-tetramethyl-1,4-xylylene bibenzimidazole-2,2’-
diylidene} Jdirhodium(1) dibromide (8a)

Yield: 72%; m.p.=290-291°C. Anal. Calc. for
C48H62Rh2BI'2N4: C, 52,76, H, 572, N, 5.13. Found: C,
52.51; H, 5.91; N, 4.99 %. 'H NMR (CDCls): 1.89-1.99
(m, 8H, COD-CH,), 2.24 (s, 12H, NCH,C4(CH3)4CH;N),
2.34-2.48 (m, 8H, COD-CH,), 3.34 (s, 6H, -OCH3), 3.41
(s, 2H, COD-CH=CH), 3.55 (s, 2H, COD-CH=CH),
4.01, 4.85 (m, 4H, NCH,CH,OCHj3), 5.21 (s, 4H, COD-
CH=CH), 5.92, 6.48 (d,J = 3.7 Hz, 4H, NCH,C4(CH3)4-
CH,N), 6.10, 6.78, 7.03, 7.38 (m, 8H, C¢H,). °C NMR
(CDCl3, 6, ppm): 17.9 (NCH,C¢(CH3)4,CH,N), 28.8, 29.7,
32.7, 33.8 (COD-CH,), 46.7 (NCH,CH,OCH3), 52.0
(NCH,C4(CH3);CH;,N), 59.8 (NCH,CH,OCH3), 70.2 (d,
J=14.5Hz, COD-CH=CH), 704 (d, J=13.7Hz,
COD-CH=CH), 72.5 (NCH,CH,OCHj3), 99.6; 99.9 (d,
J= 6.1 Hz, COD-CH=CH), 110.6, 112.0, 123.2, 124.3,
131.9, 134.3, 135.1, 136.9 (C¢H4, NCH,Co(CH3)4CH,N),
198.6 (d, J = 50.3 Hz, Rh-C).

4.1.27. [Di(cyclopentadiene){1,1'-Di(2,4,6-trimethyl-
benzyl)-3,3'-2,3,5,6-tetramethyl-1,4-xylylenebibenz-
imidazole-2,2'-diylidene} [dirhodium (1) dibromide (8b)
Yield: 75%; m.p. = 308-309 °C. Anal. Calc. for Cg,H74-
Rh,Br,N4: C, 60.01; H, 6.01; 4.52. Found: C, 60.11; H,
6.13; N, 4.43%. '"H NMR (CDCl;): 1.97-2.08 (m, 8H,
COD-CH,), 233 (s, 30H, NCH,C¢CHj3)4CH>N,
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NCH,CH,(CH3)3), 2.38-2.55 (m, 8H, COD-CH>), 3.56 (s,
2H, COD-CH=CH), 3.62 (s, 2H, COD-CH=CH), 5.28 (s,
4H, COD-CH=CH), 591 (d, 2H, J=37 Hz
NCH,C¢(CH;)sCH,N), 6.01, 6.03 (s, 4H, NCH,Cec-
(CH;3)4CH,N), 6.54 (s, 2H, NCH>C¢H»(CH3)3), 6.71-6.78
(1’1’1, 6H, NCH2C6H2(CH3)3, C6H4), 618, 6.28 (m, 4H,
CeHy), 6.92 (s, 4H, NCH,CcH,(CHj3);). *C NMR (CDCls,
5, ppm): 17.9, 21.2, 22.5 (NCH,C¢H(CH;);, NCH>-
Co(CH;)4CH,N), 28.9, 29.5, 32.7, 33.4 (COD-CH,), 50.4
(NCH,C¢H(CH3)3), 52.0 (NCH,C4(CH3)4sCH,N), 70.2 (d,
J=145Hz, COD-CH=CH), 704 (d, J=13.7Hz,
COD-CH=CH), 99.6; 99.9 (d, J=6.1 Hz, COD-CH=
CH), 110.9, 122.0, 122.2, 128.3, 129.9, 132.3, 135.5, 135.9,
137.7, 138.5, 138.6 (C¢Hs, NCH,C¢(CH;3)sCH,N,
NCH,CsH,(CHjs)3), 198.6 (d, J = 50.3 Hz, Rh-C).

