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1. Introduction The direct arylation of thiazoles generally givhe C2- and
Cb5-arylated products with high regioselectivity. TB2-position
of thiazole is electron poor and acididk@ ~ 29.5) due to the
proximity of the two heteroatomand the C5-position is the most
electron-rich as a consequence of the resonaneeC#kposition
of thiazole is neither electron-rich nor electraopand as such
will only react under forcing conditions when the-Ghd C5-

ositions are blockéd**(Scheme 1).

Heteroaryls attached with aryl or heteroaryl grougmesent
privileged structural motifs that are utilized ioth natural and
synthetic compounds, as well as in bioactive comgsuand
pharmaceuticals® Due to their essentiality, heteroaryl motifs
have attracted synthetic chemists for more tharrducy, and
numerous protocols have since been developed far
construction of (hetero)aryl-(hetero)aryl bonds émploying
transition-metal catalysfs'° Among them, the Suzuki-Miyaur4, ‘ . y
Negishi® and Kumad® reactions are so successful that theys 1}/ . XQR [Pd] e\ SYR
have already become routine practices in synthalioratories. 4 \_/ Base K]
However these methods have still some fundamentalbdreks,
as they required an additional synthetic operatfonsaccess to C5-Arylated product
organometallic substrates, and produce a stoichigmamount
of metal waste from the arene-activating groups wgmnpletion Scheme 1. Generalized palladium-catalyzed direct C5-arylation
of the cross-coupling reactidh. Therefore, environmentally Of C2-position blocked thiazole with aryl halides.
benign and atom economical strategies for heteloagpnthesis,
in terms of overall minimization of the formatiof twy-products The palladium-catalyzed direct arylation of an azahg was
and the simplification of overall synthesis proemssare fiIrst accomplished in 1989 by Ohta etllhe impressive foray
required. The transition-metal-catalyzed direct latign of into the direct arylation of thiazole, oxazole andidazole
aromatic C-H bonds is an ideal alternative. In tireat C-H  Yielded astounding results, both in terms of cosweer and
bond activation, one of the preactivated reactiamtrers is selectivity. Taking thiazole and oxazole in dimeé#tgtamide,
replaced by a simple C-H containing compound, whichat together with tetrakistriphenylphosphino palladiuin(land
only just of academic interest but also attractioe industrial ~ Potassium acetate, a heterocyclic chloride coulddupled at the

applications, since only one preactivated reactmtner is C5-position of the azole ring in yields of up to%83Since these
needed* exciting results, the palladium-catalyzed direcylation of

various heteroaromatics with aryl halides has protede a
Thiazoles have vast application, being prominemypanents ~ Powerful method for the synthesis of a wide varietyarylated
of biologically active natural products, as well as heterocycled? In this connection, recently we have also reported
pharmaceutical® agrochemicalé’ and novel optical materiafs. ~ direct arylation of different heteroaromatic compds with aryl
As selected examples, Meloxicam is a non-steroidati- a halides catalyzed by palladium(ll) complexes camtej N-
inflammatory compound used to treat arthritis, dgeorrhea and heterocyclic carbene (NHC) ligandfsThe strongs-donating but
fever®® and Cefotaxime is a third generation cephalosporirfP0Orm-accepting ability of NHC ligands lead to the forroatiof
antibiotic with broad spectrum activity against bgthm positive ~many stable palladium complexes. Due to activitgbiity and
and gram negative bactefiaAlso, Thiamin (Vitamin B1) is a Selectivity of palladium(ll)-NHC complexes, they fawbeen
vital vitamin for neural function and the metabolisof  Widely used as highly reactive and rather seleatatalysts for
carbohydraté? Ethaboxam is a fungicide used to treat mould andUmerous direct arylation reactions. But, only & txamples of
blight** and Thiamethoxam is a neonicitinoid insecticideduas ~ Palladium(ll)-NHC-catalyzed direct arylation of thedes were
seed treatmerfts (Figure 1). Considering the importance of found in the literature to daf@ For this reason, we synthesized a
thiazoles in pharmaceutical and agrochemical imglpitis clear ~ Series of new benzimidazolium chlorides as NHC liga(isf),
that, how popular these substrates are for the tdagdation ~ and their corresponding palladium(ll)-NHC complexéza-f),

studie<® with the general formula [PAENHC),], in this study. All new
compounds were characterized By NMR, *C NMR, IR
/{ N spectroscopy and elemental analysis techniques. , Next
s % ’ \fﬁﬁ s palladium(ll)-NHC complexes were tested as catalysttha
g 0 _ direct C2-arylation of 4,5-dimethylthiazole and @&dation of
/\ “0,Me . . . . ..
° CoH < 2-n-propylthiazole with aryl bromides in moderate tghyields.
Meloxicam M N Cefotaxime
e NH, . .
Yo OH 2. Results and discussion
Cl Me

2.1. Synthesis of benzimidazolium chlorides
Thiamin (Vitamin B1)

CN O
$ - *X s The benzimidazolium chloridela-f were synthesized by the
\ . \g% ' N SN reaction of N-(3-methoxybenzyl)benzimidazole with different
t Me N02

alkyl chlorides in anhydrous dimethylformamide (D)Vi 80°C
Fthaboxam Thiamethoxam for 36 h. All compounds were isolated as air- andstuoé-stable
crystalline solids in high yields (65-93%). Theustures of the

Figure 1. Examples of biologically active thiazole derivatsy 1af were determined by their characteristic spectroscdata



and elemental analyses. In tR% NMR spectra ofla-f, the
characteristic peak of the imino carbon(OfiN), resonance were
detected as typical singlets at between 142.9-1ggni. The'H

3
NMR ‘“values are similar to those found for other
benzimidazolium salts in the literatu¥&® The formation of the
la-f were also evident through their IR spectra, whichwsid

NMR spectra of thela-f further supported the assigned peaksv-yy at between 1557-1563 &nfor the -C=N- bond
structures, the resonances for CRwere observed as sharp vibration of 1a-f. The benzimidazolium chlorides were prepared

singlets at between 11.42-12.10 ppm (see SI, pB51&)- The

according to general reaction pathway depicted heBe 2.
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Scheme 2. Synthesis of benzimidazolium chloriddsf).

