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ABSTRACT: Due to the industrial importance of bi(hetero)arend®e synthesis of these compounds by
homogeneous Pd-catalyzed direct arylation is arortapt research topic in modern organic chemisiryhis study,
PEPPSI-type, (PEPPSI = Pyridine Enhanced PrecatBlgparation Stabilization and Initiation), new ¢&dalysts
with N-heterocyclic carbene ligand were synthesized, dmely twere used as catalysts in the synthesis of
bi(hetero)arenes by direct arylation process. Thectires of Pd-carbene complexes were elucidatediffigrent
spectroscopic and analytical techniques such as NIMIRIR and elemental analysis. The more detailedcsiral
characterization of one of the complexes was detexthiby single-crystal X-ray diffraction study. PaHoene
complexes were used as effective catalysts in treetdarylation of five-membered heteroaromatichsag thiophene,
furan and thiazole derivatives with (hetero)arylrbides for 1 h, in the presence of 1 mol% of catdlyading, and
successful results were obtained.
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1. Introduction

Bi(hetero)arenes are known as important units indésign of advanced materials, natural productychgmicals,
pharmaceuticals and cosmeti®sBecause of their applications in industrial atbe, preparation of bi(hetero)arenes is
an important research area in modern synthetionizgdnemistry. To date, a number of strategies heesn developed
for the preparation of bi(hetero)arenes. The mostrnon ones of among these strategies are, of cahes&raditional
cross-coupling reactions catalyzed by transitionaméTM) catalysts. SuzuKi,Stille? Negishi or Kumad&’ type
reactions are widely used in the TM-catalyzed sysithef bi(hetero)arenes. However, the organometedinpounds
used in such reactions are generally non-comméra@shilable, or relatively expensive chemicalstiese reactions,
the starting coupling partners should bear eithmetal-containing functionality or a halogen atomad aelated groups.
In this case in fact the preliminary preparationtwb independent, expensive, starting materialedgired. These
processes have also some disadvantages such aatgenstoichiometric amounts of waste materials treduse of
unstable and corrosive chemicals etc. Thereforerethis a need for more environmentally attractivel @tom
economical methods in which total synthesis stegsbgrproduct formation are minimized.

The direct arylation of bi(hetero)arenes by C-H bantivation provides an ideal alternative to tradi&l cross-
coupling reactions in the synthesis of bi(hetemnas. This methodology is environmentally attragtias the major
reaction by-product is HX associated to a base,adsté the metallic salts mixture which is produceder the more
classical Suzuki, Negishi or Stille cross-coupliegations™*?In this process, a variety of arylating reagentiuiding
aryl halides?® aryl organometallic reagentspunactivated simple aren&sand phenol derivatives such as triflates,
mesylate¥ and arene sulfonyl chlorid&have been employed. Particularly, aryl halidestlageelectrophilic reagents
which are the most popular among the arylating nesgedue to their commercial availability and theriety of
substrates. The Pd-catalyzed direct arylation efeffv)arenes was firstly reported by Nakamura, Tagn Sakai in
1982 and by Ohta in 198%. Since then, the Pd-catalyzed direct arylationhsft¢ro)arenes with aryl halides has
proved to be a powerful method for the synthesia wide variety of arylated heteroaromatics. To datkcatalyzed
direct arylation of (hetero)arenes, especially fivembered heterocycles such as thiopKerierarf” and thiazol&
has been largely described by a large number efrebkers.

N-Heterocyclic carbenes (NHCs) are effective ligand® #ilow the preparation of the most suitable steri
electronic and chemically acceptable catalyst barialg the substituents on the nitrogen atdlue to these features,
they have been successfully employed in differgplieations of organometallic chemisttyand they are a key
ligand for metal complexes, because of their widdiegbility in catalysis. Thanks to the stroagionor and weak-
acceptor property, NHCs do not dissociate easily ftoenmetal center by interacting strongly with tleerclinated
metal. Due to activity, stability and selectivitymktal complexes containing NHC ligand, they havenhveidely used
as highly reactive and rather selective catalysts rfumerous reactior§. Recently, different-type of Pd-NHC
complexes have been prepared by Caddick and EdBellemin-Laponnaz and Gad® Nolan?’® Herrmanr?™ and
Organ?’® (Figure 1). These different-type Pd-NHC complexeswahd high levels of activity in a variety of cross-
coupling reaction&®
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Figure 1. Examples of Pd-NHC species commonly used in crosplitm reactions.



After the discovery of Organ's PEPPSI-type Pd-congsiér 2006, (PEPPSI = Pyridine Enhanced Precatalyst
Preparation Stabilization and Initiation), thespetycomplexes have shown remarkable catalytic a@esvibwards
various carbon-carbon and carbon-heteroatom crmsgsliag reactiond? PEPPSI-type Pd-NHC complexes represent a
class of Pd-NHC catalysts completely different frotheo Pd-NHC complexes. Unlike other types of Pd-NHC
complexes, PEPPSI-type Pd-NHC complexes are eas@mthesize and ué&The high activity of PEPPSI-type Pd-
complexes in catalysis has been based on to tlsere of a loosely bound throw-away pyridine ligémat makes
way for the incoming substratéln recent years, PEPPSI-type Pd-complexes have imeedl as effective catalysts in
the direct arylation and successful results han lmbtained? In this context, recently we have also syntheséedi
characterized benzimidazole-based new PEPPSI-typ¢H&I complexes, and have investigated catalytiovagtof
these complexes in the direct arylation reactfSns. view of the above information and the growingefest in
catalytic activity of Pd-carbene complexes to acta efficient catalyst in the direct arylation tliis article, we now
report the preparation of PEPPSI-type five new Pd-NKd@mplexes Za2e) of the general formula
[PAX,(NHC)(pyridine)], (X = CI, Br; NHC = 1,3-disubstitute@gbzimidazole-2-ylidene), and their characterizabgn
different techniques such 34 NMR, *C NMR, FT-IR, and elemental analysis. The solidessitucture of one of the
Pd-complexes tfans-dibromo-[1-(4-methylbenzyl)-3-(3-methoxylbenzylji@midazole-2-ylidene]-(pyridine)-
palladium(ll)}, (2c) was established by single-crystal X-ray diffrantistudy. In the present study, the catalytic
application of2a-2e Pd-carbene complexes have been tested in the ditgation of five-membered heteroaromatics
such as thiopene, furan and thiazole with (heteyblmomides in presence of 1 mol% catalyst loading.

