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NHC-Pc-PEPPSI complexes with bulky benzyladamantyl sulied N-heterocycli
carbenes (NHC) were synthesisand characterised by NMR, HRMS, and n
analysis. These complexes were then used for Shdylura coupling reactiol
between aryl bromides and phenylboronic acid. Withv Icatalyst loading, ¢
synthesised complexes rapidly catalysed the Sudiyjdura crosszoupling reactio
in i-PrOH/water (1:3 v/v) at room temperature in air. Adligdium compounds we
stable and had high catalytic activity for the Siadiyaura coupling reaction.

2009 Elsevier Ltd. All rights reserved.

1. Introduction

N-heterocyclic carbene (NHC) complexes have bee

attracting considerable attention for the last 8arg due to their
unique performance in homogeneous catalysisNHC
complexes owe this unique performance both to thengto-
donor ability of NHC ligands and the stability of thveC, bond
in extreme reaction conditions. Also, steric hindemmf NHCs
contributes to metal complex stability. Modificatief the NHC
moiety has attracted great interest as a strategbtain better
catalytic performance under different catalytic ditions.

Among the various chemical transformations catalybgd
platinum group metals, palladium catalyzed reastiare widely
used. For example, the palladium catalyzed Suzukaita
reaction is one of the most important and prizedupling
reaction used to produce various bio-active anel éimemicals.’

Green chemical reactions extensively use waiére use of
water has changed the opinion that has existed forynyears
that many organic reactions occur only in orgamilvents. The
Suzuki reaction is a prototypical example of thendji,s of

reactions in watet.Many strategies have been reported for th

Suzuki reaction in aqueous media that addressedr-galighle
catalysts? addition of organic solvents and ligand-free

methodology? However, the Suzuki reaction has some

problems, such as low substrate solubility and gsttatability in

water. To overcome these problems, several addithege
@already been successfully utilisEd?®

Another way to improve the efficiency of Suzuki cgsis in
water is the employment of hydrophilic ligands, suehN-
heterocyclic carbenes (NHCs) or phosphine ligandspibethe
wide application and success of phosphine ligatds; suffer in
the Suzuki reaction due to toxicity, sensitivity &ir and
moisture, and difficult separation from organic ¢wots. As a
result, NHCs have emerged as alternatives to phospigands
due to superior features such as non-toxicity @adilgy in air
and moisturé”?The most well-known palladium catalyst series
for coupling reactions is PEPPSI-Pd (pyridine ermean
precatalyst preparation stabilization and initiajio type
complexes*® Since 2006, when Organ and co-workers reported
PEPPSI-Pd complexes that demonstrated high actioitsards
C-C cross-coupling reactioR%extensive studies on the structure
and activities of PEPPSI-Pd complexes have beelisped?’

In this study, a series of sterically hindered P&EPPd-NHC
complexes and their catalytic applications to Sithligaura
ecross-coupling reactions ifFPrOH/water were studied.

2. Results and discussion

Our strategy was based on the construction of stgrica
hindered benzyladamantyl substitutéttheterocyclic carbene
precursors from 4-adamantylbenzyl bromide (SchemeThis
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new compound was fully characterized by NMR and microcoupling reaction of 4-bromoanisole with phenylbacoacid in

analyses. The benzylic Glgrotons had a resonance at 4.50 ppm
To obtain the desired 1-(4-adamantylbenzyl)-3-anfstituted
NHC precursors, the N-benzyl substituted benzimidazotre
prepared according to our previous studieBhe reaction of N-
benzyl substituted benzimidazol with 4-adamanthytlyen
bromide in N,N-dimethylformamide (DMF) resulted in 1-
benzyladmantyl-3-aryl substituted benzimiadole ss@da—f) in
good vyields (70-90%). The formation of benzyladatylan
substitutedN-heterocyclic carbeneté—f) was clearly explicated
in the 'H and**C spectra, where the characteristic peaks due t
N-CH-N moieties were observed at 11.4%)( 10.82 4b), 11.56
(40), 10.68 4d), 11.44 4e), and 10.41 4f) ppm and at 152.7
(44), 152.4 4b), 152.5 4c), 152.4 4d), 152.5 4e), and 152.2
(4f) ppm in the'H and™*C NMR spectra, respectively, similar to
those previously reportétin the formation of N-benzyl NHC
salts.

The reaction of N-benzyladamantyl substituted NH@uriidy
precursors with Pdglin neat pyridine under air conditions
afforded ba—f) 70 to 90% yields according to a modified
literature procedure (Scheme %i).The PEPPSI-Pd(Il)-NHC
complexes were obtained as air- and moisture-stgblow
crystals. The complexesbd—f) were characterized by NMR,
HRMS spectroscopy and microanalyses. 1@ NMR spectra
displayed resonance due to e carbene carbon atoms &t
164.1, 163.7, 161.9, 161.6, 161.8, and 161.4 ppm the

complexesba—f, respectively. From these results, we can say that

the metal center of thea complex was electronically richer than
the others. This difference contributed positivigythe catalytic
activity of theSa complex in the Suzuki-Miyaura reaction.