2.2. Synthesis of palladium(ll)-NHC complexes

The palladium(ll)-NHC complexe®a-f were synthesized by
the reaction of benzimidazolium chloride$a{), with Pd(OAc)
in degassed dimethyl sulfoxide (DMSO) at 1@for 24 h. All
palladium(Il)-NHC complexes were obtained as lightlowl
solids in 40-59% yields. The air- and moisture-gab
palladium(Il)-NHC complexes were soluble in organitvents
such as acetone, dichloromethane, chloroform, DNtfarel and
acetonitrile. The structures of th2a-f complexes were also
determined by their characteristic spectroscopida dand
elemental analyses. In the NMR and**C NMR spectra of the
all palladium(ll)-NHC complexes, loss of the benzia®dlium
proton (NGHN) and benzimidazolium C2-carbon @NIN) signal

suggests the formation of the palladium complexgése
characteristic peak of the Rzpene resonance for all
palladium(Il)-NHC complexes were detected at betweeh7t8
182.4 ppm, however, NMR studies showed that all pialtafil)-
NHC complexes excef@d were a mixture o€is/transisomers in
an approximate 40:60 ratio (see Sl, pp. S13-S248. résults of
the elemental analysis were in good agreement with th
theoretical values. Palladium(ll)-NHC complexes eithia
characteristiovncn) band typically at between 1402-1408 tm
The spectroscopic data are similar to those foumd dther
palladium(ll)-NHC complexes in the literatuf&° The 2a-f
complexes were prepared according to general reapathway
depicted in Scheme 3. The analytical data are adgmreement
with the compositions proposed for all the new conmolsuwe
prepared, and are summarized in the Table 1.
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Table 1. Physical and spectroscopic properties of new comgsu

Isolated yield M.p. v H(2) '*H NMR C(2)**C NMR
Compound Molecular formula (%)y (0(?) (c(r(;\"?) ( )(ppm) ( zppm)a
la C22H20CIN,O 65 126-127 1558 12.10 144.1
1b Ci9H23CINO 79 102-103 1560 11.86 143.6
1c C2:H2:CIN,O 85 131-132 1557 11.85 143.7
1d Ca23H23CINLO; 75 190-191 1557 12.09 142.9
le Ca6H29CIN,O 93 195-196 1558 11.42 143.9
1f Ca2sH,7CIN,O, 82 141-142 1563 11.78 1435
2a CasH3sCI4N,OPd 52 201-203 1408 - 182.3 and 182.5
2b CagH44CILN,O,Pd 53 148-150 1403 - 181.7 and 181.8
2c Cu4H40CIN4,O,Pd 59 150-152 1406 - 182.3 and 182.4
2d CueH44CILN,O4Pd 59 296-298 1406 - 181.9
2e Cs2Hs¢ClLN4,O,Pd 40 263-265 1402 - 182.2 and 182.3
2f CsoHsCl.N,O4Pd 45 198-200 1408 - 181.7 and 181.8

2As previously reported by several grodp$\MR data showed that all palladium(ll)-NHC compexexcep®d werecis/trans mixtures.

2.3. Direct arylation of thiazole derivatives

To determine the optimal catalytic conditions, wiesked the
complex2a as the model catalyst, and the-propylthiazole as
the model heteroaromatic substrate with a blockeep@2tion.
We used the 4-bromoacetophenone or 4-chloroacetopkeas
the model coupling partner. Also, we selected DMAC fas t

5-membered heterocycl&We focused on the direct arylation at
the Cb5-position of Zr+propylthiazole. The coupling reactions
were regioselective, and in almost all cases, drdyG5-arylated
products were formed. The results of varying thesotieaction
conditions, including catalyst loading, chlorinatcktophenone,
reaction time and reaction temperature are givehainle 2.The
chemical characterizations of the products were nigdsMR.

solvent, and KOAc as the base, because the DMAc/KOAdhe conversions were based on the aryl halide by GCGC-

combination has been commonly used for the dirgdaton of

MS.
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Table 2. Influence of the reaction conditions for palladillnNHC-catalyzed direct C5-arylation of 2propylthiazole with 4-
chloroacetophenone and 4-bromoacetophéhone

0
S 0 Pd-NHC, 2a S
&W/\/ + X@—< { W/\/
N KOAc, DMAc, 150 °C N
X=ClorBr
Entry 2a (mol-%) X Time (h) TemperaturéQ) Conversion(Yield)® (%)
1 No Br 2 150 -
2 2 Br 2 150 100(91)
3 1 Br 2 150 100(91)
4 1 Br 2 120 78(64)
5 1 Br 2 90 67(53)
6 1 Br 1 150 94(85)
7 1 Br 0,5 150 64(47)
8 05 Br 1 150 57(36)
9 1 Cl 1 150 -
10 1 Cl 2 150 -
11 1 cl 4 150 4(<2)
12 1 cl 8 150 12(<5)
13 1 Cl 16 150 22(10)
14 1 Cl 20 150 25(15)

#Conditions: 2a-propylthiazole (2.0 mmol), aryl halide (1.0 mmd{)QAc (2.0 mmol), DMAc (2 mL), 150 °C.
PConversions were calculated with respect to arjtiadrom the results of GC and GC-MS spectrometry.
‘Isolated yields were shown in parentheses.