2. Results and discussion
2.1. Synthesis

1a,* 1b,* 1 and1€* benzimidazolium salts as NHC ligand precursors wegnéhssized as previously described in
the literature. The general procedure for the baitazolium salts¥a-1€) and their corresponding PEPPSI-type Pd-
NHC complexes Za-2¢ are shown in the Scheme 1. Also, some physical spettroscopic data of all new
compounds are summarized in Table 1.
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Scheme 1Synthesis of the benzimidazolium saltsa{1e and their PEPPSI-type palladium-NHC complex@ss 6.

Table 1.Physical and spectroscopic properties of new comgsu

Compound  Molecular formula  Isolated yield (%)  M.p.°C)  viewy (em?)  H(2)*H NMR (ppm) C(2)**C NMR (ppm)

1d CasH2BrNO 90 199-200 1553 11.74 144.2
2a Caz3H2sBroNsPd 78 202-203 1403 - 164.3
2b CogH3:Cl.NsPd 71 196-197 1409 - 163.0
2c CagH2Br2N;OPd 83 222-223 1409 - 164.2
2d CsoH31Br2N;OPd 75 247-248 1395 - 164.0

2e Cs1H33BraNsOPd 80 213-214 1405 - 163.9




2.2. Preparation of benzimidazolium salts

The benzimidazolium saltd&1€) were synthesized by the reaction of differbitbenzyl)-benzimidazoles with 3-
methoxybenzyl chloride ar-butyl chloride in dimethylformamide (DMF) at 8C for 36 h (Scheme 1). The newl
benzimidazolium salt was characterized by diffetenhniques. As shown in Table 1, the FT-IR data ljiéadicated
that theld benzimidazolium salt exhibit a characteristjgy, band typically at 1553 ¢ In the'H NMR spectra,
C(2)H proton resonance was observeddat 11.74 ppm as sharp singlets. In i@ NMR spectraC(2)-carbon
resonance was observeddat 144.2 ppm as single signal. These downfield $sgoaithe acidic C(2H proton and
C(2)-carbon were support the formationlaf benzimidazolium salt. These spectroscopic dateddfenzimidazolium
salt are consistent with the data observed for diberimidazolium salts in the literat /&=’

2.3. Preparation of PEPPSI-type palladium—NHC compleas

The PEPPSI-type Pd-NHC complex@a28 were synthesized in a similar manner to that mgoby Orgaff. The
general procedure for the preparation of complégeshown in Scheme 1. Five new Pd-carbene complexes we
synthesized by reaction of the corresponding beidairolium saltsXa-16 with PdC} in the presence of pyridine. All
Pd-carbene complexes were isolated as air-stablgwyesolids, and they were soluble in solvents sush a
dichloromethane, chloroform, toluene, and tetrabfidian and insoluble in non-polar solvents. All nedrdarbene
complexes were characterized by different technigiregshe '"H NMR and *C NMR spectra of the Pd-carbene
complexes, the absence of the characteristic sigwél the acidic C(2H proton and C(2)-carbon of the
benzimidazolium salts, suggests the formation ofc&étbene bond. Also, the characteristic signals rofmatic
hydrogens of pyridine ring were observed as downfietnances in thél NMR spectra betweeh= 7.34-9.03 ppm.
These signals suggest that the pyridine ring coatdd to the palladium centre to form a PEPPSI-pygléadium
complex. In thé®C NMR spectra, the characteris@(2)-carbene signals @a-2ecomplexes are appear as singlei at
= 164.3, 163.0, 164.2, 164.0, 163.9 ppm, respdgtivdiso, characteristic signals of the aromatic casbof
pyridine ring at approximately = 124, 137 and 152 ppm, support the formation BPPSI-type palladium
complex.The NMR spectra also provide a potential tool toneste the electronic properties of these Pd-caben
complexes. In th&’C NMR spectra, due to the 2,4,6-trimethylbenzyl ar815,6-tetramethyl benzyl groups increasing
the electron density of the NHC ring, the Pd-carbgigeals of the comple®c (6 = 164.2 ppm) are shifted further
downfield as compared to those of compleXdsand2e This observation is in agreement with the dowdfighifted
Pd-carbene signal of the compl2a (5 = 164.3 ppm) in comparison to that of compixin the **C NMR spectra.
The FT-IR data clearly indicated that the PEPPBetlyd-NHC complexes exhibit a characterisfig, band typically
between 1395-1409 ¢ The FT-IR spectra of all five Pd-complexes showiksir absorption bands with
moderately shifted wavelengths (mostly less thaerii%). Due to the flow of electrons from the carbene ligemd
the palladium centre, the C=N bond is weakened,and result, a decreasing in they, stretching frequency is
observedTherefore, in comparison to the-1eligand precursor®a-2e Pd-complexes give rise to obvious red-
shifted absorption bandThese complexes show typical spectroscopic sigratwrlich are in line with those
reported for other similar type Pd-complexedlso, additional elemental analysis results of ¢hesmplexes are in
agreement with the proposed molecular formula.

2.4. Description of the crystal structure

The complex consists of a 1-(3-methoxybenzyl)-3r@thylbenzyl)-2,3-dihydroH-benzofllimidazole ligand with a
Pd' metal center and two bromide ligands. The metatdination environment features a square-planar gégmin
which the NHC and the pyridine amansto each other. This reflects the tendency to aaosterically more crowded
cis-configuration. Thecis- angles varying from 87.51(17) to 92.60(16)° arelttans-angles changing from 175.82(3)
to 178.1(2)° are a little off from the ideal valuEs90 and 180°. The four-coordinate geometry infiexhe complex,
2,22 is 0.04. In the case of an ideal square-planamegény, thez, value is equal to zero, while it becomes unitydor
perfect tetrahedral geometry. Consequently, thaevaf z, shows that the coordination polyhedron of the pallad
atom is a slightly distorted square-planar. Insheare-planar environment, the Pd atom is lyin@D0(5) A out the
coordination plane defined by atoms Brl, Br2, N3 @id

The P&-Camencbond distance [1.967(5) A] is slightly smaller thtae sum of the individual covalent radii of the
palladium and carbon atoms (2.12 A), while the-Rgl,ine bond distance [2.110(5) A] is almost equal to the of
the covalent individual radii of the palladium anitogen atoms (2.10 AY. The internal N-C—N ring angle at the
carbene center is 108.2(5)°. Furthermore, theBrd and Pe-Br2 bonds only differ by ca. 0.01 A, and interesting



bent toward NHC ligand rather than toward the nonbphaydine ligand. These values are in good agreemaht
those found in other Pd-NHC-Pyridine compleX&8.The carbene ring is oriented almost perpendigulari the
PdCNBEg, coordination plane with a dihedral angle of 81.28{1which is typical for NHC complexes to relieverite
congestion. On the other hand, the pyridine ringdined at an angle of 48.8(3)° with the coordioatplane. Finally,
the NHC ring makes dihedral angles of 88.8(3) an@(8Y. with the methoxybenzene and methylbenzenesring
respectively.