The electrochemical properties Bd—f were investigated on bare
platinum electrodes at a scan rate of 100mV/s irnoadele
containing 0.1 mM TBAPC as the supporting electmlythe
cyclic voltammograms of 0.5 mMa—f complexes are shown in
Figure 11S (see supporting information). The etmttemical
responses oba—f were similar: The5a complex showed a
reversible reduction peak at Epc= -0.846 V with asoemted
oxidation peak at Epa= -1.114 V and irreversibledatbn peak
at Epa= +0.712 V. The cathodic peak potential ofbiheomplex
occurred at Epc= -0.941 V, while the complex was iaeid at
anodic potentials of Epa= -1.265 V and Epa= +0.649h& 5¢
complex was only reduced at Epc= -0. 939 V and ogdliat
Epa=-1.277 V and Epa= +0.583 V. The reduction péakebd
complex appeared at one potential, Epc= -0, 950 M|ewthe
oxidation peak of the complex appeared at two ptisntEpa= -
1.214 V and Epa= +0.625 V. The cyclic voltammogranthefbe
complex showed a reversible reduction peak at EPc&76 V
with an associated oxidation peak at Epa= -1.214 Y an
irreversible oxidation peak at Epa= +0.650 V. Theéhadic peak
potentials of thé&f complex occurred at Epc=-1.288 V and Epc=
-1.025 V, while the complex was oxidized at anodiakoe
potentials of Epa= -1.304 V and Epa= +0.655 V. Acaugdio
these cyclic voltammetry (CV) results, tba complex had the
lowest reduction and lowest oxidation potentials.

In order to reveal the catalytic activity of the
benzyladamantyl substituted PEPPSI-Pd-NHC complekes,
was subjected to a Suzuki-Miyaura coupling reactidvie
optimized the reaction condition by investigatingse- and
solvent-dependent conversions of the reaction betwde
bromoanisol substrate (1 mmol) wiBa (0.5 mol %) at room
temperature. It is well-known that the base has iticar
importance in determining the efficiency of the &kizreaction
when water is used as solvent. Therefore, firstlg, ¢ffect of
different bases was investigated for tha catalyzed Suzuki

different solvents. The results showed tha€®&; was the most

efficient base in-PrOH/H,O when compared to other inorganic
bases. Also, the reaction could tolerate other emig bases,
which gave moderate yields of the coupled produetbld 1,
entries 2-5).

Table 1 The optimization of solvent and base for the Suzuk
Miyaura reaction of 4-bromoaniséle

HACO ©—Br + ©—B(OH)2 2OSml%) OCH,

Solvent, Base

(0]

Entry Solvent Base Yield(%f
1 i-PrOH KCOs 65
2 i-PrOH NaCO; 52
3 i-PrOH CsCO; 44
4 i-PrOH KsPOy 51
5 i-PrOH KOH 40
6 H,O K,COs 35
7 DMF KoCOs 45
8 EtOH K:COs 60
9 MeOH KCO5 58
10 Acetone KCO; 39
11 i-PrOH/HO K2CGOs 96
(2:3)

12 i-PrOH/HO K2COs 90
(2:1)

13 DMF/H,O K2COs 74
(2:3)

14 EtOH/H,0 K2COs 81
(2:3)

15 i-PrOH/HO
(2:3)

#Reaction Condition:1 mmol of 4-bromoanisole, 1.2 ehof phenylboronic
acid, 1 mmol of base, 0,5 mol8&, 4 mL solvent, room temperature, 1 hour

® Isolated yield.

Secondly, the reaction was tested in different subtze
According to the literature, water is a very impottaalvent for
the Suzuki reaction as it increases the reacﬁ{)/imhus, we tried
combinations of solvents such a®rOH/H,O, DMF/H,0, and
EtOH/H,0. We found i-PrOH/HO to be the most useful
combination of solvents, and it gave excellent ltes(lable 1,
entries 11-12). This difference in reactivity may dttributed to
the good solubility of the carbonate base in water galladium-
PEPPSI complexes inPrOH. These helped to increase the
amount of the cross-coupled product in our catlgyistem. On
the other hand, water;PrOH, DMF, and DMF:EO solutions
were not as effective solvents or solvent combimatias the-
PrOH/HO (1:3) solvent combination (Table 1, entries 1-10).
However, the reaction in this solvent combination didt
produce product in the absence of base (Tabletdy, £5).

Then, to evaluate the scope of the limitationshef protocol
we had developed, different aryl bromides were exathin our
catalytic system. As shown in Table 2, either electtonating
or electron-withdrawing groups bearing aryl bromidesd
phenylboronic acid effectively afforded the corrasging
coupled products in good yields (61-99 %) in isparwol:water
mixture in a very short time at room temperatural(€ 2, entries
1-5). For example, 4-bromoacetophenone affordedbatgative
yield in 10 min, resulting in a TOF of 800" kiTable 2, entry 3).
However, electron-donating aryl bromides showed diigbtver
activity than electron-withdrawing aryl bromides doehe effect
of the electron-donating substituents on the nytidizity of the
aryl bromides (Table 2, entries 1,3). A trace amaeinhomo-
coupling by-product was observed, although crosplooy
reactions were carried out in air. The compfhad higher
catalytic activity when compared to other complex&te
attribute this higher performance to the electralfyc richer



palladium center of tha complex, which in turn is due to the
lower field resonance df,. Also, this catalytic system is almost
equally effective for electronically rich and poanyl bromides.
Thus, our system shows a significant improvementthe
production of coupled product when compared to eelat
literature* as it can be done at room temperature, in a vesyt sh
time, using green solvents, with low catalyst loadidé mol%),
and without using any additives.