The arylation of 2a-propylthiazole with 4-bromo- entries 9 and 10). Although the reaction time wasdgmiy
acetophenone was first carried out at i60for 2 h without the increased from 4 h to 20 h, no significant increasethe
addition of palladium complex in order to examihe effect of conversion rate was observed (4-25%) (Table 2, emnttil-14).
catalyst on the reaction. As attempt, no productsewermed  Therefore, no direct arylation of aryl chloride qoounds with
without the addition of palladium complex (Tableedtry 1). In  thiazole derivatives has been performed.
the presence of 2 mol% @k as the catalyst, KOAc as the base,

DMAc as the solvent and 4-bromoacetophenone as thglicg Under the determined optimal conditions, KOAc as thgeb
partner at 150 °C for 2 h, the C5-arylated produas obtained in DMAc at 150 °C for 1 h, the palladium(ll)-NHC compés
full conversion with 91% isolated yield (Table 2,trgn2). An 2a-f (1 mol%) were further examined in the direct CSkatign
decrease of the catalyst loading from 2 mol% todl%mwhen  of 2-n-propylthiazolewith a blocked C2-position and the direct
the reaction was performed at similar conditions haml  C2-arylation of 4,5-dimethylthiazole with a block€d- and C5-
significant effect on the reaction, because offtleconversion  positions with five aryl bromides, namely, bromobeme, 4-
were obtained (Table 2, entry 3). Decreasing the timac bromotoluene, 4-bromoanisole, 4-bromobenzaldehydd 4-
temperature from 150 °C to 12C€ or 90 °C had a detrimental bromoacetophenone (Table 3 and Table 4). InitiaNye
effect on the conversion (Table 2, entries 4 andVBhen the performed the palladium-catalyzed direct arylatioh 2-n-
reaction time was reduced from 2 h to 1 h no nolileaffect on  propylthiazole with aryl bromides. Regioselective/lation on
the conversion (94%) was observed (Table 2, entrp@)when only the C5-position of 2-propylthiazole was observed using
the reaction time was reduced to 0.5 h, the conrmerdiopped to  different aryl bromides, because the hydrogen etGB-position
64% (Table 2, entry 7). Reducing the catalyst logdirom 1  of 2-n-propylthiazole is more reactive than that of C4ifion.
mol% to 0.5 mol% at 158C for 1 h decreased the isolated yield When the reaction of B-propylthiazole with bromobenzene, 4-
(36%) (Table 2, entry 8). Finally, the best corui leading to bromotoluene, 4-bromoanisole, 4-bromobenzaldehydd 4-
94% conversion with 85% isolated vyield of 4- bromoacetophenone using complexaf as catalysts was
bromoacetophenone with high selectivity in favortbé C5- investigated, conversions at between 67-93%, 64-%BB485%,
arylated product were obtained, when the reaction seaded 82-97% and 76-94% were observed, respectively (Tapl&he
out in DMAc/KOAc combination in the presence of 1 mdl#  reaction of 2a-propylthiazole with bromobenzene generated the
catalyst at 156C for 1 h (Table 2, entry 6). The conditions are 5-phenyl-2n-propylthiazole in 93% conversion in the presence
commonly used for the direct arylation of 5-memblere of 2a and 2f (Table 3, entries 1 and 6). The reaction ofi-2-
heterocycles. For this reason, the conditions &e eonsistent propylthiazole with 4-bromotoluene gave the expegtexdiuct in
with  the literaturé®*® When the less reactive 80% isolated yield in the presence2af (Table 3, entry 7). The
4-chloroacetophenone was used as substrate ingserme of 1 reaction of the electron-rich 4-bromoanisole with n-2-
mol% of 2a catalyst at similar conditions, no conversion waspropylthiazole gave the 5-(4-methoxyphenylj-propylthiazole
observed after lower reaction time such as 1 or @dble 2, in 85% conversion and 73% isolated yield in thespree of 1
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mol% of palladium complex2f (Table 3, entry 18). 4-

the 2-(4-methylphenyl)-4,5-dimethylthiazole in 90&6nversion

Bromoanisole was also successfully coupled withn-2- and 74% isolated yield in the presenceaf(Table 4, entry 7).

propylthiazole in the presence 8& to give desired product in
68% isolated yield (Table 3, entry 13).nZ2ropylthiazole also
reacts with 4-bromobenzaldehyde to give in 97% cmsior and

Moderate yields of 2-(4-methoxyphenyl)-4,5-dimethidzole
were obtained for the coupling with 4-bromoanisoléngis
catalysts 2a-f (Table 4, entries 13-18) with little variance

80% isolated yield witl2f (Table 3, entry 24). High yields of 5- between the complexes. 4-Bromobenzaldehyde and 4-
(4-acetylphenyl)-2»-propylthiazole were obtained for the bromoacetophenone gave moderate to high yieldRedrgation

coupling with 4-bromoacetophenone using cata®gs({Table 3,
entry 25).

Finally, the scope of the direct arylation reactioras
extended to 4,5-dimethylthiazole. Regioselectivglation on
only the C2-position of 4,5-dimethylthiazole was eh®d.
Because the C4- and C5-positions of 4,5-dimetrgitblie is
blocked with methyl group, only the C2-position waglated.
When the reaction of 4,5-dimethylthiazole with brdrapzene,
4-bromotoluene, 4-bromoanisole, 4-bromobenzaldelguid 4-

products in the presence of 1 mo®&f (Table 4, entries 19-30).
Generally, the reactivity of 4,5-dimethylthiazole veasilar to 2-
n-propylthiazole, and the conversions for substra@staining
electron-withdrawing groups were higher than those for
substituents containing electron-donating groups.

