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ABSTRACT

Bis(imidazolium) chlorides based on 1,2-phenyleneti@amvere introduced as efficient ligand
precursors in the Pd-catalyzed Mizoroki-Heck crosspling reactions of substituted aryl
halides with activated alkenes to afford the cqoesling functionalized alkenes. While high to
excellent yields (78-96%) were obtained with argbrbides, moderate yields (51-59%) were

achieved for aryl chlorides in this protocol.

Keywords: N-Heterocyclic carbene ligands, Mizoroki-Heck reawcti Aryl bromides, Terminal

alkenes, Palladium



1. Introduction
Over the past few decades, palladium-catalyzedsaroapling reactions have surprisingly
advanced a wide range of organic reactions [1]. Agnthem, the coupling reaction of aryl
halides with activated alkenes (Mizoroki-Heck conglreaction) is one of the best synthetic
routes toward C-C bond formation [2]. Applicatiohasyl iodides as highly efficient substrates
in the Mizoroki-Heck reaction has been limited daeheir low availability and high cost. On
the other hand, strong bond between %Bpand Csp-Cl needs highly active catalysts for
activation to be applicable in coupling reactioB$ [The enormous applications of Mizoroki-
Heck reaction in the synthesis of novel materiplsarmaceuticals and natural products have
encouraged organic chemists to develop highly aatatalysts and efficient synthetic methods

for this transformatiof4].

A wide range of palladium catalysts and ligandseh&een developed for Mizoroki-Heck
reaction. Among them, phosphine-containing ligaidse been extensively utilized in the
Mizoroki-Heck reaction to improve the catalytic igity of complexes via stabilization and
generation of Pd(0) species from Pd(ll) complepds Unfortunately, phosphine ligands are
toxic, air and moisture sensitive, and highly exgem[6]. To overcome these limitations,
various catalytic systems have been introduced.eiBg various phosphine-free ligands
including oxazolines,N-heterocyclic carbenes (NHCs), diazacrown ethershiffS bases,

hydrazines, amino alcohols, amino acids and porpsyrave been established for Pd-catalyzed



C-C cross-coupling reactiong]. Between these ligandsn situ preparedN-heterocyclic
carbenes have been proven to be significant ligdod$d-mediated cross-coupling reactions
[8]. Lately, NHCs have attracted more efforts fiotroducing more efficient ligands in this area.
Their advantages are easy preparation of NHCs enldlge scale, their air-stability, and
generally similar or higher performance in compamiso phosphane-based systems. Also, the
strongero-donor and weakett-acceptor properties of NHCs compared to phospligaeds
cause higher electron density on the Pd (or any MtéEal complexes) which increase their
stability to moisture, air, and hel®. Among NHC ligandspbissNHC ligands containing an
alkyl, aryl, pyridyl, lutidinyl, cyclohexyl, polyéter and a solid support as bridging linkers have
been well investigated for the synthesis of NHCahebmplexes with potential applications as
catalyst in synthetic organic chemistry [1Bfth pre-prepared arid situ prepared imidazolium
based NHC-Pd complexes are applied extensiveliifeoroki-Heck reaction. Deprotonation of
NHC salts with a base in the presence of a Pd ppeccan furnish the corresponding palladium
complexesin situ suitable for cross-coupling reactions. In thisamely recently, Nadret al.
reported the application of 1,1'-Methylene-3,3[{s(tert-butyl)imidazol-2-ylidene] as efficient
ligand precursor for Pd-catalyzed C-C cross-cogpleaction of aryl bromides and activated
alkenes (Scheméa) [11]. In addition bis-imidazolium ligand precursor in conjunction with
Pd(OAc) as catalyst for Suzuki-Miyaura reaction is devebbpy Rahimi and Schmidt (Scheme

1b) [12]. In this regard, here we are interestedejoort the preparation of fols-imidazolium



salts and their applications as ligand precursorPii-catalyzed Mizoroki-Heck cross-coupling

reaction of aryl bromides and chlorides with adtsbalkenes (Scheni).