Table 2 Catalytic activities oba-f complexes in the Suzuki
coupling reactions under optimized conditidns.

5a-f (0.5 mol%)
< e + BOH, —— ot R
@ ’ i-PrOH/H,0, K,CO3
P
Entry Product [catalyst]/yield (%) |
5a 5b 5¢ 5d 5e 5f
96, 95
1 ocn«, 3%, 61 33’ 66 78 68
7
o 5 o6,
2 o, 97 of 9T 9% oF
97,
3 s 57 8 84 75 69
4 96 88 87 80 74 81
(0]
5 ” 96 95 96 9F 9F 95

#reaction condition: 0.5 mél5a-f, 1 mmol p-R-Ce¢H,Br, 1.1 mmol
phenylboronic acid, 1.0 mmolLRG;, rt, 1h.

b |solated product

¢ use 2 mmol of substrate.

9 use 0.25 mdl of Pd-NHC.

€10 min.
3. Conclusion

We successfully synthesized six novel benzyladayhant
subtituted benzimidazol salts and six of their adilim
complexes. The electrochemical properties of thé®PH-Pd
complexes were investigated by using CV techniquemFthe
voltammetry results, it was found that these congsexxhibited
similar electrochemical responses and were elediveamn the
range of -1.214 to +0.583 V.
complexes, an appropriate catalytic system has begeloped
for the palladium catalyzed Suzuki-Miyaura reactidn
isopropanol/water. The complésa has shown better catalytic
activity than other complexes on Suzuki couplingct®n of
various aryl bromides in room temperature due twelo
reduction and oxidation potentials value. To corapdhe
catalytic activity of our system with recently publed data,
there are a few reports in the literature on SuMiliaura cross-
coupling of aryl bromides in aqueous media at raemperature
catalysed by Pd complex&s!’ Here, the yield is better than the
literaturé® when considering the amount of catalyst, time,
temperature and solvent system. This catalyticesysoffers a
mild and efficient alternative to existing methodsince it
proceeds at room temperature, under air, in greérersts, and
with low catalyst loading.

4. Experimental section
4.1. General remarks

The 'H and **C NMR spectra were recorded with a Bruker
Avance 1ll 400 MHz NMR spectrometer with sample sao$
prepared in CDGI The chemical shifts were reportedarunits
downfield from the internal reference (Mi). IR spectra were
recorded with a PerkinElmer Spectrum 100 GladiATRIRT/
spectrometer. Cyclic voltammetry oba—f complexes was
performed with a BAS (Bioanalytical Systems, Inc.)01BW
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electrochemical analyzer. A three-electrode elebtatcal cell
system was employed, consisting of an Ag/AgCl (CHécebde
as the reference, a platinum disk (CHI, 2 mm diameas the
working electrode, and a platinum wire in the formadgpiral as
the counter electrode, with acetonitrile that cargdi tetrabutyl-
ammoniumperchlorate (TBAP) as the supporting elégao
Electrochemical grade TBAP and acetonitrile were lpased
from Sigma-Aldrich. CV ofba—f complexes were studied in the
potential range of +1.0 to -2.0 V at a scan raté@¥mV/s. The
HRMS analyses were carried out with a Shimadzu LCMS-IT
TOFF instrument. All commercial compounds were used a
obtained. All coupling products of the Suzuki-Miyaweactions
were previously reported compounds.

4.2. Synthesis

Synthesis of 4-adamantanetoluehp (

Compoundl was synthesized according to literatéifeUnder
argon atmosphere 1-bromoadamantane (0.215g. 1.Qmmol
toluene (3.5ml) and a catalytic amount of In@& mol.) were
added to a round bottom flask. After stirring for B4at room
temperature, the mixture was washed by water (3x10 umti)

the pH will be neutral then the mixture extracted vether spirit
(3%x25ml). The organic layer was dried over anhydrtdgSQ
and concentrated under vacuum. The solid residudiltexed in

a small column with hexane give the title compodn@10 mg,
93%) gave as white crystals; [Found: C, 90.32; HQ9@® H.,
requires C, 90.20; H, 9.80%fH NMR (400 MHz, CDCJ):
$=7.23-7.16 (2H, m, C¥CsH,Ad), 7.06 (2H, d,J = 8.0 Hz,
CH;CeH,Ad), 2.25 (3H, s, B5CsH,Ad), 2.01 (3H, sHaq), 1.83
(6H, d,J=2.9 HZ,Hag), 1.76 —1.62 (6H, mH q); °C NMR (100
MHz, CDCL) 8=148.5, 134.9, 128.8, 124.7, 43.3, 36.8, 35.8,
29.0, 20.9.