The palladium-catalyzed direct arylation of thia=olwith
aryl bromides has also been previously describedvdnjous
groups>®*® In the previous works, similar substrates have been
employed with higher catalyst loading (2-5 mof®8)***®and

bromoacetophenone using complegesf as catalysts was also higher reaction time has been chosen (4-48'h¥for arylation

investigated, conversions at between 71-97%, 74-%®487%,
76-91% and 80-93% were observed, respectively (Table
Bromobenzene gave to high isolated yields of C2a#ipn
products in the presence of 1 moPBf (Table 4, entry 6). The
reaction of 4,5-dimethylthiazole with 4-bromotoluegenerated

of thiazoles with aryl bromides. But, in the presewnirk the
catalyst loading was reduced to 1 mol%, and theticga¢ime
was shortened to 1 h. Moreover, in the present statigfactory
results were obtained as compared to previous s&Stit

Table 3. Pd-NHC-catalyzed direct C5-arylation ohzsropylthiazole by using aryl bromides

Pd-NHC (2a-f) R
S 1 mol% S
&z/\/ + Br@R . \Q\&Y\/
KOAc, DMAc, N

150°C, 1 h
Entry Aryl bromide Catalyst Product Conversion(Yield)® (%)

1 2a 93(83)
2 2b 73(61)
3 2c S 67(54)
4 Br@ 2d Q\&Y\/ 89(75)
5 2e N 84(70)
6 2f 93(80)
7 2a 92(80)
8 2b 75(62)
9 2c S 82(68)
10 BrO— 2d \Q\&)/\/ 64(50)
11 2e N 85(70)
12 2f 90(77)
13 2a 81(68)
14 2b MeO 66(54)
15 2c S 71(58)
16 BrOOMe 2d \Q\&Y\/ 76(63)
17 2e N 68(57)
18 2f 85(73)
19 2a 85(70)
20 o 2b N 82(70)
21 Br4©_< 2 ; S 3352;
22 2d

23 H 2e \ ?/\/ 92(79)
24 2f 97(80)




25 2a 94(85)

26 2b N 76(62)

27 0 2c q 84(70)
Br

28 ‘< >_< 2d 79(66)

29 2e \ z/\/ 89(74)

30 of 92(78)

#Conditions: Pd-NHQa-f (0.01 mmol), 2a-propylthiazole (2.0 mmol), aryl bromide (1.0 mmd{OAc (2.0 mmol), DMAc (2 mL), 150 °C, 1 h.
PConversions were calculated with respect to amgirtide from the results of GC spectrometry.
‘Isolated yields were shown in parentheses.

Table 4. Pd-NHC-catalyzed direct C2-arylation of 4,5-dimethidzole by using aryl bromidgs

Pd-NHC (2a-f) £
§ 1 mol% S
TR - W/@
N KOAc, DMAc, \ N

150°C, 1 h
Entry Aryl bromide Catalyst Product Conversion(Yield)® (%)
1 2a 90(76)
2 2b 78(65)
3 2c SYQ 71(57)
4 Br 2d S/ 83(70)
5 % N 93(80)
6 2f 97(84)
7 2a 90(74)
9 2b 81(67)
9 2c SYQ/ 88(75)
10 Br4©7 2d \ 74(60)
11 % N 86(73)
12 2f 84(70)
13 2a 83(68)
14 2b OMe 59(45)
15 2c SYQ/ 68(53)
16 BrO—OMe 2d \ 75(60)
17 2e N 68(55)
18 2f 87(73)
19 2a o 90(76)
20 o 2b 76(63)
21 . 2c s . 89(74)
22 < > zH 2d \57 ) 79(66)
23 2e N 91(76)
24 2f 79(66)
25 2a o 93(80)
26 2b 80(65)
27 0 2c S 85(66)

N
©

2d \ / 81(61)
2e N 89(76)
30 of 90(75)

“Conditions: Pd-NHQ@a-f (0.01 mmol), 4,5-dimethylthiazole (2.0 mmol), abybmide (1.0 mmol), KOAc (2.0 mmol), DMAc (2 mL)50 °C, 1 h.
PConversions were calculated with respect to amyirtide from the results of GC spectrometry.
‘Isolated yields were shown in parentheses.

3. Conclusion on the palladium complex was observed for the cagpdif aryl
bromide with thiazole derivatives.Surprisingly, similar
In summary, six new benzimidazolium halides and rtheiconversions were obtained for the coupling of eachl a
corresponding palladium(ll)-NHC complexes were susitdly bromides. We can say that there is no significafferénce
synthesized and characterized by NMR and IR spsxtfy, and  between these complexes on the catalytic activitydiéct
microanalysis techniques. The catalytic activitigfs the new arylation of thiazole derivatives by aryl bromideBhe only
palladium(Il)-NHC complexes were investigated in tirect C2-  significant difference betweeRa-f complexes indicates that
or C5-arylation of thiazole derivatives. In all easexcept in a electronic effects are also playing some role Eséhprocesses.
few cases with complexX2a, high conversions of the aryl The performances and stabilities of these processag be
bromides were observed. Only a minor effect of the Nigand  attributed to the ability of the possibility of flible substituents
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on 2a-f complexes, which would rotate away from the axia sit
of the palladium center. Also, Glorius has recengyarted that
the possibility ofin situ generated of palladium nanoparticle
when used less bulky substituents, and this proeesgd be
rapid occurred? Finally, when compared to previous repdPts,
satisfactory results were obtained with aryl bromiiepresence
of low catalyst loading in this study. This low cgtl loading
procedure is economically and environmentally ativa. Also,
the only byproducts are AcOH/KBr instead of metalitswith
classical coupling procedures such as Suzuki,eStll Negishi
reactions. Moreover, no preparation of an organaliet
derivative is required, reducing the number of stegnd
consequently the amount of waste to prepare thespaands. It
has to be emphasized that this procedure is enieatally more
attractive than these classical coupling procedures

4, Experimental

4.1. General methods

Tetrahedron

from ethanol/diethyl ether mixture (1:2/v) at room temperature
and, completely dried under vacuum. All benzimidazul
chlorides fa-f) were isolated as air- and moisture-stable white
solids and were isolated in 65-93% vyields.