The molecular structure @c complex with the atom-labelling scheme is shownigufe 3, while relevant bond
distances and angles are reported in Table 2.

C19 C20

c18 €21

Figure 3. The molecule oRc, showing the atom-labelling scheme. Displacemeipsgliids are drawn at the 20%
probability level. For clarity purpose, hydrogere/é been omitted and only the major part of disediédragment is
drawn.

Table 2.Selected geometric parameters for com@ex

Bond lenaths (A

Pd}-C1 1.967(5 N1—C2 1.391(7
Pd}-N3 2.110(5 N1—Cg& 1.470(7
Pd}-Bril 2.4189(9 N2—C1 1.339(6
Pd1-Br2 2.4293(9 N2—C7 1.389(7
N1—C1 1.332(7 N2—C1¢€ 1.463(6
Bond angles (°

C1—Pd1-N3 178.1(2 C1—N1—C2 109.9(4
C1—Pd1-Brl 87.51(17 C1—N1—C8 126.3(5
N3—Pd1-Bri 91.39(16 C2—N1—C8 123.7(5
C1—Pd1-Br2 88.47(17 C1—N2—C7 109.5(4
N3—Pd1-Br2 92.60(16 C1—-N2—Cl1¢ 125.6(5
Bri—Pd1-Br2 175.82(3 C7—N2—C1¢ 124.9(4
N1—C1—N2 108.2(5

2.5. Optimization of the reaction conditions for tle direct arylation of heteroaromatics

Our first objective was to determine the most suéatalaction conditions. For this purpose, we firdected the
complex 2e as the model catalyst, 2-acetylthiophene, 2-fetsyde and 4,5-dimethylthiazole as heteroaromatic
substrates and theebromobenzaldehyde as model coupling partner (Tapl&Ve selected DMAc as the solvent, and
KOAc as the base in this study, because the DMAc/KOAchomation has been commonly used for the direct
arylation of heteroarenés? In literature, it is known to difficult to achievsgh selectivity in such direct arylation
reactions without the use of stoichiometrically E@mounts of heteroaromatic compound relative towsrnof aryl
halide® Since the 2-acetylthiophene and 2-furaldehyde lads@ other positions such as C3 and C4 to reahtanit
bromide, so 1 equivalent pfbromobenzaldehyde was used as the limiting reagemievent di- or tri-arylation. Thus



mono-arylation of the heteroaromatic compound wagetad. Firstly, the C5-arylation of 2-acetylthieple withp-
bromobenzaldehyde was carried out at i60for 10 h without the addition of Pd-catalyst irder to examine the
effect of catalyst on the reaction. As attempt, nedpcts were formed without the addition of Pd-cata(yrable 3,
entry 1). Under the same conditions, when drdyNHC precursor was used as catalyst without any Raysat no
reaction takes place (Table 3, entry 2). In thediarylation reaction of 2-acetylthiophene witbromobenzaldehyde,
different Pd-salts such as Pd(OA&@nd PdGl were tested using 1 mol% of catalyst loading at GCor 10 h.
Products were obtained in 45% and 28% yields withdomversions, respectively. When the reaction wasechout
for 18 h in the presence of the same Pd-salts, wereéd that conversion and yield increased (TapEn8ies 3 and
4). Whenin situ generated catalytic system with 1 mol%l&f NHC precursor and 1 mol% of Pd(OAdayas used,
51% yield was observed (Table 3, entry 5). Howeveemithe same conditions were u@edPd-complex as catalysts,
90% vyield was observed with full conversion in thacteon. When the reaction time was increased to 48 im the
entries 3 and 4, we observed full conversion, busigoificant difference in yield. (Table 3, entry. 8&/hen the
reaction time was reduced from 10 h to 5 h, 87%dyieas observed in the reaction (Table 3, entry Mekithe
reaction time was reduced from 5 h to 3 h or 3 hwat 150 °C, no noticeable effect on the yield olaserved (Table
3, entries 8,9). When the reaction temperature wdsced from 150 °C to 120 °C, no noticeable eféecthe yield
was also observed (Table 3, entry 10), but whemehetion temperature was reduced from 120 °C taX®atfe yield
dropped to 27% (Table 3, entry 11). When the catdlyading was decreased to 0.5 mol% at d20yield was
observed to decrease significantly (Table 3, eh®)y As a result of the optimisation experimentthim arylation of 2-
acetylthiophene withp-bromobenzaldehyde, a very good vyield (81%) with 96®&tmversion was obtained in
DMACc/KOAc combination in the presence of 1 moBé Pd-catalyst at 120 °C for 1 h (Table 3, entry 1)r
coupling of 2-furaldehyde witlp-bromobenzaldehyde, the same reaction conditionfaasd to be optimal. In this
case a yield of 83% was observed with 97% convergitable 3, entry 13). When the arylation of 4,5-
dimethylthiazole withp-bromobenzaldehyde was tested at the same condiiuly, 50% coupling product was
obtained (Table 3, entry 14), so the temperatureim@sased up to 14T and reaction yield was up to %78 with 91
conversion (Table 3, entry 15).

Table 3. Influence of the reaction conditions on the Rdtalyzed direct arylation of five-membered hetevomatics
with p-bromobenzaldehyde.

X [Pd] X
£ - Br—@—CHO R{ /@CHO
RT&y KOAc, DMAc Y

X=0orS
Y=HorN
R =Me, CHO or COMe

Entry Heteroaromatics [Pd] (mol%) Time (h) Temperature Conversion (%) Yield (%)
1 2-Acetylthiophene - 10 150 - -

2 2-Acetylthiophene - 10 150 - -

3 2-Acetylthiophene Pd(OAg)1) 10 150 56 (90) 45 (76)
4 2-Acetylthiophene Pdel1) 10 150 45 (74) 28 (61)
5f 2-Acetylthiophene Pd(OAg)1) 10 150 60 51

6° 2-Acetylthiophene 2e(1) 10 150 100 (100) 90 (91)
7 2-Acetylthiophene 2e(1) 5 150 100 87

8 2-Acetylthiophene 2e(1) 3 150 99 85

9 2-Acetylthiophene 2e(1) 1 150 97 83

10 2-Acetylthiophene 2e (1) 1 120 96 81

11 2-Acetylthiophene 2e(1) 1 90 46 27

12 2-Acetylthiophene 2e(0.5) 1 120 42 30

13 2-Furaldehyde 2e (1) 1 120 97 83

14 4,5-Dimethylthiazole 2e(1) 1 120 72 50

15 4,5-Dimethylthiazole 2e (1) 1 140 91 78

2 Conditions: 2-acetylthiophene (2.0 mmghbromobenzaldehyde (1.0 mmol), KOAc (1.5 mmol), D8@ mL).

® Conversions were calculated with respegi-iromobenzaldehyde from the results of GC spectiymeith dodecane as internal standard.
¢ GC yields.