4.1.28. [Di(cyclopentadiene){1,1'-Di(2,3,5,6-tetramethyl-
benzyl)-3,3'-2,3,5,6-tetramethyl-1,4-xylylenebibenz-
imidazole-2,2'-diylidene} |dirhodium(1) dibromide (8c)

Yield: 68%; m.p.=305-306°C. Anal. Calc. for
CesH73RhoBroNy: C, 60.58; H, 6.20; 4.42. Found: C,
60.61; H, 6.18; N, 4.41%. "H NMR (CDCls): 1.98-2.04
(m, 8H, COD-CH,), 2.26; 2.33 (s, 36H, NCH,Cs-
(CH3)4CH,N, NCH,C¢H(CH3)4) 2.43-2.55 (m, 8H,
COD-CH,), 3.65 (m, 4H, COD-CH=CH), 5.30 (m, 4H,
COD-CH=CH), 6.04, 5.99 (d, 4H, J = 3.8 Hz, NCH,Cg-
(CH3)4CH,N), 6.63 (d, 2H, J = 3.7 Hz, NCH,C¢H(CH3)y),
6.10, 6.18, 6.73 (m, 12H, NCH,CcH(CHs3)4, CcH,4) 7.07 (s,
2H, NC¢H(CH3)4). *C NMR (CDCls, 6, ppm): 16.8, 17.9,
20.8 (NCH,C¢H(CH3)4, NCH,C¢(CHj3)4CH;N), 28.9, 29.5,
32.7, 33.4 (COD-CH,), 514 (NCH,C¢H(CH;)y), 51.9
(NCH,C¢(CH3)4CH,N), 69.9, 70.5 (d, J=152 Hz,
COD-CH=CH), 99.4 (d, J=6.1 Hz, COD-CH=CH),
110.7, 111.0, 121.9, 128.9, 131.1, 132.2, 132.6, 134.5,
134.9, 135.5, 135.6 (C¢H4, NCH,Cg(CH3)4CH,N, NCH»-
CsH(CH3)y), 198.1 ( d, J =48.8 Hz, Rh-C).

4.1.29. [Di(cyclopentadiene){1,1'-di( pentamethylbenzyl)-
3,3'-2,3,5,6-tetramethyl-1,4-xylylenebibenzimidazole-2,2’ -
diylidene} Jdirhodium (1) dibromide (8d)

Yield: 82%; m.p.=301-302°C. Anal. Calc. for
CesHgoRhoBroNy: C, 61.12; H, 6.37; N, 4.32. Found: C,
61.21; H, 6.32; N, 4.41%. "H NMR (CDCls): 1.96-2.07
(m, 8H, COD-CH,), 2.11, 220, 227 (s, 30H,
NCH,C4(CH3)s), 2.36 (s, 12H, NCHy(CH3)4CsCH,N),
2.38 (m, 8H, COD-CH,), 3.60 (s, 2H, COD-CH=CH),
3.62 (s, 2H, COD-CH=CH), 5.24 (s, 4H, COD-CH=CH),
5.91, 5.93, 5.96, 6.01, (s, 4H, NCH,C4(CH3)s), 6.20 (m, 2H,
CeH,y), 628 (m, 2H, CgH,), 6.53, 6.57 (s, 4H,
NCH,C4(CH3)s), 6.64 (m, 4H, C¢H,). >*C NMR (CDCls,
o, ppm): 16.4, 20.8, 21.2, 21.3 (NCH,C¢ CH3)4CH,N,
NCH,C4(CH3)s), 29.1, 33.1 (COD-CH,), 51.2, 51.8
(NCH,Cy¢(CH3)4CH,;N, NCH,C¢(CH3)s), 70.0 (d, J=
14.5 Hz, COD-CH=CH), 99.4 (d, J=6.1 Hz, COD-
CH=CH), 111.7, 117.9, 120.8, 125.7, 131.0, 128.3, 132.2,
134.0, 134.1, 135.1, 135.3 (C¢H4, NCH,Ce(CH3)4,CH,N,
NCH,Cy(CHj3)s), 198.0 (d, J = 50.0 Hz, Rh-C).

Acknowledgement

Financial support from Ege University (Project 05
FEN-020) is gratefully acknowledged.

References

[1] (a) N. Hadei, E.A.B. Kantchev, C.J. O’Brien, M.G. Organ, Org.
Lett. 7 (2005) 1991,

(b) C.J. O’'Brien, E.A.B. Kantchev, G.A. Chass, N. Hadei, A.C.
Hopkinson, M.G. Organ, D.H. Setiadi, T.-H. Tang, D.-C. Fang,
Tetrahedron 61 (2005) 9723;

(¢) H. Tirkmen, B. Cetinkaya, J. Organomet. Chem. 691 (2006) 3749;
(d) S.D. Gonzales, Coord. Chem. Rev. 251 (2007) 874.