4.2.1. 1-(3-Methoxybenzyl)-3-(4-chlorobenzyl)bendandlium
Chloride (1a)

(1.10 g, yield 65%JH NMR (300 MHz, CDC}, 25°C): 6 =
3.72 (s, 3H, CHCeHA(OCH,)-3); 5.74 (s, 2H, E,CsH4(CN)-4);
5.86 (s, 2H, €l,CsH,(OCH,)-3); 6.76-7.53 (m, 12H, arom.H3,
NCsHN, CH,CsHA(OCHs)-3 and CHCgH4(CI)-4); 12.10 (s, 1H,
NCHN) ppm. *C NMR (75 MHz, CDC}, 25 °C): § = 50.7
(CH,CgH4(C)-4); 51.6 CH,CeH4(OCH,)-3); 55.6
(CH,CeH4(OCH,)-3); 113.7, 113.8, 114.9, 120.2, 127.1, 129.5,
129.9, 130.4, 131.2, 131.3, 131.4, 134.0, 135.0,3L6arom Cs,
NCeHAN, CHCH,(OCH:)-3 and CHCeH,(CI)-4); 144.1
(NCHN) ppm. Elemental analysis calcd (%) fop.&,oCI,N,O
(Mr = 399.30): C 66.17, H 5.05, N 7.02; found (%)66.19, H
5.08, N 7.05.

All manipulations were carried out under argon using

standard Schlenk line techniques. Chemicals angestd were
purchased from Sigma-Aldrich Co. (Poole, Dorset, URhe
solvents used were purified by distillation over thging agents
indicated and were transferred under argon. DMAc gicaly
grade (99%) was not distilled before use. KOAc (99%}% wa
employed. Elemental analyses were performed nypnii
University Scientific and Technological Research t€en
(Malatya, Turkey). Melting points were measures ipero
capillary tubes with an Electrothermal-9200 meltipgints
apparatus. IR spectra were recorded on ATR unitérrdnge of
400-4000 crt with Perkin Elmer Spectrum 100
SpectrofotometerH NMR and™*C NMR spectra were recorded
using Bruker Avance AMX and Bruker Avance Il spectroene
operating at 300, 400 and 500 MHE (NMR) and at 75, 100 and
125 MHz ¢°C NMR) in CDCL. The NMR studies were carried
out in high-quality 5 mm NMR tubes. The chemicaltshi) are
reported in ppm relative to CDLCICoupling constants] (values)
are given in hertz. NMR multiplicities are abbreeias follows:

s = singlet, d = doublet, t = triplet, pent = penkeext = hextet, m
= multiplet."H NMR spectra are referenced to residual protiate
solvents § = 7.26 ppm for CDG), **C chemical shifts are
reported relative to deuteriated solvenés= 77.16 ppm for
CDCly). All catalytic reactions were monitored on an Agilen

4.2.2. 1-(3-Methoxybenzyl)-3-(n-butyl)benzimidazuliChloride
(1b)

(1.10 g, yield 79%)H NMR (500 MHz, CDC}, 25°C): 6 =
0.97 (t,) = 7.4 Hz, 3H, CHCH,CH,CH,); 1.45 (hext3J) = 7.4
Hz, 2H, CHCH,CH,CHj); 2.04 (pent,®) = 7.4 Hz, 2H,
CH,CH,CH,CH,); 3.77 (s, 3H, CHCsH4(OCH,)-3); 4.61 (t,°J =
7.5 Hz, 2H, ®,CH,CH,CH); 5.88 (s, 2H, E,CsH,(OCH;)-3);
6.82-7.70 (m, 8H, arom. s, NGH,N and CHCH,(OCHy)-3);
11.86 (s, 1H, NEIN) ppm.**C NMR (125 MHz, CDGJ, 25 °C):
0 = 13.5 (CHCH,CH,CHj); 19.8 (CHCH,CH,CHy); 31.3
(CH,CH,CH,CHy); 47.6 CH,CH,CH,CHy); 51.3
(CH,CgH4(OCH,)-3); 55.6 (CHCgH4(OCH3)-3); 113.0, 113.8,
113.9, 114.7, 120.4, 127.0, 127.1, 130.3, 131.2,413134.4,
160.2 (arom.Cs, NC¢H,N and CHCgH,(OCHy)-3); 143.6
(NCHN) ppm. Elemental analysis calcd (%) forg€,:CIN,O
(Mr = 330.90): C 68.97, H 7.01, N 8.47; found (%)6€.96, H
7.03, N 8.49.

4.2.3. 1-(3-Methoxybenzyl)-3-(benzyl)benzimidazolidhoride

Y10)

(1.30 g, yield 85%fH NMR (500 MHz, CDCJ, 25°C): ¢ =
3.76 (s, 3H, ChCeH(OCH,)-3); 5.87 (s, 2H, E1,CsHs); 5.90 (s,

6890N GC and Schimadzu 2010 Plus GC-MS system by GC-FIDH, CH,CsH,(OCH)-3); 6.81-7.60 (m, 13H, arom. H3,

with an HP-5 column of 30 m length, 0.32 mm diameéerd
0.25um film thickness.

4.2. General procedure for the preparation of bendamblium
chloride (La-f)

N-(3-Methoxybenzyl)benzimidazole (1.0 g; 4.2 mmol)swa
dissolved in degassed DMF (3 mL) and alkyl chlori@e2
mmol) was added at room temperature. The reactiatunai was
stirred at 80 °C for 36 h under argon. After comipletof the
reaction, the solvent was removed by vacuum andhydiether
(15 mL) was added to obtain a white crystalline solitlich was
filtered off. The solid was washed with diethyl etl@k10 mL)
and dried under vacuum. The crude product was redliged

NCeHN, CH,CeH4(OCHy)-3 and CHCeH:); 11.85 (s, 1H,
NCHN) ppm. °*C NMR (125 MHz, CDCJ, 25 °C): 6 = 51.6
(CH,CeHs); 51.7 CH,CeHa(OCH)-3); 55.6 (CHCeH4(OCH,)-
3); 113.7, 113.8, 113.9, 114.7, 114.8, 120.3, 120720 .1, 127.9,
128.3, 129.2, 129.4, 130.4, 131.3, 131.4, 132.81.213160.2
(arom. Cs, NCgHsN, CH,CeH4(OCH,)-3 and CHCgH:); 143.7
(NCHN) ppm. Elemental analysis calcd (%) fop.l&,,CIN,O
(Mr = 364.90): C 72.42, H 5.80, N 7.68; found (%)72.45, H
5.83, N 7.70.