9 Without any palladium catalyst, onlye NHC precursor was used as catalyst.

¢ Results obtained at 18 h are shown in parentheses.

fIn situgenerated catalytic system wite NHC precursor and Pd(OAcyas used.

After successful results summarized in Table 3, viedtto evaluate the scope and limitations of the Pd
complexe2a-2efor the direct arylation of 2-acetylthiophene]faraldehyde and 4,5-dimethylthiazole with different
(hetero)aryl bromides. All reactions we performed fiois purpose worked smoothly to give the desiredated



products in moderate to high yields (see Table.4-6¥%tly, under the optimal condition, the diresylation of 2-
acetylthiophene with various (hetero)aryl bromidesenexamined and the C(5)-arylated thiophene déviesitwere
obtained with moderate to high yield. When 2-achigjthene was arylated wigtsubstituted aryl bromides and 3-
bromoquinoline, arylated products were obtained w#2% yields by using only 1 mol% Pd-complex@sZe) as

a catalyst (Table 4). The reaction of 2-acetylthiape with bromobenzene generated the 5-phenyl-gidiephené

in 80% and 82% yield in the presence2df and2e catalysts, respectively (Table 4, entries 4,5¢ Téaction of 2-
acetylthiophene wittp-bromobenzaldehyde gave the expected prédirc81% yield in the presence @é catalyst
(Table 4, entry 9). Moderate to high yields of Sa@ktylphenyl)-2-acetylthiophefi& were obtained for the coupling
with p-bromoacetophenone (Table 4, entries 11-15). Taetion of 2-acetylthiophene wighrbromotoluene gave the
expected produtt'in 86% and 90% yield in the presencedfand2e catalysts, respectively (Table 4, entries 19,20).
At among reaction arylated with bromobenzegmdromoanisole ang-bromotoluene using 1 mol% of catalyst, the
reaction of the electron-righ-bromoanisole with 2-acetylthiopene gave lower C3aaed product® (Table 4, entries
21-25). Pyridines are-electron-deficient heterocycles. Therefore, theactivity is quite similar to electron-deficient
aryl bromides. As expected, using 3-bromoquinoline, obtained the 3-(2-acetylthiophene-5-yl)quinoffhen
moderate to high yield (Table 4, entries 26-30).

Table 4.Palladium-catalyzed direct C(5)-arylation of 2-gttbiophene with (hetero)aryl bromid&s.

0
Q g [Pd] (2a-2e) 1 mol% S
\ / + Br R | R
KOAc, DMAc
120°C, 1h
Entry Aryl bromide [Pd] Product Yield (%)
1 2a o 78
2 2b 76
3 Br@ 2c S 68
4 2d | 80
5 2e 82
6 2a o 73
7 0 2b 69
8 Br@J 2c S Py 64
9 2d | 71
10 2e 81
11 2a o 62
12 o 2b 59
13 Br4©_/< 2¢ S 0 72
14 2d | 75
15 2e 80
16 2a o 83
17 2b 79
18 Br©— 2c S 68
19 2d | 86
20 2e 90
21 2a o 66
22 2b 54
23 Br@OMe 2c S 64
24 2d | / OMe 70
25 2e 68
26 2a o 69
27 2b 81
28 /@;@ 2¢ S 75
29 Br 2d | Q 86
30 2e 92

2 Conditions: [Pdpa-2e(0.01 mmol), 2-acetylthiophene (2.0 mmol), arylride (1.0 mmol), KOAc (1.5 mmol), DMAc (2 mL), 12C, 1 h.
® GC yields were calculated with respect to aryhhide from the results of GC spectrometry with dedecas internal standard.

Using the same reaction conditions, we investigates reactivity of 2-furaldehyde in Pd-catalyzededir
arylation. As shown in Table 5, high yield C(5)-atglh products were obtained. Very close yields (65-8d444re
observed for 2-furaldehyde using the neutral argntide such as bromobenz&ig(Table 5, entries 1-5). The
coupling of 2-furaldehyde with electron-poor arylotmide such agp-bromobenzaldehyde proceeds nicely.
Bromobenzaldehyde gave the C(5)-arylated pré&weith 65-83% yields (Table 5, entries 6-10). Thecgln-poom-



bromoacetophenone was also a good substrate todaffog corresponding products 5-(4-acetylphenyl)-2-
furaldehydé&' at between 61-79% vyields (Table 5, entries 11-W#)en the reaction of 2-furaldehyde with electron-
rich aryl bromides such gsbromotoluene ang-bromoanisole was investigated, the yields were avden 75-80%
for 4-bromotoluene with 2-furaldehyd® (Table 5, entries 16-20)p-Bromoanisole gave also the 5-(4-
methoxyphenyl)-2-furaldehyd@with 69-77% vields (Table 5, entries 21-2%)Bromoquinoline was found to be very
reactive in DMAc at 1 h (Table 5, entries 26-30)28(raldehyde-5-yl)quinolirf@was obtained in 87% vyield in the
presence 02d catalysts (Table 5, entry 29).

Table 5.Palladium-catalyzed direct C(5)-arylation of 2-fidehyde with (hetero)aryl bromidés.

0
e o [Pd] (2a-2¢) 1 mol% o
\ / + Br R |/ R
KOAc, DMAc
120°C, 1h
Entry Aryl bromide [Pd] Product Yield (%)°
1 2a 75
2 2b (,) 70
4 2d 75
5 2e / 84
6 2a o 65
7 0 2b i 72
8 Br@J 2c 0 Py 80
9 2d | ) 76
10 2e 83
11 2a o 61
12 0 2b | 69
13 Br4©_/< 2c 0 0 76
14 2d | Y 73
15 2e 79
16 2a o 75
17 2b i 78
18 Br@ 2¢ 0 80
19 2d | / 81
20 2e 80
21 2a o 70
22 2b i 69
23 Br@OMe 2c O, 72
24 2d | / OMe 74
25 2e 77
26 2a 0 71
27 2b 76
28 @ 2c 0, 80
29 Br 2d | Q 87
30 2e 83

2 Conditions: [PdRa-2e(0.01 mmol), 2-furaldehyde (2.0 mmol), aryl brom{ded mmol), KOAc (1.5 mmol), DMAc (2 mL), 120 °Q,h.
® GC yields were calculated with respect to aryhhide from the results of GC spectrometry with dedecas internal standard.