(a) Nadri ez al [19]

Pd(OAc),
Imidazolium salt %N"//\ N/\N/\\NJ,%
A-Br  + Z R Arv/\R \9’ \Q/
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(b) Rahimi and Schmidt ['!]

Pd(OAc) e \ )
Br o) =N
B(OH), Imidazolium salt 7o

NaOt-Bu 2 BE,
‘ A0 ™ N\
Toluene, rt /=N

MG’N\) (¢]]

(c) This work
PdCl, ° N"%
Imidazolium salt Me NH \\\N
CSZCO3 ~ 2CI
ABr(C) + Z R > AN

DMF, 125°C Me
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Scheme 1Reported and proposéis(imidazolium) salts as ligand precursor for C-Cssragoupling reactions.

2. Results and discussion

Four bis-imidazolium salts based omphenylenediamine as ligand precursor suitablePidy
catalyzed Mizoroki-Heck cross-coupling reactionsravprepared. As shown in Scheme 2, the

reactions of chloroacetyl chloride withphenylenediamine and its derivatives were caroied



to prepare the corresponding,N'-(1,2-phenylene)bis(2-chloroacetamide) derivativies-d
(vields (%): B; 96, 1b:93, 1c 89, 1d: 91). Nextla-d reacted with an excess amount of 1-
methylimidazole to afford the correspondibs-imidazolium salts2a-d (yields (%): 2a; 74,
2b:79, 2c: 76,2d: 75). The structures @&fa-d were characterized by IRH and**C NMR, mass

and elemental analysis.

o]

0
Y i MRS
R NH, o R NH l-methyllmlfiazole R! NH \\NMe
j@[ + cu\)kCI CH,Cl,/ H,0. NaOH I:E (2.2 equiv) j@[ Me
R? NH, 20 min. R2 NH DMF, 85°C,10h R NH (1 J
_ A P /
1 equiv 2.5 equiv 0o 0

aR,R2=Me b:R'=Me,R2=H l1a-d 2a-d
c¢:R'=CLR?=H d:R",R?=H

Scheme 2Synthetic route for preparation of bis-imidazatghd precursor

After successful preparation bis-imidazolium salt®a-d, their applications as ligand precursor
in the Mizoroki-Heck reaction were investigated. f&st, the model reaction between styrene
and bromobenzene was screened in the presence@D£E.1 equiv) in various solvents such
as water, toluene, DMSO, dioxane, and DMF by ugdirigmol % of PdGlat 120 °C (Table 1,
entries 1-5). The best yield was obtained in DMEXxM\ the effect of catalyst loading was
examined. While by decreasing the amount of thalysttloading to 0.8 mol %, the yield was
decreased to 85%, no improvement in reaction yigld observed using 1.7 mol% of the catalyst
(Table 1, entries 6-7). In addition, by decreasafighe reaction temperature to 80 °C, the yield

was significantly dropped to 38% (Table 1, entry ®)e best yield (96%) was obtained at 125



°C (Table 1, entry 10). By performing the modelctéan in the presence of various bases such
as EtN, DIPEA (N,N-diisopropylethylamine)t-BuOK, NaOH, and KCO; instead of C&£0Os
under optimized reaction conditions, lower yieldsrevobtained (Table 1, entries 11-15). By
usingbis-imidazolium salt22b-d as ligand precursor, the reaction yields werehfiijgdecreased
(about 1-3%) under optimized reaction conditional(€ 1, entries 16-18]. It may be attributed
to the higher electron density on the nitrogenthefamide groups iBa and improvement of the
catalyst activity toward the Mizoroki-Heck couplingaction. In addition, to confirm the
efficiency of thebis(imidazolium) salts as ligand precursor in the jsmgd typical reaction, we
performed the reaction under ligand- free condiaod low yield of the produ&a was resulted
(Table 1, entry 19). Furthermore, whea-d was used as ligand precursor instea@af, the
yields were significantly decreased even by pralogdghe reaction time to 24 h (Table 1, entries
20-23]. Finally, stirring a solution of styrene Zlequiv) and bromobenzene (1 equiv) in the
presence of GEOs; (1.1 equiv), PdGI(1.1 mol %), an®a (1.1 mol %) in DMF at 125C was

considered as optimal reaction conditions for ferrttherivatization.