4.2.4. 1-(3-Methoxybenzyl)-3-(4-methoxybenzyl)bedamolium
Chloride (1d)



(1.20 g, yield 75%JH NMR (300 MHz, CDC}, 25°C): ¢ =
3.69 (s, 3H, CHCsH,(OCHa3)-4); 3.73 (s, 3H, CHCsH,(OCH,)-
3); 573 (s, 2H, @E,CH,OCHy)-4); 5.76 (s, 2H,
CH,CeH4(OCHg)-3); 6.78-7.54 (m, 12H, arom.H3, NGHN,
CH,CeH4(OCHy)-3 and CHCgH,(OCHy)-4); 12.09 (s, 1H,
NCHN) ppm. *C NMR (75 MHz, CDC}, 25 °C): § = 50.2
(CH.CeH4(OCHy)-4); 50.5 CH2CeH4(OCHy)-3); 54.3
(CH,CeHa(OCH,)-4); 54.6 (CHCgH,(OCH,)-3); 112.7, 112.8,
113.7, 119.3, 123.7, 126.0, 126.1, 129.0, 129.4.2,3130.4,
133.1, 159.2, 159.3 (aror@s, NCgH4N, CH,CsH4(OCHs)-3 and
CH,C¢H4(OCHy)-4); 142.9 (NCHN) ppm. Elemental analysis
calcd (%) for GsHo3CIN,O, (Mr = 394.90): C 69.95, H 5.87, N
7.09; found (%): C 69.97, H5.88, N 7.11.

4.25. 1-(3-Methoxybenzyl)-3-(2,3,5,6-tetramethytybenz-
imidazolium Chloridg1e)

(1.64 g, yield 93%fH NMR (300 MHz, CDC}, 25°C): 6 =
2.18 and 2.19 (s, 12H, GEH(CH3),-2,3,5,6); 3.72 (s, 3H,
CH,CeH4(OCH5)-3); 5.83 (s, 2H, E,C¢H(CH3),-2,3,5,6); 5.84
(s, 2H, QH,CsH4(OCHy)-3); 6.76-7.51 (m, 9H, arom. H5,
NCgH4N, CH,CeH4(OCH;)-3 and CHCgH(CHs)4-2,3,5,6); 11.42
(s, 1H, NGIN) ppm.**C NMR (75 MHz, CDC}, 25°C): 6 =
16.2 and 20.6 (CHCgH(CH3)4-2,3,5,6); 47.9 CH,CeH(CHa)y
2,3,5,6); 51.5 QH,CsH4(OCHs)-3); 55.6 (CHCgH4(OCH3)-3);
113.6, 113.8, 114.7, 120.1, 127.0, 127.6, 130.3,.6,3133.4,
133.6, 134.1, 134.5, 135.0, 135.1, 160.2 (ar@wn. NCsHuN,
CH,CeH4(OCHg)-3 and CHCgH(CH,)4-2,3,5,6); 143.9 (KHN)
ppm. Elemental analysis calcd (%) fongd,.CIN,O (Mr
421.00): C 74.18, H 6.94, N 6.65; found (%): C 7412®.95, N
6.67.

4.2.6. 1-(3-Methoxybenzyl)-3-(4-phenoxybutyl)berdaavlium
Chloride (1f)

(1.46 g, yield 82%fH NMR (500 MHz, CDCJ, 25°C): 6 =
1.97 (pent2J = 5.8 Hz, 2H, CHCH,CH,CH,OCsHs); 2.32 (pent,
%) = 7.3 Hz, 2H, CHCH,CH,CH,OCsHs); 3.78 (s, 3H,
CH,CeH4(OCHy)-3); 4.04 (t, %3 = 58 Hz, 2H,
CH,CH,CH,CH,0CHs); 4.75 (1, %) 7.3 Hz, 2H,
CH,CH,CH,CH,0CHs); 5.84 (s, 2H, El,CsHa(OCHy)-3); 6.82-
7.71 (m, 13H, arom. Es, NGH,N, CH,C¢H,(OCH;)-3 and
CH,CH,CH,CH,0CHs); 11.78 (s, 1H, NEN) ppm.*C NMR
(125 MHz, CDC}, 25°C): 6 = 26.1 (CHCH,CH,CH,0C:Hs);
26.4 (CHCH,CH,CH,0OCHs); 47.4 (CHCH,CH,CH,OCHs);
51.3 (CH,CeHa(OCHy)-3); 55.6 (CHCsH4(OCH,)-3); 66.7
(CH,CH,CH,CH,0CHs); 113.1, 113.8, 114.4, 114.8, 120.4,
120.8, 127.2, 129.5, 130.4, 131.2, 131.5, 134.8.515160.2
(arom. Cs, NCsH4N, CH,CgH4(OCH)-3 and
CH,CH,CH,CH,0Cg¢Hs); 143.5 (NCHN) ppm. Elemental
analysis calcd (%) for £H,,CIN,O, (Mr = 422.90): C 70.99, H
6.43, N 6.62; found (%): C 71.02, H 6.44, N 6.63.

4.3. General procedure for the preparation of pailad(l)-
NHC complexes2a-f)

All  benzimidazolium chlorides were converted, with
moderated vyields, into the palladium(ll)-NHC complkexea-f).
A suspension of the benzimidazolium chloride (1.0 ahnand

9

Pd(OAc) (0.50 mmol) in degassed DMSO (3 mL) was heated
with vigorous stirring at 108C for 24 h. Volatiles were removed
in vacuo, and the residue was washed wigfentane (2x5 mL).
The crude product was dissolved with £ then filtered
through a pad of celite and silica gel to remove timreacted
Pd(OAc) and benzimidazolium chloride. Next, the crude
complex was crystallized from dichloromethane/diktbyher
mixture (1:2,v/V) at room temperature and, completely dried
under vacuum. All palladium complexes were isolatedia and
moisture-stable yellow solids and were isolated i¥5@% yields.