Finally, the scope of the direct arylation reactwas extended to 4,5-dimethylthiazole. The C2-pasitf 4,5-
dimethylthiazole was arylated because of blocke@4#sand C5-positions. We also found 4,5-dimettigitble to be a
suitable reactant for this reaction. In the dirctlation of 4,5-dimethylthiazole with-substituted aryl bromides and
3-bromoquinoline, a very high yield C(2)-arylatedgucts were obtained at 140 °C for 1 h (Table &stBields were
obtained in the presence @fl and 2e catalysts when bromobenz&hevas usedTable 6, entries 4,5). Whemp
bromobenzaldehyde anp-bromoacetophenone were used, generally C(2)-adylar@ductd’ were obtained in
moderate to high yield with all catalys{3able 6, entries 6-15). Whegnbromotoluene was used, (4-methylphenyl)-
4,5-dimethylthiazol&° product was obtained in 84% yield in the presericze@atalyst (Table 6, entry 20). Moderate
yields of 2-(4-methoxyphenyl)-4,5-dimethylthiazolevere obtained for the coupling withbromoanisole (Table 6,
entries 21-25) with little variance between the Powlexes. We also tested the coupling with the 3-loquinoline.
This heteroaryl bromide gave the expected 3-(4nethiylthiazol-2-yl)quinolin in very good vyields (Table 6,
entries 26-30). Generally, the reactivity of 4,5-dihylthiazole was similar to 2-acetylthiophene anfliraldehyde,



and the yields for substrates containing electrahdvawing groups were lower than those for substigieantaining
electron-donating group.

Table 6.Palladium-catalyzed direct C(2)-arylation of 4,Baéthylthiazole with (hetero)aryl bromid@s.

S [Pd] (2a-2e) 1 mol% g
>[ ) +  Br R :E R
N N

KOAc, DMAc
140°C, 1 h
Entry Aryl bromide [Pd] Product Yield (%)°
1 2a 78
2 2b S 70
3 Br@ 2c )I />—© 74
4 2d N 84
5 2e 88
6 2a 65
7 0 2b S 0 74
8 Br4< >_// 2c )I />_< >_// 68
9 2d N 74
10 2e 78
11 2a 69
12 o 2b S 0 76
13 Br4< >_/< 2¢ )I />—< >—/< 72
14 2d N 76
15 2e 79
16 2a 63
17 2b S 73
18 Br@ 2c )I )—@— 70
19 2d N 75
20 2e 84
21 2a 57
22 2b S 72
23 Br@OMe 2¢ )I )—@om 69
24 2d N 73
25 2e 78
26 2a 72
27 2b S 65
= OO0 TG :
29 Br 2d N 85
30 2e 88

& Conditions: [PdRa-2e(0.01 mmol), 4,5-dimethylthiazole (2.0 mmol), abybmide (1.0 mmol), KOAc (1.5 mmol), DMAc (2 mL)4Q °C, 1 h.
P GC yields were calculated with respect to aryhhide from the results of GC spectrometry with dedecas internal standard.

The role of the steric and electronic effects playgshe catalytic activity for NHC ligands was invgatied using
a variety of techniques in the literatdfeEven though benzimidazol-2-ylidenes have receiumited attention as
NHC ligands, they provide a suitable platform foribgnthe electron density on the carbene carbaois. khown that
by introducing electronically different substitugmsit the C5- and C6-positions of the benzimidazglidene ligand, it
is possible to remotely change the electronic ptypaf the Pd center without altering the stericiemvment in the
metal?®® Also, altering theN-substituent would allow the topography around theam® be tuned to ensure the
required steric bulk for reductive elimination isplace.Therefore, we preferred benzimidazol-2-ylidene ldgwith
oxygen-donor and/or sterically bulky benzyl substits. Of the Pd-complexe®3c-2e with 3-methoxybenzyl
substituent, progressively better results were agsg¢he number of methyl groups of tiidenzyl rings were increased
from mono-methyl to tri-methyl to tetra-methyh contrast, in aliphatio-butyl substituted Pd-complex@sa and2b,
it appears that compleXa containing benzyl ring gives better results thamplex 2b containing sterically bulky
2,3,4,5,6-pentamethylbenzyl ring. Since thdonor abilities of carbene ligands 2d-2e complexes are similar, steric
factors are likely at work in the improved perforroarof 2e complex. However, foRa and 2b complexes which
bearingn-butyl substituent, the steric effects have nomigicant effect on the catalytic activity. As a réiswe believe
that such substituents on the NHC ligands providesstieric and electronic effects to confer the Pdtesethe
appropriate properties to make optimum to key stéise catalytic cycles.

The Pd-catalyzed direct arylation of five-membehederoaromatics with various arylating reagents lieen
reported in some previous studf&§>****|n these previous studies, similar substrates wseel with higher catalyst



loading (1-20 mol%) and higher reaction times (1) 8&vere preferred for the direct arylation of hetgomatics in
the presence of Pd-catalysts. In the present wonkolP6 catalyst loading was used, and the reactioe tvas
shortened to 1 h. Moreover, five-membered heteroatics such as thiophene, furan and thiazole deresacould be
efficiently and selectively arylated at the C(5)-®(2)-position. In this study, satisfactory resultere obtained as
compared to previously reported similar studiesgghetero)aryl bromide$:***Finally, the catalytic activities of the
new 2a-2e Pd-complexes were investigated in the direct G§b)=(2)-arylation of five-membered heteroaromatios.
all cases, except in a few cases with comgidand2e, high yields of the (hetero)aryl bromides were obsé. Only
a minor effect of the NHC ligand on the Pd-complex whserved for the coupling of (hetero)aryl bromigith
heteroaromatics. Surprisingly, similar conversiarese obtained for the coupling of each (hetero)argimides. We
can say that there is no significant differenceveen these complexes on the catalytic activity ofdiarylation of
heteroaromatics by (hetero)aryl bromides. The agpificant difference betweeRa-2e complexes indicates that
electronic and steric effects are also playing sootein these processes.