<<Table 1>>

In order to explore the scope of the reactionjousr activated and non-activated aryl halides
and terminal olefins were applied in this proto€idble 2). It is conceivable that the reaction of

2a with CsCO; produces the corresponding NHC ligaimdsitu for generation of the active



catalyst with PdGl suitable for activation of the starting materidtsvard cross-coupling

reaction. Several aryl bromides bearing electrotiradvawing and electron-donatimggoups were

applied successfully in cross-coupling reactionattord the correspondingrans isomer 5.

Lower yields were obtained for aryl bromides camtag a substituent on thartho position

compare tometa and para positions. The results showed that aryl bromidesraore reactive

than aryl chlorides in the reaction with styrenegtimyl acrylate and ethyl acrylate. For this

purpose, the chemoselectivity of the catalytic esystwas examined using 4-chloro-1-

bromobenzene and 4-fluoro-1-bromobenzene (Tablenfjes 9-10 and 12-14). This study

showed that, -Br is a better leaving group than ai@l —F, and the cross-coupling reaction was

preferably occurred in the bromide position. Altgbwchlorobenzene gave 51% and 55% yield

in the reaction with styrene and methyl acrylatepestively. Using an electron-withdrawing

group on the phenyl ring such as 4-nitro-1-chloraeme improved the yield up to 59% [Table

2, entry 17].

<<Table 2>>

The catalytic efficiency of our catalyst in Mizotiekleck cross-coupling reaction of

bromobenzene and styrene is compared with thoseteehpin the literatures and summarized in

Table 3. As revealed from Table 3, our catalystwwshgood activity in comparison to some of

the reported methods in literatures.



<<Table 3>>

3. Conclusions

In conclusion, a new catalytic system for the MakizHeck cross coupling reactions of
aryl bromides and chlorides with activated olefiageported using a new category of
bis(imidazolium) chlorides based on 1,2-phenylenedmamas ligand precursor, {03
and PdCl. The advantages of this method include moderaextellent yields, simple
synthesis of ligand precursor, excellent regiogeligg for aryl bromides in the presence
of aryl chlorides and fluorides.

4. Experimental

4.1 General All materials were purchased from Merck, AldricmdaFluka, and used as
received. Melting points were measured by an Héotrmal 9100 apparatus and are
uncorrected. FT-IR spectra was recorded on a Ré&ilkiner 843 spectrophotometer using KBr
disc. NMR spectra were recorded on a Bruker Ava@tie MHz using DMSQds as solvent and
Me,Si (TMS) as internal standard at 298 K. The chehsbidfts ) are reported in parts per
million (ppm) and coupling constantd) (are given in Hz. Low resolution mass spectra was
collected on a Hewlett-Packard 5973 mass spectesrogerating at 70 eV. Elemental analyses

were carried out on a Perkin-Elmer 2004 serieSGHN elemental analyzer.



4.2.General Procedure for the Preparation @a-d:

To a solution of 1,2-phenylenediamine (or its datives) (10.0 mmol) in CyCl, (30 mL),
aqueous NaOH (20.0 mmol in 8 mL water) was addéénTchloroacetyl chloride solution (2.8
g, 25.0 mmol in 25 mL CKCl,) was added to the reaction mixtuni@ dropping funnel with
stirring. The mixture was further stirred for 20mio afford a precipitate. The solid was filtered
off, washed with ether (10 mL), and dried underwamn to affordla-d [yields (%): 1a; 96,
1b:93, 1c: 89,1d: 91]. The solids were used in the next step witliotther purification. Then,
1-methylimidazole (1.8 g, 22 mmol) was added toolut®on of 1a-d (in 40 mL DMF). The
reaction mixture was stirred for 10 h at 85 °C. d,itbe mixture was cooled to room temperature
and the solvent was removed under vacuum and thétirg solid was suspended in 30 mL
acetone with stirring for 15 min. Finally, the saspion was filtered and dried in vacuum to give

the pure productYields (%):2a; 74,2b:79,2c: 76,2d: 75).
4.3, Characterization data foPa-2d:

3,3-(((4,5-dimethyl-1,2-phenylene)bis(azanediyl))b(2-oxoethane-2,1-diyl))bis(1-methyl-

1H-imidazol-3-ium) Chloride (2a):

Yield: 3.35 g (74%); yellow solidH NMR (300 MHz, DMSOsdg) § 10.53 (s, 2H), 9.31 (s, 2H),
7.86 (M, 2H), 7.72 (m, 2H), 7.37 (s, 2H), 5.424), 3.91 (s, 6H), 2.16 (s, 6H) ppMC NMR
(75 MHz, DMSO#e) 6 163.8, 137.5, 132.8, 126.9, 125.1, 123.4, 12217),535.5, 18.7 ppm.
Anal. calcd for GoH2eCloNgO2 (%): C, 52.99; H, 5.78; N, 18.54. Found (%): 51.B35.48; N,
18.17;IR (cm™): 3082, 2974, 1688, 1597, 1552, 1496, 1441, 1238R1, 1250, 1179, 1107, 750, 692,

619, 501; LRMS (El) [M — Cljm/z 382.



3,3-(((4-methyl-1,2-phenylene)bis(azanediyl))bis(@xoethane-2,1-diyl))bis(1-methyl-1H-
imidazol-3-ium) Chloride (2b):

Yield: 3.46 g (79%); pale yellow solid; mp 225-227;'H NMR (300 MHz, DMSO¢g) § 10.67
(s, 1H), 10.62 (s, 1H), 9.35 (s, 2H), 7.88 (m, 2AHY4 (m, 2H), 7.49 — 7.35 (m, 2H), 6.97 (m,
1H), 5.46 (s, 2H), 5.44 (s, 2H), 3.91 (s, 6H), 2(243H) ppm*C NMR (75 MHz, DMSOs) &
164.2, 137.8, 134.4, 129.6, 127.1, 124.6, 123.3.0151.3, 35.8, 20.6 ppm; Anal. calcd for
C1H24CbNO, (%): C, 51.94; H, 5.51; N, 19.13. Found (%): C,781 H, 5.62; N, 19.16; IR
(cm™®): 2977, 1687, 1606, 1549, 1511, 1309, 1251, 11107, 821, 748; LRMS (EI) [M — CI]+
m/z 368.
3,3'-(((4-chloro-1,2-phenylene)bis(azanediyl))bis(@xoethane-2,1-diyl))bis(1-methyl-1H-
imidazol-3-ium) Chloride (2c):

Yield: 3.48 g (76%); pale yellowH NMR (300 MHz, DMSOds) § 10.97 (s, 1H), 10.88 (s, 1H), 9.36 (s,
1H), 9.35 (s, 1H), 7.89 (m, 2H), 7.74 (m, 3H), 7-64.52 (m, 1H), 7.23 (dd,= 8.7, 2.5 Hz, 1H), 5.49 (s,
2H), 5.48 (s, 2H), 3.91 (s, 6H) ppMC NMR (75 MHz, DMSOds) 6 164.7, 164.5, 137.8, 131.2, 128.7,
128.2, 123.8, 123.1, 120.5, 51.4, 35.8 ppm; Aratdacfor GgH,:CINgO, (%): C, 47.02; H, 4.60; N,
18.28. Found (%): C, 47.21; H, 4.44; N, 18.61; ¢Rif): 2952, 1694, 1612, 1546, 1487, 1396, 1306,

1250, 1180, 830; LRMS (El) [M - Cljwz 388.