4.3.1. cis/trans-Dichloro-bis[1-(3-methoxybenzyl)43ehloro-
benzyl)benzimidazol-2-ylidene]palladium(IBaj

(0.234 g, yield 52%JH NMR (400 MHz, CDC}, 25°C): § =
3.69 and 3.70 (s, 6H, GHsH,(OCH,)-3); 5.26 and 5.29 (s, 4H,
CH,CH4(Cl)-4); 6.20 and 6.23 (s, 4H,HGCsH4(OCHy)-3); 6.80-
7.59 (m, 24H, arom. Es, NGH,N, CH,C¢H4(OCH;)-3 and
CH,CeH4(Cl)-4) ppm.**C NMR (100 MHz, CDGJ, 25°C): § =
52.7 and 52.8GH,CeH4(CI)-4); 52.9 and 53.0qH,CsHa(OCHs)-
3); 55.6 and 55.7 (CiH,(OCH,)-3); 111.3, 111.4, 112.5,
112.6, 114.5, 114.7, 120.2, 120.3, 123.0, 127.§,.92128.7,
128.8, 129.5, 134.8, 135.4, 135.5, 137.0, 137.1.(16160.1
(arom. Cs, NCgH4N, CH,CsH4(OCH;)-3 and CHCgH4(CI)-4);
182.3 and 182.5 (PGz.pend PPmM. Elemental analysis calcd (%)
for CuHsgClN,OPd (Mr = 903.00): C 58.52, H 4.24, N 6.20;
found (%): C 58.54, H 4.26, N 6.22.

4.3.2. cis/trans-Dichloro-bis[1-(3-methoxybenzyl)Bkutyl)
benzimidazol-2-ylidene]palladium(I(2b)

(0.203 g, yield 53%JH NMR (300 MHz, CDC}, 25°C): 6 =
0.72 and 1.01 (£J = 7.4 Hz, 6H, CHCH,CH,CH,); 1.22 and
1.53 (hext,®J = 7.6 Hz, 4H, CHCH,CH,CH;); 2.06 and 2.21
(pent,J = 7.6 Hz, 4H, CHCH,CH,CH,); 3.56 and 3.68 (s, 6H,
CH,CeH4(OCH,)-3); 4.68 and 4.79 (t°J = 7.8 Hz, 4H,
CH,CH,CH,CH,); 5.90 and 6.07 (s, 4H, HFGCsH,(OCH;)-3);
6.65-7.32 (m, 16H, arom.H&, NGH,N and CHCgH,(OCH,)-3)
ppm. *C NMR (75 MHz, CDCJ, 25°C): 6 = 13.7 and 14.0
(CH,CH,CH,CHj); 20.4 and 20.7 (C}¥H,CH,CHs); 31.8 and
31.9 (CHCH,CH,CH,); 48.3 and 48.4QH,CH,CH,CH,); 52.8
and 53.2 CH,CgH4(OCH,)-3); 55.6 and 55.8 (CiLHA(OCH,)-
3); 110.3, 110.4, 111.4, 111.5, 112.5, 112.6, 11414.8, 120.2,
122.8, 122.9, 129.4, 129.7, 134.3, 134.6, 134.%,.013137.1,
137.2, 160.0, 160.3 (aror@s, NCsH;N and CHCgH,(OCH;y)-3);
181.7 and 181.8 (PGz.nend PPM. Elemental analysis calcd (%)
for CygHa4CLLN,O.Pd (Mr = 766.10): C 59.57, H 5.79, N 7.31;
found (%): C 59.59, H 5.80, N 7.33.

4.3.3. cis/trans-Dichloro-bis[1-(3-methoxybenzyl)b&i(zyl)benz
imidazol-2-ylidene]palladium(l}2c)

(0.246 g, yield 59%jH NMR (400 MHz, CDC}, 25°C): § =
3.61 and 3.62 (s, 6H, GHgH,(OCH,)-3); 5.92 and 5.94 (s, 4H,
CH,C¢Hs); 5.95 and 5.97 (s, 4H,HGCsH,(OCH,)-3); 6.71-7.39
(m, 26H, arom. @s, NGH;N, CH,C¢H,(OCH,)-3 and CHCgH:)
ppm. *C NMR (100 MHz, CDCJ, 25 °C): 6 = 52.7 and 52.8
(CH,C¢Hs); 52.9 and 53.0@H,CsH4(OCH,)-3); 55.6 and 55.7
(CH,CeH4(OCH,)-3); 111.3, 111.4, 114.5, 114.7, 120.2, 120.3,
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127.8, 127.9, 128.6, 128.7, 134.8, 135.5, 137.0,113160.0,
160.1 (arom.Cs, NC¢H4N, CH,CsH4(OCH;)-3 and CHCgHs);

555 and 55.7 (CHlgH«(OCHs)-3); 67.1 and 67.3
(CH,CH,CH,CH,0C;Hs); 110.4, 1105, 111.3, 111.4, 112.3,

182.3 and 182.4 (P@:anend Ppm. Elemental analysis calcd (%) 112.4, 114.4, 114.5, 114.6, 114.7, 119.9, 120.@.6,2120.7,

for CyHsCILN,OPd (Mr = 834.10): C 63.36, H 4.83, N 6.72;

found (%): C 63.38, H 4.85, N 6.75.

4.3.4. Dichloro-bis[1-(3-methoxybenzyl)-3-(4-methoxyyd)
benzimidazol-2-ylidene]palladium(I(Rd)

(0.263 g, yield 59%jH NMR (400 MHz, CDC}, 25°C): =
3.61 (s, 6H, CHCeH4(OCH5)-4); 3.66 (s, 6H, ChCsHA(OCH3)-
3); 5.96 (s, 4H, @,CH,LOCHy)-4); 5.99 (s, 4H,
CH,CeH4(OCH,)-3); 6.69-7.40 (m, 24H, arom.H3, NGH,N,
CH,CeH4(OCHs)-3 and CHCgH4(OCHs)-4) ppm.**C NMR (100
MHz, CDCk, 25 °C): § = 51.8 CH,CsH(OCHs)-4); 52.4
(CH,CeH4(OCHy)-3);  55.2  (CHCeH4(OCH,)-4);  55.6

123.1, 123.2, 129.4, 129.5, 129.6, 129.7, 134.14.3,3134.6,
134.7, 137.3, 158.9, 160.0, 160.1, 160.3 (ar@n. NCsH4N,
CH,CeH4(OCHy)-3 and CHCH,CH,CH,OC¢Hs); 181.7 and
181.8 (PdC..bend ppm. Elemental analysis calcd (%) for
Cs0Hs,ClILIN,O4Pd (Mr = 950.30): C 63.19, H 5.52, N 5.90; found
(%): C 63.34, H5.58, N 5.97.