3. Conclusion

In summary, we prepared a series of five new PEPR®IHd-NHC complexes. These complexes were charateriz
using different techniques. The catalytic actitigf the new Pd-complexes were investigated in trecdiC(5)- or
C(2)-arylation of five-membered heteroaromatics vftbtero)aryl bromides. It was found that the newcBufplexes
were effective catalysts for the direct arylatiomations. Overall except in a few cases, satisfactesylts were
obtained in all trials. Surprisingly, similar yisldvere obtained for the coupling of each (heterd)}amymides. Since
the NHC ligands used were similar to each other, goifgtant difference was observed between the catalyt
activities of Pd-complexes. This study was perforrbgdusing 1 mol% of palladium catalyst. Therefat@s low
catalyst loading procedure was economically attvactin this study, only AcOH and HBr were formed asya b
products by the use of direct arylation method #ndg the by-product formation was minimized compaedhe
multi-step traditional transition metal-catalyzeshctions. Also, this study contributes both orgartaftie synthesis
and the literature in the preparation of bi(hetarg)derivatives.

4. Experimental

4.1. General procedure for the preparation of benznidazolium salts (1a-1e)

N-(Benzyl)-benzimidazole derivative (5.0 mmol) wasgdilved in degassed DMF (3 mL) and alkyl halide (Briol)
was added at room temperature. The reaction mixtacestirred at 80 °C for 36 h under argon. After plation of
the reaction, the solvent was removed by vacuumEts@ (15 mL) was added to obtain a white crystallinedsol
which was filtered off. The solid was washed with@E{3x10 mL) and dried under vacuum. The crude prodas
recrystallized from EtOH/ED mixture (1:5,v/V) at room temperature, and completely dried undeuum. All
benzimidazolium saltsl@-18 were isolated as air- and moisture-stable whitelséh high yields. For théH NMR,
¥%C NMR and FT-IR spectrums of the néw benzimidazolium salt see S, pp. S1-S2.

4.1.1. 1-(Benzyl)-34¢-butyl)-benzimidazolium bromide, (1a)

This benzimidazolium salt was synthesized accortirgpublished proceduf.

4.1.2. 1-(2,3,4,5,6-Pentamethylbenzyl)-3+putyl)-benzimidazolium chloride, (1b)

This benzimidazolium salt was synthesized accortrgpublished proceduf.

4.1.3. 1-(4-Methylbenzyl)-3-(3-methoxybenzyl)-benaiidazolium bromide, (1c)

This benzimidazolium salt was synthesized accortrgpublished proceduf@.

4.1.4. 1-(2,4,6-Trimethylbenzyl)-3-(3-methoxybenzydbenzimidazolium bromide, (1d)

Yield 90%, 1.83 g; m.p. 19200°C; white solid; FT-IRvcy = 1553 crif. 'H NMR (400 MHz, CDCJ, 25°C, TMS):
5 (ppm) = 2.22 and 2.26 (s, 9H, NgPh(CH,):-2,4,6); 3.73 (S, 3H, NCHPh(OMH,)-3); 5.82 (s, 4H, NELPh(CHy)s-

2,4,6 and NEI,Ph(OCHy)-3); 6.77-7.19 (m, 5H, aronils of benzimidazole and 3-methoxybenzyl); 7.21 k, &om.
Hs of 2,4,6-trimethylbenzyl); 7.32-7.52 (m, 3H, aroHs of benzimidazole and 3-methoxybenzyl); 11.741¢4,



NCHN). ®C NMR (101 MHz, CDGJ, 25 °C, TMS): 6 (ppm) = 20.3 and 21.1 (NGRh(CH,):-2,4,6); 47.5
(NCH,Ph(CHy)s-2,4,6); 51.4 (CH,Ph(OCH)-3); 55.6 (NCHPh(CCH,)-3); 113.6, 113.7, 113.8, 114.8, 120.1, 125.1,
127.0, 127.1, 130.2, 130.4, 131.5, 134.4, 137.9,71and 160.3 (aronCs of benzimidazole, 2,4,6-trimethylbenzyl
and 3-methoxybenzyl); 144.2 (¥IN). Elemental analysis calcd. (%) for:H,,BrN,O: C 66.52, H 6.03, N 6.21;
found (%): C 66.96, H 6.22, N 6.31.

4.1.5. 1-(2,3,5,6-Tetramethylbenzyl)-3-(3-methoxybeyl)-benzimidazolium bromide, (1e)
This benzimidazolium salt was synthesized accortirgpublished procedufé.
4.2. General procedure for the preparation of palldium complexes (2a-2e)

Benzimidazolium salts1@-16 (1.0 mmol)were converted with high yields into the PEPPSI-tpa#ladium-NHC
complexes Za-2@ by reaction with PdGI(1.0 mmol) in refluxing pyridine in the presendekgCO; (5.0 mmol) as a
base at 80C for 16 h. Volatiles were removed in vacuo, andrésdue was washed withpentane (2x5 mL)The
crude product was dissolved with @&, then filtered through a pad of celite and silied (70-230 mesh) to remove
the unreacted Pdglnd benzimidazolium salt. Then, the crude complas crystallized from CHCl/n-pentane
mixture (1:5,v/v) at room temperature and, completely dried undeuum. Since théc-1e benzimidazolium salts
have the bromide anion, the synthesized Pd-compleaeld be formed as mixtures containing bromire erlorine.
We were synthesized only bromine-containfieeRe Pd-complexes by adding a large excess of KBrénrdaction to
prevent the formation of the different anions-caritey Pd-complex mixtures. All Pd-complexes wereased as air-
and moisture-stable yellow solids in 71%-83% yiekts: the'H NMR, *C NMR and FT-IR spectrums of the n@a-
2ecomplexes see Sl, pp. S3-S12.

4.2.1. Dibromo-[1-(benzyl)-3--butyl)-benzimidazole-2-ylidene]-(pyridine)-palladium(ll), (2a)

Yield 78%, 0.406 g; mp = 262203 °C; yellow solid; FT-IRvcy = 1403 cnil. *H NMR (400 MHz, CDC}, 25°C,
TMS): 6 (ppm) = 1.01 (tJ = 7.3 Hz, 3H, NCHCH,CH,CH,); 1.51 (hextJ = 7.4 Hz, 2H, NCHCH,CH,CHy); 2.15
(pent,J = 7.4 Hz, 2H, NCHCH,CH,CH); 4.86 (t,J = 7.8 Hz, 2H, NE1,CH,CH,CHj3); 6.23 (s, 2H, NE&,Ph); 6.99-
7.02, 7.05-7.09, 7.14-7.23 and 7.27-7.34 (m, 11bimaHs of benzimidazole, benzyl and pyridine); 7.70 It 7.5,
1.5 Hz, 1H, aromH of pyridine); 8.89 (ddJ = 6.5, 1.5 Hz, 2H, aronis of pyridine).*C NMR (101 MHz, CDCJ, 25
°C, TMS): 6 (ppm) = 13.9 (NCKCH,CH,CHs); 20.4 (NCHCH,CH,CHs); 31.7 (NCHCH,CH,CHs); 48.6
(NCH,CH,CH,CHz); 49.1 (NCH,Ph); 110.5, 111.1, 123.0, 123.2, 128.9, 130.6,8,3[84.2, 134.9 and 138.1 (arom.
Cs of benzimidazole and benzyl); 124.5, 137.4 anil.3%arom.Cs of pyridine); 164.3 (P&.apend- Elemental
analysis calcd. (%) for GH,sBroN;Pd: C 45.31, H 4.13, N 6.89; found (%): C 47.28, 238 7.11.