[2] (a) D. Bourissou, O. Guerret, F.P. Gabbai, G. Bertrand, Chem. Rev.

100 (2000) 39;

(b) W.A. Herrmann, Angew. Chem., Int. Ed. 41 (2002) 1290;

(c) R.B. Bedford, C.S.J. Cazin, D. Holder, Coord. Chem. Rev. (2004)
248;

(d) W.A. Herrmann, C. Kocher, Angew. Chem., Int. Ed. 36 (1997)
2162;

(e) F.E. Hahn, Angew. Chem., Int. Ed. 45 (2006) 1348;

(f) W.J. Sommer, M. Weck, Coord. Chem. Rev. 251 (2007) 860;

(g) Special issue of Coord. Chem. Rev. 251, 5-6, 2007.

[3] (a) F.E. Hahn, L. Wittenbecher, R. Boese, D. Bléser, Eur. J. Chem. 5
(1999) 1931;

(b) W.A. Herrmann, J. Schiitz, G.D. Frey, E. Herdtweck, Organo-
metallics 25 (2006) 2437;

(c) F.E. Hahn, M.C. Jahnke, T. Pape, Organometallics 26 (2007) 150;
(d) Y. Han, H.V. Huynh, G.K. Tan, Organometallics 26 (2007) 4612;
(e) Q. Xu, X. Gu, S. Liu, Q. Dou, M. Shi, J. Org. Chem. 72 (2007)
2240.

[4] (a) F.E. Hahn, L. Wittenbecher, D. Le Van, R. Fronlich, Angew.
Chem., Int. Ed. 39 (2000) 541;

(b) M.C. Jahnke, T. Pape, F.E. Hahn, Z. Nat. Forsch. B 62 (2007)
357.

[51(a) L. Ozdemir, S. Demir, B. Cetinkaya, J. Mol. Cat. A 215 (2004) 45;
(b) M. Yigit, 1. Ozdemir, E. Cetinkaya, B. Cetinkaya, J. Mol. Cat. A
241 (2005) 88;

(¢) 1. Ozdemir, M. Yigit, E. Cetinkaya, B. Cetinkaya, Heterocycles
68 (2006) 1371.

[6] (a) B. Cetinkaya, S. Demir, I. Ozdemir, L. Taupet, D. Semeril, C.
Bruneou, P.H. Dixneuf, Chem. Eur. J. 9 (2003) 2323;

(b) B. Cetinkaya, N. Giirbiiz, T. Seckin, I. Ozdemir, J. Mol. Cat. A
184 (2002) 31;

(c) L Ozdemir, S. Demir, B. Cetinkaya, L. Toupet, R. Castarlenas,
C. Fischmeister, P.H. Dixneuf, Eur. J. Inorg. Chem. (2007) 2862.

[7] (a) M.V. Baker, M.J. Bosnich, C.C. Williams, B.W. Skelton, A.H.
White, Aust. J. Chem. 52 (1999) 823;

(b) M.V. Baker, B.W. Skelton, A.H. White, C.C. Williams, Organo-
metallics 21 (2002) 2674;

(c) M.V. Baker, M.J. Bosnich, D.H. Brown, L.T. Byrne, V.J. Hesler,
B.W. Skelton, A.H. White, C.C. Williams, J. Org. Chem. 69 (2004)
7640;

(d) M.V. Baker, D.H. Brown, R.A. Haque, B.W. Skelton, A.H.
White, Dalton Trans. (2004) 3756;

(e) M.V. Baker, B.W. Skelton, A.H. White, C.C. Williams, J. Chem.
Soc., Dalton Trans. (2001) 111;

(f) M.V. Baker, S.K. Brayshaw, B.W. Skelton, A.H. White, C.C.
Williams, J. Organomet. Chem. 690 (2005) 2312;

(g) M.V. Baker, D.H. Brown, P.V. Simpson, B.W. Skelton, A.H.
White, C.C. Williams, J. Organomet. Chem. 691 (2006) 5845.