4.2.1. Synthesis of 4-benzyladamantyl brom®le (

Compound 2 was synthesized according to literatiife.
Coumpond 1) (1g, 4.42 mmol), N-bromosuccinimide (NBS,
0.8669g, 4.86 mmol), 2.2’-azobisisobutyronitrile BN, 0.018 g,

For the PEPPSI-Pd-NHCO-11 mmol) and cyclohexane (7 mL) were added tound

bottom flask at room temperature. The mixture wasest and
refluxed for 2h. The reaction was monitored by TO®en the
mixture was allowed to cool to room temperature antemg0
ml) was added and reside was extracted with ethyatecédx10
ml), dried over anhydrous MgQOand concentrated under
vacuum. The residue was filtered in a small silichuoin and to
give the title compoun® (85%) as white solid; [Found: C,
84.30; H, 7.85; N, 8.32. £H,¢N, requires C, 84.17; H, 7.65; N,
8.18].;H NMR (400 MHz, CDCJ)): 6=7.34 (4H, s, CHCsH,Ad),
4.50 (2H, s, E1,CsHLAd), 2.09 (3H, SHaq), 1.90 (6H, tJ = 4.7
Hz, Hag), 1.77 (6H, qJ = 12.2 Hz,Hag); °C NMR (100 MHz,
CDCly) 6 151.8, 134.8, 128.8, 125.4, 43.0, 36.7, 36.2,,38BB.
4.2.2. Synthesis of N-substituted benzyladamasetytilmidazole
©)

Compound3 was synthesized according to literattffeound: C,
66.98; H, 7.02. GH,.Br requires C, 66.89; H, 6.93%)].

'H NMR (400 MHz, CDCJ): = 7.82 (s, 1H, NCHN), 7.57 (s,
1H, GHx(CHs),), 7.32 (s, 1H, €Hy(CHs),), 7.30 (s, 1H,
CH,C¢H,Ad), 7.14 — 7.07 (m, 3H, Ci€H,Ad), 5.27 (s, 2H,
CH,CeH,Ad), 2.35 (d,J = 8.7 Hz, 6H, @H,(CHs),), 2.08 (s,
3H, Hag), 1.88 (t,J = 6.6 Hz, 6H, Hy), 1.75 (q,J = 12.2 Hz,
6H, Hag); 3C NMR (101 MHz, CDG)) § 151.4, 142.5, 132.8,
132.5, 132.1, 131.1, 126.8, 125.5, 120.3, 110.13,483.1,
36.7, 36.1, 28.8, 20.5, 20 [Found: C, 66.98; H, 7.02.,&,,Br
requires C, 66.89; H, 6.93%.
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Scheme 1Synthesis of benzyladamanthyl substituted NHC ang,

their PEPPSI-Pd complexes™HInCl, (5 mol%). iif** (NBS, 1.1
mmol), 2.2’-azobisisobutyronitrile (AIBN, 0.025mmoland
cyclohexane  (7ml). iff  Benzimidazole or 5,6-
dimethylbenzimidazole (1 mmol), KOH (1 mmol), ethki80
mL), reflux, 24 h. J° RX (1.2 mmol), DMF (5 mL), 80C,
24h. v)*® PdCl (1 mmol), pyridine, 86C, 24h.

4.2.3. 1-(4-Adamantylbenzyl)-3-(4-ter-
butylbenzyl)benzimidazolium bromidi),

A mixture of 1-(4-adamantylbenzyl)benzimidazole (inot) and
4-alkylbenzylbromide (1.1 mmol) in dimethyl formatei (DMF;

3 mL) was stirred and heated for 2 days at 70 °CthBiesther
(15 mL) was added to obtain a white crystalline swlidch was
filtered off. The solid was washed with diethyl etli@x15 mL),
and dried under a vacuum to give the tittompound4a (500
mg, 8¢.) as white crystals; m.p= 309°6. [Found: C, 73.87; H,
7.35; N, 5.03. gH4:N,.Br requires C, 73.80; H, 7.25; N, 4.92 %].
'H NMR (400 MHz, CDCJ): 6= 11.75 (1H, s, NCHN), 7.54 (2H,
dt, J 7.0, 3.5 Hz, €H,), 7.47-7.39 (6H, m, &, and
CH,CeH,Ad and CHCsH4(CHs)s-4), 7.30 (4H, ddJ=11.8, 8.3
Hz, CHCeH,Ad and CHCH,(CHy):4), 575 (2H, s,
CH,CeH4(CHs)s-4), 5.23 (2H, s, CHCH,Ad), 2.00 (3H,s, Hg),
1.84-1.61 (12H, m, k), 1.20 (9H, s, ChHCeH4(CHs)s-4) ; C
NMR (100 MHz, CDC}): 8=152.7, 152.5, 143.0, 131.4, 129.5,
128.2, 128.2, 127.1, 126.4, 125.9, 113.8, 113.%4,91.3, 43.0,
36.6, 36.2, 34.7, 31.2, 28.8.