3,3'-((1,2-phenylenebis(azanediyl))bis(2-oxoetharg1-diyl))bis(1-methyl-1H-imidazol-3-
ium) Chloride (2d):

Yield: 3.18 g (75%); pink solidtH NMR (300 MHz, DMSOeg) 6 10.74 (s, 1H), 9.36 (s, 1H),
7.89 (d,J = 1.7 Hz, 1H), 7.74 (d) = 1.7 Hz, 1H), 7.59 (dd] = 6.0, 3.6 Hz, 1H), 7.16 (dd,=

6.1, 3.5 Hz, 1H), 5.48 (s, 2H), 3.91 (s, 3H) ppft NMR (75 MHz, DMSOds) & 164.3, 137.8,



129.7, 125.2, 124.7, 123.7, 123.0, 51.4, 35.8 phmaj. calcd for GsH2:CloNgOs (%): C, 50.83;
H, 5.21; N, 19.76. Found (%): C, 51.03; H, 5.33;18,14. IR (crf): 2955, 1688, 1597, 1551,

1496, 1442, 1341, 1310, 1250, 1179, 1107, 751, 88, 502; LRMS (EI) [M — ClnVz 354.

4.4.General Procedure for the Mizoroki—-Heck Cross Coung Reaction:

In a Schlenk flask under JNatmosphere2a (5 mg, 0.011 mmol), Pd€(2 mg ,0.011 mmol),
CsC0O; (358 mg, 1,1 mmol) and DMF (1.5 mL) were addecde Témction mixture was heated at
90 °C for 30 min. Then, an aryl halide (1.0 mmaijian olefin (1.2 mmol) were added and the
mixture was further stirred at 125 °C under air@phere conditions. The reaction progress was
monitored by Thin Layer Chromatography (EtOAc/hexani:9). After completion of the
reaction, the mixture was cooled to room tempeeatand water (8 mL) was added and was
extracted with EtOAc (3 x 10 mL). The organic solvevas dried over N8O, and was
evaporated under vacuum to give the crude produthwvwas further purified by column

chromatography using EtOAc/hexane, 1:9.
4.5."HNMR data of Mizoroki-Heck product$5a-59:

(E)-1,2-diphenylethene (5a)'H NMR (300 MHz, Chlorofornd) & 7.54 (m, 4H), 7.38 (m,

5H), 7.32 — 7.25 (m, 3H).

Methyl cinnamate (5b):*H NMR (300 MHz, Chlorofornd) & 7.70 (d,J = 16.0 Hz, 1H), 7.51

(m,J = 3.9, 1.6 Hz, 2H), 7.43 — 7.32 (m, 3H), 6.44Xd, 16.0 Hz, 1H), 3.80 (s, 3H).

(E)-1-styrylnaphthalene (5c):*H NMR (300 MHz, Chlorofornd) § 8.39 — 8.29 (m, 1H), 8.10

—7.79 (M, 4H), 7.76 — 7.55 (m, 5H), 7.54 — 7.333), 7.31 — 7.17 (m, 1H).



Ethyl (E)-3-(naphthalen-1-yl)acrylate (5d):"H NMR (300 MHz, Chlorofornd) & 8.54 (d,J =
15.7 Hz, 1H), 8.21 (dd] = 8.4, 1.4 Hz, 1H), 7.97 — 7.82 (m, 2H), 7.76 (@ld, 7.2, 1.1 Hz, 1H),
7.63 —7.38 (m, 3H), 6.54 (d= 15.8 Hz, 1H), 4.33 (q} = 7.1 Hz, 2H), 1.39 (] = 7.1 Hz, 3H).
(E)-1-bromo-4-styrylbenzene (5e)*H NMR (300 MHz, Chlorofornd) & 7.54 — 7.48 (m, 2H),
7.45 - 7.26 (m, 5H), 7.17 (m, 1H).

Methy! (E)-3-(4-bromophenyl)acrylate (5f):*H NMR (300 MHz, Chlorofornd) § 7.60 (d,J =
16.0 Hz, 1H), 7.50 (d] = 8.5 Hz, 2H), 7.36 (d] = 8.5 Hz, 2H), 6.41 (d] = 16.0 Hz, 1H), 3.79
(s, 3H).

(E)-1-methyl-3-styrylbenzene (5g)*H NMR (300 MHz, Chlorofornd) § 7.54 — 7.46 (m, 3H),
7.42 —7.27 (m, 6H), 7.14 — 6.91 (m, 2H), 2.8B).

Methyl (E)-3-(m-tolyl)acrylate (5h): *H NMR (300 MHz, Chlorofornd) § 7.67 (d,J = 16.0
Hz, 1H), 7.39 — 7.16 (m, 4H), 6.43 (= 16.0 Hz, 1H), 3.80 (s, 3H), 2.37 (s, 3H).