4.2.2. Dichloro-[1-(2,3,4,5,6-pentamethylbenzyl)-3{butyl)-benzimidazole-2-ylidene]-(pyridine)-palladium(ll),
(2b)

Yield 71%, 0.419 g; mp = 196197 °C; yellow solid; FT-IRvcy = 1409 cnif. *H NMR (400 MHz, CDC}, 25°C,
TMS): J (ppm) = 1.09 (tJ = 7.4 Hz, 3H, NCHCH,CH,CH3); 1.61 (hextJd = 7.5 Hz, 2H, NCHCH,CH,CH); 2.23
(pent,J = 7.4 Hz, 2H, NCHCH,CH,CHy); 2.23, 2.30 and 2.31 (s, 15H, Ngmh(CH3)s-2,3,4,5,6); 4.91 () = 7.8 Hz,
2H, NCH,CH,CH,CHjy); 6.27 (s, 2H, NE,Ph(CH,)s-2,3,4,5,6); 6.38 (dJ = 8.6 Hz, 1H aromH of benzimidazole),
6.90-6.94 (m, 1H aronH of benzimidazole), 7.12-7.16 (m, 1H arorh.of benzimidazole), 7.34-7.38 (m, 3H, arom.
Hs of benzimidazole and pyridine); 7.78 @t 7.7, 1.6 Hz, 1H, aronH of pyridine); 8.98 (ddJ = 6.5, 1.5 Hz, 2H,
arom.Hs of pyridine)."®C NMR (101 MHz, CDGJ, 25°C, TMS):6 (ppm) = 13.9 (NCKCH,CH,CH,); 16.9, 17.3 and
17.4 (NCHPh(CH3)s-2,3,4,5,6); 20.4 (NCKCH,CH,CHy); 31.7 (NCHCH,CH,CHz); 48.4 (NCH,CH,CH,CHj); 51.3
(NCH,Ph(CH)s-2,3,4,5,6); 110.1, 111.7, 122.5, 122.9, 127.8,.1,3334.5, 134.6, 134.8 and 135.9 (ardDs. of
benzimidazole and 2,3,4,5,6-pentamethylbenzyl);.8,2438.1 and 151.2 (aror@s of pyridine); 162.9 (P@.apend-
Elemental analysis calcd. (%) fopdH3sCl,NsPd: C 56.91, H 5.97, N 7.11; found (%): C 56.96, H65M8 7.10.

4.2.3. Trans-Dibromo-[1-(4-methylbenzyl)-3-(3-methoxylbenzyl)-bazimidazole-2-ylidene]-(pyridine)-
palladium(ll), (2c)

Yield 83%, 0.570 g; mp = 22223 °C; yellow solid; FT-IRvcy = 1409 cnif. *H NMR (400 MHz, CDC}, 25°C,
TMS): 6 (ppm) = 2.32 (s, 3H, NCJPh(CH5)-4); 3.75 (s, 3H, NCEPh(OUH,)-3); 6.18 (s, 4H, NE,Ph(CH)-4 and
NCH,Ph(OCH)-4); 6.86 (d,J = 7.4 Hz, 1H aromH of 4-methylbenzyl), 7.03-7.31 (m, 11H, aroms of



benzimidazole, 3-methoxylbenzyl and 4-methylbenz¥lb0 (d,J = 7.9 Hz, 2H, aromHs of pyridine); 7.72 (tt) =

7.7, 1.6 Hz, 1H, aromH of pyridine); 9.02 (ddJ = 6.5, 1.5 Hz, 2H, arontHs of pyridine).**C NMR (101 MHz,
CDCl;, 25°C, TMS): 6 (ppm) = 21.2 (NCEPh(CH5)-4); 53.5 (NCH,Ph(CH)-4); 53.7 (NCH,Ph(OCH)-4); 55.7
(NCH,Ph(QCHj)-4); 111.5, 111.6, 113.1, 114.7, 120.4, 123.1,.02829.5, 129.7, 131.8, 134.7, 134.8, 136.6, 137.8
and 160.2 (aronCs of benzimidazole, 3-methoxylbenzyl and 4-methiyityd); 124.5, 137.9 and 153.0 (arof®s of
pyridine); 164.2 (Pdz .nend- Elemental analysis calcd. (%) fopgH,-Br.N;OPd: C 48.90, H 3.96, N 6.11; found (%):
C 49.22, H 3.94, N 6.17.

4.2.4, Dibromo-[1-(2,4,6-trimethylbenzyl)-3-(3-methrylbenzyl)-benzimidazole-2-ylidene]-(pyridine)-
palladium(ll), (2d)

Yield 75%, 0.536 g; mp = 247248 °C; yellow solid; FT-IRvey = 1395 cnil. 'H NMR (400 MHz, CDCJ, 25 °C,
TMS): 6 (ppm) = 2.35 and 2.37 (s, 9H, N@Ph(H)s-2,4,6); 3.75 (s, 3H, NCHPh(OMH,)-3); 6.19 (s, 4H,
NCH,Ph(CHy)s-2,4,6 and NE,Ph(OCH)-4); 6.85-6.89 and 6.98-7.30 (m, 8H, aroAs of benzimidazole and 3-
methoxylbenzyl); 6.95 (s, 2H arorms of 2,4,6-trimethylbenzyl), 7.34 @,= 7.6 Hz, 2H, aromHs of pyridine); 7.75
(tt, 3= 7.5, 1.5 Hz, 1H, aronH of pyridine); 9.03 (ddJ = 7.5, 1.5 Hz, 2H, aronHs of pyridine).**C NMR (101
MHz, CDCk, 25 °C, TMS): 6 (ppm) = 21.0 and 21.1 (NGRh(CH)s-2,4,6); 51.1 (\CH,Ph(CH)s-2,4,6); 53.8
(NCH,Ph(OCH)-4); 55.7 (NCHPh(CCH5)-4); 111.3, 113.1, 114.6, 120.3, 122.7, 123.1,.3,2729.6, 129.7, 134.6,
135.2, 136.6, 137.9, 139.0 and 160.2 (ar@s.of benzimidazole, 3-methoxylbenzyl and 2,4,6-¢tinylbenzyl);
124.5, 138.7 and 152.6 (aro@®s of pyridine); 164.0 (P@:.wend. Elemental analysis calcd. (%) foggH3,Br,N-OPd:
C 50.34, H4.37, N 5.87; found (%): C 49.71, H 4.4%,.8B.