4.2.4, 1-(4-Adamantylbenzyl)-3-(2,3,4,5,6-
pentamethylbenzyl)benzimidazolium chloridie) (

Tetrahedron

142.6, 137.4, 134.1, 133.6, 131.7, 131.6, 129.9,.912127.1,
127.0, 125.8, 124.7, 113.9, 113.5, 51.3, 48.2,,43806, 36.2,
28.8.

4.2.5. 1,3-Bis-(4-adamantylbenzyl)-5,6-dimethylberdaaolium
bromide éc),

The synthesis odc was performed following the same procedure
employed for the preparation df, starting from 1 mmol of 1-
benzyladamanthyl-5,6-dimethylbenzimidazole and rb/2ol of
4-adamanthylbenzyl bromide to give the title compbdc (540
mg, 80) as white solid; m.p= decompose at 344£3[Found: C,
76.42; H, 7.61; N, 4.15. gHs;N,Br requires C, 76.42; H, 7.61;
N, 4.15 %]. 'H NMR (400 MHz, CDC)): 6=11.56 (1H, s,
NCHN), 7.41 — 7.22 (10H, m,d85(CHs),-5,6 and CHCgH,Ad),
5.67 (4H, s, CHC¢H,Ad), 2.28 (6H, s, €H,(CHs),), 2.00 (6H, s,
Hag), 1.83 — 1.59 (24H, m, 4) ; **C NMR (100 MHz, CDG):
6=152.5, 141.7, 137.3, 129.9, 129.8, 128.0, 12519.3, 51.0,
43.0, 36.6, 36.2, 28.8.

4.2.6. 1-(4-Adamantylbenzyl)-3-(2,4,6-trimethylbensyb-
dimethylbenzimidazolium chloriddd),

The synthesis of4d was performed following the same procedure
employed for the preparation 88, starting from 1 mmol of 1-
benzyladamanthyl-5,6-dimethylbenzimidazole and rbr2ol of
2,4,6-trimethylbenzyl chloride to give the titlerapound4d (447

g, 83) as white solid; m.p= decompose at 33C2[Found: C,
80.23; H, 8.06; N, 5.26. 4H4:N,Cl requires C, 80.19; H, 8.04;
N, 5.20 %].'H NMR (400 MHz, CDCJ): =10.68 (1H, s,
NCHN), 7.26 (5H, d, J =5.8 Hz, GH,(CH,),-5,6 and
CH,CeH,Ad), 6.97 (1H, d, J = 16.3 Hz, GH,(CH,)-5,6), 6.86
(2H, d, J=8.7 Hz, CHCH,(CH):2,4,6), 571 (2H, s,
CH,CeH,(CH,)3-2,4,6), 5.68 (2H, s, Ci:H,Ad), 2.26 (3H, s,
CH,CeH,(CH3)s-2,4,6), 2.25 (6H, s, Ci€sH,(CHs)s-2,4,6), 2.23
(3H, s, GHx(CH,),-5,6), 2.21 (3H, s, £1,(CH5;).-5,6), 2.00 (3H,

S, Hag), 1.79 — 1.60 (12H, m,_4A)); “°C NMR (100 MHz,
CDCly): 8= 152.4, 141.1, 139.8, 138.0, 137.9, 137.3, 137.3,
130.2, 130.0, 127.6, 125.8, 125.0, 113.4, 113.21,516.9, 43.0,
36.6, 36.2, 28.8.

4.2.7. 1-(4-Adamantylbenzyl)-3-(3,5-dimethylbenzy8)-5
dimethylbenzimidazolium bromidésy,

The synthesis ode was performed following the same procedure
employed for the preparation df, starting from 1 mmol of 1-
benzyladamanthyl-5,6-dimethylbenzimidazole and rbr2ol of
3,5-dimethylbenzyl bromide to give the title compduie (507
mg, 89) as white solid; m.p= 281.%. [Found: C, 80.10; H,
7.94; N, 5.41. gH4N,Cl requires C, 80.05; H, 7.87; N, 5.33 %].
'H NMR (400 MHz, CDCJ): =11.44 (1H, s, NCHN), 7.36 (2H,
d, J = 8.3, CHCH,Ad), 7.28 (2H, dJ = 8.3 Hz, CHCsH,Ad),
721 (2H, d,J 2.3 Hz, GHyCHs),), 6.95 (2H, s,
CH,CeH3(CHs)-3,5), 6.89 (1H, dJ = 16.5 Hz, CHCsH3(CHsz),-
3,5), 5.71 (2H, s, CKH3(CH5),-3,5), 5.62 (2H, s, CHC:H,Ad),
2.28 (3H, s, CHCgH3(CHs)2-3,5), 2.27 (3H, s, CHCsH3(CHz)--
3,5), 2.21 (6H, s, 42(CHs),), 2.00 (3H, s, i), 1.72 (12H, m)