Methy! (E)-3-(2-chlorophenyl)acrylate (5i):*H NMR (300 MHz, Chlorofornd) & 8.07 (d,J =
16.0, 1H), 7.63 — 7.54 (m, 1H), 7.38 (m, 1H), 7-31.20 (m, 2H), 6.41 (d} = 16.0, 1H), 3.80 (s,
3H).

Ethyl (E)-3-(2-chlorophenyl)acrylate(5j)*H NMR (300 MHz, Chlorofornd) & 7.60 (d,J =
16.0 Hz, 1H), 7.53 — 7.47 (m, 2H), 7.39 — 7.33 2i), 6.41 (dJ = 16.0 Hz, 1H), 3.79 (s, 3H).
Methyl (E)-3-(2-ethylphenyl)acrylate (5k):*H NMR (300 MHz, Chlorofornd) & 8.04 (d,J =
15.8 Hz, 1H), 7.56 (d] = 7.4 Hz, 1H), 7.39 — 7.28 (m, 1H), 7.25 — 7.17 2id), 6.38 (d,] =
15.8 Hz, 1H), 3.82 (s, 3H), 2.79 @= 7.6 Hz, 2H), 1.23 (] = 7.6 Hz, 3H).

Methy! (E)-3-(2-fluorophenyl)acrylate(5l): *H NMR (300 MHz, Chlorofornd) 6 7.82 (d,J =
16.2 Hz, 1H), 7.53 (td] = 7.6, 1.8 Hz, 1H), 7.41 — 7.20 (m, 1H), 7.20 976(m, 2H), 6.54 (clJ

= 16.3 Hz, 1H), 3.81 (s, 3H).



Methyl (E)-3-(4-fluorophenyl)acrylate (5m):*H NMR (300 MHz, Chlorofornd) & 7.63 (d,J =
16.0 Hz, 1H), 7.53 — 7.42 (m, 2H), 7.05J& 8.6 Hz, 2H), 6.34 (d] = 16.0 Hz, 1H), 3.78 (s,
3H).

Ethyl (E)-3-(4-fluorophenyl)acrylate (5n):*H NMR (300 MHz, Chlorofornd) & 7.65 (d,J =
16.0 Hz, 1H), 7.56 — 7.45 (m, 2H), 7.13 — 6.97 2#), 6.36 (d,J = 16.0 Hz, 1H), 4.26 (g} =

7.1 Hz, 2H), 1.34 () = 7.1 Hz, 3H).

Methy! (E)-3-(3-nitrophenyl)acrylate (50): *"HNMR (300 MHz, Chloroformd) & 8.36 (t,J =
2.0 Hz, 1H), 8.22 (ddd] = 8.2, 2.3, 1.1 Hz, 1H), 7.82 (d#i= 7.8, 1.4 Hz, 1H), 7.75 — 7.68 (m,

1H), 7.58 (tJ = 8.0 Hz, 1H), 6.56 (d] = 16.0 Hz, 1H), 3.83 (s, 3H).
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Table 1 Optimization of the reaction conditidhs

\ PdCl, (x mol%)