[8] (a) Z. Shi, R.P. Thummel, J. Org. Chem. 60 (1995) 5935;

(b) Yi Yuan, Ge Gao, Zong-Lin Jiang, Jin-Song You, Zhong-Yuan
Zhou, De-Qi Yuan, Ru-Gang Xie, Tetrahedron 58 (2002) 8993;

(c) C.H. Leung, C.D. Incarvito, R.H. Crabtree, Organometallics 25
(2006) 6099;



434

(d) J.M. Wilson, G.J. Sunley, H. Adams, A. Haynes, J. Organomet.
Chem. 690 (2005) 6089;
(e) G.D. Frey, C.F. Rentzsch, D. Preysing, T. Scherg, M. Miihlhofer,
E. Herdtweck, W.A. Herrmann, J. Organomet. Chem. 691 (2006) 5725.
[9] S. Demir, 1. Ozdemir, B. Cetinkaya, Appl. Organometal. Chem. 20

(2006) 254.

[10] Y. Gok, N. Giirbiiz, I. Ozdemir, B. Cetinkaya, E. Cetinkaya, Appl.
Organomet. Chem. 19 (2005) 870.

[11] J.E. Hill, T.A. Nile, J. Organomet. Chem. 137 (1997) 293.

[12] (a) A.C. Chen, L. Ren, A. Decken, C.M. Crudden, Organometallics
19 (2000) 3459;

H. Tiirkmen et al. | Journal of Organometallic Chemistry 693 (2008) 425-434

(b) M. Yigit, I. Ozdemir, E. Cetinkaya, B. Cetinkaya, Trans. Met.
Chem. 32 (2007) 536;
(c) R. Kilincarslan, M. Yigit, L. Ozdemir, E. Cetinkaya, B. Cetinkaya,
J. Hetero. Chem. 44 (2007) 69.

[13] A.W. Van der Made, R.H. Van der Made, J. Org. Chem. 58 (1993)
1262.

[14] I. Ozdemir, S. Demir, B. Cetinkaya, E. Cetinkaya, J. Organomet.
Chem. 690 (2005) 5849.

[15] C.Y. Su, Y.P. Cai, C.L. Chen, M.D. Smith, W. Kaim, H.C. Zur
Loye, J. Am. Chem. Soc. 125 (2003) 8595.



	Synthesis and use of mono- or bisxylyl linked  bis(benzimidazolium) bromides as carbene precursors for C-C bond formation reactions
	Introduction
	Results and discussion
	Preparation of the 3,3 prime - and 1,1 prime ,3,3 prime -bridged bibenzimidazolium precursors
	Synthesis of di-bridged bibenzimidazolium salts, II(5-7 prime )
	The Heck C-C coupling reaction
	Synthesis of rhodium-carbene complexes and their catalytic activity for arylation of aldehydes
	General procedure for rhodium-carbene catalyzed addition of phenylboronic acid to aldehydes