- .13 S
The synthesis ofb was performed following the same procedure™ 48.0 Hz, Hy); “C NMR (100 MHz, CDGJ): 6=152.5, 141.8,

employed for the preparation 84, starting from 1 mmol of 1-
benzyladamanthyl benzimidazole and 1.2 mmol of 42536-
penthamethylbenzyl chloride to give the title compad4b (485
mg, 90Y) as white solide; m.p= 300°C. [Found: C, 80.25; H,
8.09; N, 5.29. gH4N,Cl requires C, 80.19; H, 8.04; N, 5.20
%]."H NMR (400 MHz, CDCJ): $=10.82 (1H, s, NCHN), 7.56—
7.23 (8H, m, gH,and CHCH,Ad), 5.84 (2H, s, CHCs(CHy)s),
5.76 (2H, s, CHCsH,Ad), 2.23 (6H, s, CKCs(CHs)s), 2.21 (3H,
S, CHC(CHy)s), 2.18 (6H, S, CHCo(CHs)s), 2.00 (3H, s, ),
1.79-1.61 (12H, m, i4). *C NMR (100 MHz, CDCJ): §=152.4,

139.1, 137.3, 132.6, 130.8, 130.0, 129.9, 129.8.112125.9,
125.7,113.3, 113.3, 51.3, 51.0, 43.0, 36.6, 3BAH.

4.2.8. 1-(4-adamantylbenzyl)-3-(2,3,4,5,6-pentambéngyl)-
5,6-dimethylbenzimidazolium bromid#)(

The synthesis oAf was performed following the same procedure
employed for the preparation df, starting from 1 mmol of 1-
benzyladamanthyl-5,6-dimethylbenzimidazole and rhr2ol of
2,3,4,5,6-pentamethylbenzyl chloride to give thke ttompound
4f (482 mg, 8%) as white solid; m.p= 207.2C. [Found: C,
80.51; H, 8.43; N, 5.03. £H4/,N,Cl requires C, 80.46; H, 8.35;



N, 4.94 %].'H NMR (400 MHz, CDCJ): §=10.41 (1H, s,
NCHN), 7.35 - 7.28 (5H, m, GiE¢H,Ad and GH,(CHs),), 7.22
(1H, s, GH(CH,),), 5.87 (2H, s, ChCs(CHs)s), 5.72 (2H, s,
CH,CeHAd), 237 (3H, s, @HiCHg)), 2.35 (3H, s,
CsHo(CHsz),), 2.32 — 2.26 (15H, m, GB¢(CHy)s), 2.08 (3H, s,
Hag), 1.88 — 1.70 (12H, m, 4 ) ; *°C NMR (100 MHz, CDGJ):
6=152.2, 141.1, 137.4, 137.3, 137.2, 134.1, 13336,3, 130.1,
127.7, 125.7, 124.7, 113.4, 113.1, 51.0, 47.6,,43806, 36.1,
28.8.

4.2.9. Dichloro[1-(4-adamantylbenzyl)-3-(4-ter-
butylbenzyl)benzimidazole-2-ylidene]pyridinepallad{li), 5a

In air, a pressure tube was charged with PdCI2 (180 In
mmol), 4a (1.1 mmol), K2CO3 (700 mg, 5 mmol) and B of
pyridine. The reaction mixture was heated with vigratirring
for 7 h at 80 oC then cooled to room temperaturg dituted
with dichloromethane (DCM). A short silica column waed for
filtration. All volatiles were evaporated. Residuelge solid
was washed with hexane (2x10 mL) and diethyl ethet@{2RrL).
Yellow solid was crystallized by DCM/Hexane (1:3) at moo
temperature to give the title compound 5a (603 8M),) as
yellow crystal; m.p= 214.6C. vy~ 1446.93 cnl. [Found: C,
64.54; H, 6.17; N, 5.74. gH4sNsCl,Pd requires C, 64.68; H,
6.09; N, 5.64 %]."H NMR (400 MHz, CDCJ): 8= 9.05 (2H, d,J

= 5.1 Hz, NGHs), 7.78 (1H, d, NgHs) 7.66 — 7.52 (4H, m,
NCsHs and GH,), 7.45 — 7.32 (6H, m, CicH4(CHa)s-4, CH,
and CHC4H,Ad), 7.17 — 7.05 (4H, m, C€H,(CHs)s-4 and
CH,CH,Ad ), 6.31 — 6.17 (4H, m, CiH4(CHs):-4 and
CH,CsH,Ad), 2.10 (3H, s, i), 1.92 (6H, s, k), 1.78 (6H, g,
=12.3 Hz, Hg), 1.32 (9H, s, ChCeH4(CHs)s-4 ). *C NMR (100
MHz, CDCL): 6=164.1, 164.0, 152.7, 152.1, 151.3, 151.1, 138.0
134.7,132.0, 127.8, 125.8, 125.2, 124.5, 123.1,5 B3.5, 53.2,
43.1, 36.8, 36.1, 34.6, 31.3, 28.9. HRMS(ESI) feyHzoN,PdC}
(M-H): calcd. 663.1525, found 663.2485;:8,N,Pd" (M*-H):
calcd. 593.2148, found 593.2130.