4.4. General procedure for the direct arylation dfiazole
derivatives

An oven dried 10 mL Schlenk tube was charged with
palladium(I)-NHC complex (0.01 mmol), thiazole dediiwe, (2-
n-propylthiazole or 4,5-dimethylthiazole), (2.0 mmolaryl

(CH,CgH4(OCH5)-3); 111.3, 112.4, 114.0, 114.1, 114.5, 114.7,bromide derivative, (bromobenzene, 4-bromotoluené;

120.1, 123.0, 127.7, 129.0, 129.1, 129.5, 134.5,.313159.2,
160.1 (arom. Cs, NCgH N, CH,CeH4(OCH;)-3 and
CH,CH4(OCH,)-4); 181.9 (PdScamend PPM. Elemental analysis
calcd (%) for GgH44CILN,O,Pd (Mr = 894.20): C 61.79, H 4.96,
N 6.27; found (%): C 61.81, H 4.98, N 6.29.

4.3.5. cis/trans-Dichloro-bis[1-(3-methoxybenzyl)233,5,6-
tetramethylbenzyl)benzimidazol-2-ylidene]palladium(@g)

(0.189 g, yield 40%JH NMR (400 MHz, CDC}, 25°C): 6 =
2.23, 2.24, 2.27 and 2.34 (s, 24H, £H(CH3),-2,3,5,6); 3.66
and 3.68 (s, 6H, CjTsH,(OCH5)-3); 6.09 and 6.20 (s, 4H,
CH,CH(CH3),-2,3,5,6); 6.23 and 6.34 (s, 4HHECH,(OCH;)-
3); 6.72-7.32 (m, 18H, arom.H3, NGH4N, CH,CsH,(OCH;)-3
and CHCsH(CHs)4-2,3,5,6) ppm*C NMR (100 MHz, CDGJ,
25°C): § = 16.5, 16.7, 20.5 and 20.6 (gEH(CH),-2,3,5,6);
50.7 and 50.8 QH,C¢H(CHs)4+2,3,5,6); 52.2 and 52.3
(CH,CeH4(OCH)-3); 55.4 and 55.5 (C}T¢H4(OCH3)-3); 111.0,
111.1, 111.8, 111.9, 112.3, 112.6, 114.4, 114.9.91120.2,
122.4, 122.5, 122.9, 123.1, 129.4, 129.6, 131.0,11,3132.2,
132.3, 134.2, 134.3, 134.6, 134.7, 134.8, 134.9,3,3137.4,
160.0, 160.1 (arom.Cs, NCgH4N, CH,CgH4(OCH;)-3 and
CH,C¢H(CH3)4-2,3,5,6); 182.2 and 182.3 (Fspend PPM.
Elemental analysis calcd (%) fors8sCILN,OPd (Mr =
946.40): C 66.00, H 5.96, N 5.92; found (%): C 66185.98, N
5.94.

4.3.6. cis/trans-Dichloro-bis[1-(3-methoxybenzyl)43phenoxy-
butyl)benzimidazol-2-ylidene]palladium(K2f)

(0.213 g, yield 45%JH NMR (400 MHz, CDC}, 25°C): 6 =
1.65 and 1.95 (pent) = 6.0 Hz, 4H, CHCH,CH,CH,0CHs):
2.29 and 2.46 (pent) = 7.0 Hz, 4H, CHCH,CH,CH,0C:Hs);
3.36 and 3.63 (s, 6H, GBgH4(OCH,)-3); 3.69 and 3.94 (£J =
5.8 Hz, 4H, CHCH,CH,CH,0C:Hs); 4.80 and 4.90 (£J = 7.0
Hz, 4H, @H,CH,CH,CH,0CH:); 5.93 and 6.10 (s, 4H,
CH,CeH4(OCH,)-3); 6.70-7.34 (m, 26H, arom.H3, NGH.N,
CH,CsH4(OCHs)-3 and CHCH,CH,CH,0C:Hs) ppm. *C NMR

(100 MHz, CDCi 25 °C): & = 26.8 and 27.0
(CH,CH,CH,CH,OCeH); 27.1 and 27.2
(CH,CH,CH,CH,0CH); 47.9 and 48.0

(CH,CH,CH,CH,OC:Hs); 52.3 and 52.5 GH,CeH.(OCHy)-3);

bromoanisole, 4-bromobenzaldehyde or 4-bromoacetupte),
(2.0 mmol), KOAc (2.0 mmol), and DMAc (2 mL) under ango
The Schlenk tube was placed in a preheated oil &#aftb0 °C,
and the reaction mixture was stirred for 1 h. Conimuteof the
reaction, the solvent was removed under vacuum lamdesidue
was charged directly onto a micro silica gel colunihe
products were eluted by usingpentane/diethyl ether mixture
(4:1, viv). The chemical characterizations of the productsewe
made by NMR. The conversions were based on thehalige by
GC and GC-MS.
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* A series of new benzimidazolium chlorides (la-f) and their corresponding palladium(ll)-NHC
complexes (2a-f) with general formula [PdCl,(NHC),] were synthesized, (NHC = N-heterocyclic
carbene).

« The obtained palladium(l1)-NHC complexeswere characterized by NMR (*H and °C), IR

spectroscopy and microanalysis techniques.

* These paladium(I1)-NHC complexes were used as efficient catalysts in the direct C2- or C5-

arylation of thiazoles with aryl bromides.