	Conclusions
	Experimental
	General procedure
	Preparation of monoxylyl linked bis(benzimidazolium) bromides 1,2
	Preparation of bisxylyl linked bis(benzimidazolium) bromides (5, 6, 7)
	1,1 prime -Di(methoxyethyl)-3,3 prime -(2,4,6-trimethyl-1,3-xylylene)bibenzimidazolium dibromide (1a)
	1,1 prime -Di(2,4,6-trimethylbenzyl)-3,3 prime -(2,4,6-trimethyl-1,3-xylylene)bibenzimidazolium dibromide (1b)
	1,1 prime -Di(2,3,5,6-tetramethylbenzyl)-3,3 prime -(2,4,6-trimethyl-1,3-xylylene)bibenzimidazolium dibromide (1c)
	1,1 prime -Di(2,3,4,5,6-pentamethylbenzyl)-3,3 prime -(2,4,6-trimethyl-1,3-xylylene)bibenzimidazolium dibromide (1d)
	1,1 prime -Di(methoxyethyl)-3,3 prime -(2,4,6-trimethyl-1,3-xylylene)5,6-dimethylbibenzimidazolium dibromide (1 prime a)
	1,1 prime -Di(2,4,6-trimethylbenzyl)-3,3 prime -(2,4,6-trimethyl-1,3-xylylene)5,6-dimethylbibenzimidazolium dibromide (1 prime b)
	1,1 prime -Di(2,3,5,6-tetramethylbenzyl)-3,3 prime -(2,4,6-trimethyl-1,3-xylylene)5,6-dimethylbibenzimidazolium dibromide (1 prime c)
	1,1 prime -Di(2,3,4,5,6-pentamethylbenzyl)-3,3 prime -(2,3,	5,6-tetramethyl-1,3-xylylene)5,6-dimethylbibenz-	imidazolium dibromide (1 prime d)
	1,1 prime -Di(methoxyethyl)-3,3 prime -(2,3,5,6-tetramethyl-1,4-xylylene)bibenzimidazolium dibromide (2a)
	1,1 prime -Di(2,4,6-trimethylbenzyl)-3,3 prime -(2,3,5,6-tetramethyl-1,4-xylylene)bibenzimidazolium dibromide (2b)
	1,1 prime -Di(2,3,5,6-tetramethylbenzyl)-3,3 prime -(2,3,5,6-tetramethyl-1,4-xylylene)bibenzimidazolium dibromide (2c)
	1,1 prime -Di(2,3,4,5,6-pentamethylbenzyl)-3,3 prime -(2,3,5,6-tetramethyl-1,4-xylylene) bibenzimidazolium dibromide (2d)
	1,1 prime -Di(methoxyethyl)-3,3 prime -(2,3,5,6-tetramethyl-1,4-xylylene)5,6- dimethylbibenzimidazolium dibromide (2 prime a)
	1,1 prime -Di(2,4,6-trimethylbenzyl)-3,3 prime -(2,3,5,6-tetramethyl-1,4-xylylene)5, 6-dimethylbibenzimidazolium dibromide (2 prime b)
	1,1 prime -Di(2,3,5,6-tetramethylbenzyl)-3,3 prime -(2,3,5,6-tetramethyl-1,4-xylylene)5,6-dimethylbibenzimidazolium dibromide (2 prime c)
	1,1 prime -Di(2,3,4,5,6-pentamethylbenzyl)-3,3 prime -(2,3,5,6-tetramethyl-1,4-xylylene)5,6-dimethylbibenzimidazolium dibromide (2 prime d)
	1,1 prime -(2,4,6-Trimethylbenzyl-1,3-xylylene)-3,3 prime -(2,4,	6- trimethyl-1,3-xylylene)bibenzimidazolium dibromide (5)
	1,1 prime -(2,4,6-Trimethylbenzyl-1,3-xylylene)-3,3 prime -(2,4,6-trimethyl-1,3-xylylene)5,6-dimethyl-	bibenzimidazolium dibromide (5 prime )
	1,1 prime -(2,4,6-Trimethylbenzyl-1,3-xylylene)-3,3 prime -(2,3,	5,6-tetramethyl-1,4-xylylene)bibenzimidazolium dibromide (6)
	1,1 prime -(2,4,6-Trimethylbenzyl-1,3-xylylene)-3,3 prime -(2,3,5,6-tetramethyl-1,4-xylylene)5,6-dimethyl-	bibenzimidazolium dibromide (6 prime )
	1,1 prime -(2,3,5,6-Tetramethylbenzyl-1,4-xylylene)-3,3 prime -(2,3,5, 6-tetramethyl-1,4-xylylene) bibenzimidazolium dibromide (7)
	1,1 prime -(2,3,5,6-Tetramethylbenzyl-1,4-xylylene)-3,3 prime -(2,3,5,6-tetramethyl-1,4-xylylene)5,6-dimethylbibenzimidazolium dibromide (7 prime )
	General procedure for the preparation of [RhBr( eta 4-COD)(NHC)] (8)
	[Di(cyclopentadiene){1,1 prime -di(2-methoxyethyll)-	3,3 prime -2,3,5,6-tetramethyl-1,4-xylylene bibenzimidazole-2,2 prime -diylidene}]dirhodium(I) dibromide (8a)
	[Di(cyclopentadiene){1,1 prime -Di(2,4,6-trimethyl-	benzyl)-3,3 prime -2,3,5,6-tetramethyl-1,4-xylylenebibenz-	imidazole-2,2 prime -diylidene}]dirhodium(I) dibromide (8b)
	[Di(cyclopentadiene){1,1 prime -Di(2,3,5,6-tetramethyl-	benzyl)-3,3 prime -2,3,5,6-tetramethyl-1,4-xylylenebibenz-	imidazole-2,2 prime -diylidene}]dirhodium(I) dibromide (8c)
	[Di(cyclopentadiene){1,1 prime -di(pentamethylbenzyl)-3,3 prime -2,3,5,6-tetramethyl-1,4-xylylenebibenzimidazole-2,2 prime -diylidene}]dirhodium(I) dibromide (8d)


	Acknowledgement
	References