4.2.10. Dichloro[1-(4-adamantylbenzyl)-3-(2,3,4,5,6-
pentamethylbenzyl)benzimidazole-2-
ylidene]pyridinepalladium(Il)5b

The synthesis dbb was performed following the same procedure

employed for the preparation &, starting from4b to give the
titte compoundsb (637 mg, 84) as yellow crystal; m.p= 204.7
°C. vcn=1442.18 cril. [Found: C, 64.96; H, 6.31; N, 5.67.
C4iHN5ClLPd requires C, 64.87; H, 6.24; N, 5.54 96). NMR
(400 MHz, CDC}): 6=8.99 — 8.85 (2H, m, Ngis), 7.69 (1H, m,
NCsHs), 7.48 (2H, tJ = 11.0 Hz, NGHs), 7.32 — 7.22 (4H, m,
CeHy), 7.07 — 6.71 (3H, m, Ci€H,Ad), 6.34 — 6.02 (5H, m,
CH,C¢H,Ad, CH,C4(CHz)sand CHCsH,Ad ), 2.28 — 2.24 (9H, s,
CH,Co(CHy)s), 2.18 (6H, S, CHCH(CHy)s), 2.00 (3H, S, I),
1.81 (6H,s, Hy), 1.67 (6H, gJ = 12.2 Hz, H). "®C NMR (100
MHz, CDCL): 6=163.7, 152.6, 152.0, 151.3, 151.2, 138.0, 136.0
135.3, 134.7, 133.1, 132.1, 127.8, 125.3, 124.2.9,2122 5,
111.5, 53.4, 51.9, 43.1, 36.8, 36.1, 28.9. HRMS(E®)
CsgHiNoPd (M*-H): caled. 607.2305, found 607.2271;
CaeHaoN," (MT+H): caled. 503.3426, found 503.3361. [Found: C,
64.96; H, 6.31; N, 5.67. £H4/,NsCl,Pd requires C, 64.87; H,
6.24; N, 5.54 %].

4.2.11. Dichloro[1,3-bis-(4-adamantylbenzyl)-5,6-
dimethylbenzimidazole-2-ylidene]pyridinepalladium(8g,

The synthesis ofsc was performed following the same
procedure employed for the preparatiorbaf starting fromdc to
give the title compoun8ic (596 mg, 70) as yellow crystal; m.p=
decompose at 300?€.v(CN):1447.42 crit. [Found: C, 67.79; H,
6.61; N, 5.05. GHssNsCIPd requires C, 67.72; H, 6.51; N,
4.94%].'"H NMR (400 MHz, CDC)): $=9.02 (2H, s, NgHs),
7.76 (1H, s, NgHs), 7.59 (4H, d,J = 7.3 Hz, NGHs and

5
CeH2(CHa), ), 7.35 (6H, dd)J = 25.3, 17.3 Hz, CHCeH,Ad),
6.87 (2H, t, J=12.1 Hz, CHCH,Ad), 6.29-6.07 (4H, m,
CH,CeH,Ad), 2.20 (6H, s, gH,(CHs),), 2.10 (6H, s, k), 1.92
(12H, s, Hy), 1.79 (12H, s, ). °C NMR (100 MHz, CDCJ):
$=161.9, 152.6, 151.9, 151.3, 151.1, 137.9, 13333,4, 127.7,
125.3, 124.4, 111.7, 52.9, 43.1, 36.8, 36.1, 28RMS(ESI) for
CuaHsoN," (M*+H): calcd. 595.4052, found 595.4048.

4.2.12. Dichloro[1-(4-adamantylbenzyl)-3-(2,4,6-
trimethylbenzyl)-5,6-dimethylbenzimidazole-2-
ylidene]pyridinepalladium(il)5d

The synthesis ddd was performed following the same procedure
employed for the preparation Bf, starting fromdd to give the
titte compoundsd (561 mg, 74) as yellow crystal; m.p= 185.4
°C. vcn=1445.32 cril. [Found: C, 64.89; H, 6.28; N, 5.59.
C4HN5ClLPd requires C, 64.87; H, 6.24; N, 5.54 96). NMR
(400 MHz, CDCJ): =9.01 (2H, d,J = 6.3 Hz, NGHs), 7.77 (1H,
s, NGHs), 7.57 (2H, dJ = 7.9 Hz, NGHs), 7.37 (4H, dJ)=7.6
Hz, GH,(CHs), and CHCH,(CH3):-2,4,6 ), 7.02—6.74 (3H, m,
CH,CeH,Ad), 6.16 (5H, dt,J = 36.1, 21.1 Hz, CKCH,Ad,
CﬂzCGHz(CH3)3'2,4,6 and Q'ZCGH4Ad), 2.38 (gH, dJ =6.7 HZ,
CH,CeH,(CH3)3-2,4,6), 2.17 (3H, m, Bi,(CHs),), 2.10 (3H, s,
Hag), 2.03 (3H, m, @Hy(CHs),), 1.91 (6H, s, W), 1.78 (6H, g,

= 12.3 Hz,_H,). “C NMR (100 MHz, CDC)): $=161.6, 152.6,
152.1, 151.0, 139.0, 138.9, 137.9, 132.4, 131.9,7,3129.5,
127.7, 125.3, 124.4, 111.7, 53.0, 50.2, 43.1, 38681, 28.9.
HRMS (ESI) for G;H,NsPd" (M*-2Cl) calcd. 687.2805, found
687.1395; for GH,N.Pd (M™+H] calcd. 609.2461 found
609.2292.