B ligand precursor (x mol%) O
r
o A
+ >
Sa

solvent, temp., time
3 4




Entry Solvent Base T(°C)/Time (h) Pacl, Hgand precursor Yield °
(x mol %) (x mol%)
1 H,O CsCO; 120/6 1.1 2a(1.1%) 15
2 Toluene CsCO; 120/5 1.1 2a(1.1%) 38
3 DMSO CsCO; 120/3 11 2a(1.1%) 66
4 Dioxane CsCO; 120/5 1.1 2a(1.1%) 52
5 DMF CsCO;, 120/3 1.1 2a(1.1%) 93
6 DMF CsCO;, 120/5 0.8 2a (0.8%) 85
7 DMF CsCO;, 120/3 1.7 2a (1.7%) 93
8 DMF CsCO;, 80/10 1.1 2a (1.1%) 38
9 DMF Cs,CO; 115/5 1.1 2a (1.1%) 72
10 DMF Cs,CO3 125/3 1.1 2a(1.1%) 96
11 DMF EtN 125/3 11 2a(1.1%) 77
12 DMF DIPEA 125/3 1.1 2a(1.1%) 71
13 DMF t-BuOK 125/3 1.1 2a(1.1%) 78
14 DMF NaOH 125/3 1.1 2a(1.1%) 75
15 DMF K,COs 125/3 1.1 2a(1.1%) 80
16 DMF CsCO; 125/3 1.1 2b (1.1%) 92
17 DMF CsCO; 125/3 1.1 2¢ (1.1%) 90
18 DMF CsCO; 125/3 1.1 2d (1.1%) 90
19 DMF CsCO; 125/10 1 - 25
20" DMF CsCO; 125/24 11 la(1.1%) 18
21 DMF CsCO; 125/24 1.1 1b (1.1%) 22
22 DMF CsCO; 125/24 1.1 1c (1.1%) 17
23 DMF CsCO; 125/24 1.1 1d (1.1%) 19

Reaction conditions: Bromobenzene (1mmol), Styréih2 mmol), base (1.1 mmol), solvent (1.5 mtlsolated

yields.

Table 2 ‘Diversity of Mizoroki-Heck reaction of Aryl haligs and olefin8.



2a (1.1 mol%)
PdCl, (1.1 mol %)
AX + O Ri > Ar/\/R
Cs,CO3, DMF, 125 °C

5
Entry ArX R Product Time (h) Yields®
1 PhBr Ph b5a 3 96
2 PhBr COMe 5b 35 95
3 1-NaphBr Ph 5c 3 95
4 1-NaphBr COEt 5d 4 93
5 4-BrCeH,Br Ph 5e 3 94
6 4-BrCeH,Br COMe 5f 35 95
7 3-MeGH,Br Ph 59 35 92
8 3-MeGH,Br COMe 5h 35 93
9 2-CICgH,4Br CO:Me 5i 5 84
10 2-CICsH,Br CO,Et 5j 5 85
11 2-EtGH4Br COMe 5k 5.5 78
12 2-FGH,Br COMe 5l 5 87
13 4-FC,H,Br CcoMe 5m 45 94
14 4-FCGH4Br CO.Et 5n 4.5 91
15 PhCI Ph b5a 15 51
16 PhCI COMe 5b 15 55
17 4-NO,CH,CI coMe 50 15 59

@ Reaction conditions: Aryl halide (1 mmol), olefib.2 mmol), CsCO; (1.1 mmol), DMF (1.5 mL), 125 °C, under

air.®Isolated yield.



Table 3 Comparison of activity and reaction conditionsiomogeneous and heterogeneous catalysts in the

Mizoroki-Heck reaction of bromobenzene and styrene.

Entry Catalyst/(mol% Pd) Solvent Base Time (h)/T (°C)  Yield (%)?
1 2a, PAC} (1.1 mol%) DMF CsCO0; (1.1 mmol) 3/125 96 [This work]
b2 PdACb-Kryptofix (1.5 mol%) DMF EtN (1.1 mmol) 0.17/130 74 [13a]

Pd(OAc) (2 mol%) [HEmMim][BF4] K3PQ, (2 mmol) 16/130 57 [10b]
4 [BMIM][X]-Pd(OAC) » (6 mol%) [BMIM][PF6] basic-IL (4 mmol) 4/70 91 [13b]
°5 CNT@Fe304@Si02-Pd (1.5 mol%) DMF CsCO; (1.5 mmol) 24/130 89 [13c]
% Pd-Salen@MWCNTs DMF Et:N (1.1 mmol) 5/130 85 [13d]

3solated yield™ ¢ 1mmol TBAB was used as additiVé€.5 mmol TBAB was used as additive.



A novel bis(imidazolium) chlorides as ligand precursor synthesized
Pd-catalyzed Mizoroki-Heck cross-coupling reactions was successfully performed
Performing the reaction with aryl chlorides and bromides

Moderate to excellent yields

Excellent regioselectivity for aryl bromides