4.2.5. Dibromo-[1-(2,3,5,6-tetramethylbenzyl)-3-(3-ethoxybenzyl)-benzimidazole-2-ylidene]-(pyridine)-
palladium(ll), (2e)

Yield 80%, 0.583 g; mp = 23214 °C; yellow solid; FT-IRvcy = 1405 cnif. *H NMR (400 MHz, CDC}, 25°C,
TMS): 0 (ppm) = 2.31 (s, 12H, NCIRPh(H5),-2,3,5,6); 3.79 (s, 3H, NCIRh(OH,)-3); 6.22 (s, 2H, NE,Ph(CH),-
2,3,5,6); 6.26 (s, 2H, N,Ph(OCH)-4); 6.85-7.31 (m, 11H, aronHs of benzimidazole, 3-methoxylbenzyl and
2,3,5,6-tetramethylbenzyl); 7.36 @,= 7.5 Hz, 2H, aromHs of pyridine); 7.78 (ttJ = 7.5, 1.5 Hz, 1H, aronH of
pyridine); 9.03 (ddJ = 6.5, 1.5 Hz, 2H, aronHs of pyridine).*C NMR (101 MHz, CDCJ, 25°C, TMS):d (ppm) =
16.8 and 20.6 (NCHPh(CHj),2,3,5,6); 51.6 (€H,Ph(CH),-2,3,5,6); 53.9 (ICH,Ph(OCH)-4); 55.7
(NCH,Ph(CCHJ)-4); 111.3, 113.1, 114.6, 120.4, 122.6, 123.1,.712930.5, 132.6, 134.4, 134.5, 135.2, 135.4, 137.9
and 160.2 (aromCs of benzimidazole, 3-methoxylbenzyl and 2,3,5tfataethylbenzyl); 124.5, 136.7 and 152.6
(arom.Cs of pyridine); 163.9 (P@..nend- Elemental analysis calcd. (%) fog;8::Br,N;OPd: C 51.02, H 4.56, N
5.76; found (%): C 52.95, H 5.06, N 5.71.

4.3. General procedure for the direct arylation offive-membered heteroaromatics

In a typical experiment, an oven dried 10 mL Scklarbe was charged with 1 mol% Pd-complex, (0.01 fhnas
catalyst, five-membered heteroaromatic compour@ir(#nol), (hetero)aryl bromide (1.0 mmol), KOAc (1.5wl) as

a base, and DMAc (2 mL) as solvent under an argoonsihere. The reaction mixture was stirred at20r 140°C

for 1 h (see Table 4-6). After completion of thectémn, the solvent was evaporated under vacuumtandesidue was
solved with CHCI, (2 mL). The chemical characterizations of the piid were undertaken with GC and GC-MS
spectrometry. GC yields were calculated with respecaryl bromide from the results of GC spectrometryhwi
dodecane as internal standard.

4.4. X-ray Analysis

Intensity data of2c were collected on a STOE IPDS Il diffractometer abnmotemperature using graphite-
monochromated Mo Kradiation by applying therscan method. Data collection and cell refinemenewearried out
using X-AREA"” while data reduction was applied using X-REf§3ZThe structure was solved by a dual-space
algorithm using SHELXT-2018 and refined with full-matrix least-squares caldalas onF? using SHELXL-201&'
implemented in WinG$ program suit. All carbon-bound H atoms were locatedifference electron-density map
and then treated as riding atoms in geometriceblized positions, with-eH = 0.93 (aromatic), 0.97 (GHand 0.96

A (CHy), and withUi(H) = kUeC), wherek = 1.5 for the methyl groups and 1.2 for all otheratoms. In the
compound, the methoxy moiety was disordered over pagitions, and the refined site-occupancy factdrshe
disordered parts, viz. OFAC15A and O1B-C15B, are 0.673(15) and 0.327(15)%, respectivelyhé final difference



Fourier map of the compound, the maximum resideaisilies being higher than 1 €*Avere observed around the
palladium and essentially meaningless. The crysiediphic data and refinement parameters are suzedain Table

7. Molecular graphic was created by using ORTEP-3.

Table 7.Crystal data and structure refinement parameterdco

CCDC denositor
Color/shap
Chemical formul
Formula weigt
Temperatur (K)
Wavelength (A
Crystal systel
Space grou

Unit cell parameters
a, b, c(A)

a, B,y (°)

Volume (&)

A

Dcalc (g/CITS)

u (mm™)

Absorption correctio
Tmin.y Tmax

Fooc

Crystal size (mr)

191074¢

Colorless/plat
[PdBI(Ca3H22N0)(CsHsN)I
687.7¢

29¢

0.71073 Mo ta

Monoclinic

P2;/n (No. 14

12.0678(6), 11.2435(6), 20.8956(
90, 106.548(4), ¢

2717.8(2

4

1.681

3.64¢

Integratior

0.1835, 0.847

136(

0.48 x 0.41 x 0.C

Diffractometer/measureme STOE IPDS ll/rotationw scan

Index range -15<h<15,-14<k<14,-27<1<27
6 range for data collectior’) 2.033<6< 27.69.

Reflections collecte 2698¢

Independent/observe 6342/345:

Rint. 0.11C

Refinement methc Full-matrix leas-squares oF?
Data/restraints/paramet 6342/41/33

Goodnes-of-fit on F? 0.95¢

FinalRindices | > 24(1)] R; = 0.0568 wR,= 0.116:
Rindices (all date R;=0.1177wR,= 0.137:
Apmax, Apmin (e/A®) 1.11,-0.4C

Appendix A. Supplementary data

CCDC 1910749 fo2c complex contains the supplementary crystallogm@plaita for the compound reported in this
article. These data can be obtained free of chamgapplication to CCDC, 12 Union Road, Cambridge GBZ, UK
[Fax: +44 1223 336 033, e-mail: deposit@ccdc.camkadttps://www.ccdc.cam.ac.uk/structures/].

Supplementary data related to this article carobed at https://
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Highlights

» Benzimidazole-based PEPPSI-type palladium-complexes were synthesi zed.
» The structures of palladium-complexes were characterized by different techniques.

» The complexes were tested as catalysts in the direct arylation of five-membered heteroaromatics.
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