4.2.13. Dichloro[1-(4-adamantylbenzyl)-3-(3,5-dimetignzyl)-
5,6-dimethylbenzimidazole-2-ylidene]pyridine palladli), 5e

The synthesis dbe was performed following the same procedure
employed for the preparation B§, starting from4e to give the
titte compound5e (603 mg, 8X) as yellow crystal; m.p=
decompose at 35(C. Vien=1446.30 crit. [Found: C, 64.55; H,
6.18; N, 5.77. GH4sNsClLPd requires C, 64.48; H, 6.09; N, 5.64
%)]. '"H NMR (400 MHz, CDCJ): $=8.92 (2H, d,J = 4.9 Hz,
NCsHs), 7.66 (1H, s, N€Hs), 7.50 (2H, dJ = 8.0 Hz, NGHs),
7.32 — 7.10 (6H, m, &15(CHs), and CHC¢H,Ad ), 6.91 — 6.71
(3H, m, CHCeH(CHs),-3,5 ), 6.18 591 (4H, m,
CH,C¢H3(CH3)»-3,5 and CHCeH,Ad), 2.23 (6H, s,
CH,CeHa(CH:)>-3,5), 2.11 (6H, s, §42(CH),), 2.00 (3H, S, Ia),
1.82 (6H, s, Hy), 1.74 — 1.62 (6H, m, k). °C NMR (100 MHz,
CDCly): 6=161.9, 152.7, 152.1, 151.3, 151.1, 138.3, 13739,2,
133.4, 133.2, 132.2, 129.6, 127.8, 127.7, 125.5.3,2124 .4,
111.7, 53.2, 52.9, 43.2, 36.8, 36.1, 28.9. HRMS )YHSI
CssHuoNLPd” (M*-H) calcd. 593.2148, found 593.2094; for
CasHagNo,Pd" (M*+2H] calcd. 489.3270 found 489.3251.

4.2.14. Dichloro[1-(4-adamantylbenzyl)-3-(2,3,4,5,6-
pentamethylbenzyl)-5,6-dimethylbenzimidazole-2-
ylidene]pyridinepalladium(Il) 5f

The synthesis dbf was performed following the same procedure
employed for the preparation 68, starting from4f to give the
titte compoundsf (710 mg, 9@) as yellow crystal; m.p= 236.3
°C. ven=1444.74 cril. [Found: C, 65.66; H, 6.61; N, 5.43.
CuHs:NsClLPd requires C, 65.61; H, 6.53; N, 5.34 96). NMR
(400 MHz, CDC}): 6=8.92-8.80 (2H, m, NgHs), 7.66 (1H, s,
NC:sHs), 7.47 (2H, dJ = 8.1 Hz, NGHs), 7.25 (4H, ddJ = 15.3,
7.3 Hz, GHy(CH,), and CHCH,Ad ), 6.71 (1H, tJ = 13.3 Hz,
CH,CeH,Ad), 6.17 — 5.91 (5H, m, Ci€H,Ad, CH,Ce(CHg)sand
CH,C¢H,Ad ), 2.25-2.18 (15H, m, Ci&s(CHz)s), 2.05 (3H, m,
CsH2(CHz),), 2.00 (3H, s, k), 1.93 (3H, m, GH,(CHa),), 1.81
(6H, s, Hg), 1.68 (6H, ) = 12.3 Hz,_H_). °C NMR (100 MHz,
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CDCly): 6=161.4, 152.6, 152.0, 151.2, 151.0, 137.8, 135.210.(a) Plenio, C. A.; Fleckenstein, Hereen Chem2007, 9,

134.8, 133.9, 133.0, 132.3, 131.7, 128.2, 127.5.2,2124.4,
111.9, 111.4, 53.1, 51.3, 43.1, 36.8, 36.1, 28.9MSRESI) for
CsgHuN," (M™+H) caled. 531.3739, found 531.3678.

4.2.3. General Procedure for the Suzuki Couplingdiea

Under air, a 10 mL tube containing a stirring bar wharged
with palladium catalyst (0.5 mol %, 0.005 mmol), gesium
carbonate (138 mg, 1 mmol), aryl
phenylboronic acid (135 mg, 1 mmol), isopropanad (hL), and
water (3 mL). The mixture was stirred at room terafige for an
appropriate time. The reaction was quenched with watet the
mixture was extracted with ethyl acetate, dried with3@,, and
filtered on short silica. The solvent was removedarreduced
pressure to give the crude product. The residueswbcted to
PTLC (hexane:ethyl acetate) (9:1) to give the guroeluct.
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