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ABSTRACT: From readily available starting mate-
rials, six 1,3-dialkyl-imidazolinium bromides (2a—f)
have been prepared and characterized by conventional
spectroscopic methods and elemental analyses. The in-
corporation of saturated N-heterocyclic carbenes into
palladium precatalysts gives high catalyst activity in
the Suzuki coupling of deactivated aryl chloride sub-
strates in aqueous media. The complexes were gen-
erated in the presence of Pd(OAc), by in situ de-
protonation of 2a-f. © 2005 Wiley Periodicals, Inc.
Heteroatom Chem 16:557-561, 2005; Published online
in Wiley InterScience (www.interscience.wiley.com). DOI
10.1002/hc.20140

INTRODUCTION

The palladium-catalyzed cross-coupling reaction of
aryl halides with boronic acids (the Suzuki reaction)
is one of the most efficient methods for construc-
tion of C,yy—C,y bonds and has found widespread
use in organic and polymer syntheses [1]. Although
several other cross-coupling reactions are available
to produce biaryls, the Suzuki reaction has been
the most used over the course of the last few years,
since it has several advantages compared with other
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available methods. One of the advantages of the
Suzuki reaction is the innocuous nature of boronic
acids, which are generally nontoxic and thermally,
air, and moisture stable. In addition to being environ-
mentally safer, the handling and removal of boron-
containing by-products is easy when compared with
other organometallic reagents, especially in large-
scale synthesis. Another key advantage is that the
Suzuki reaction can be carried out under mild con-
ditions and tolerates a variety of functional groups in
the starting aryl halides and aryl boronic acids. It is
now well established that almost any palladium cat-
alyst precursor promotes the coupling of aryl iodides
and bromides with organoboron compounds, under
mild reaction conditions [2]. Moreover, significant
advances have been recently achieved in catalyst de-
sign for the coupling of the less reactive and cheaper
aryl chlorides [3]. For example, the replacement of
the commonly used triarylphosphines ligands with
bulky electron-rich phosphines or carbenes, gener-
ates very active catalysts for the coupling of aryl
chlorides [4].

Recently, a major study on Suzuki reactions
has focused on increasing the activity of the cata-
lysts and decreasing the catalyst loading; this has
included the use of additives, the modification of
the catalyst, and changing the solvents. A major ad-
vance achieved by increasing the catalytic activity is
the extension of the Suzuki reaction to unactivated
aryl chlorides, as noted by the research groups of
Buchwald [5], Fu [6], and Herrmann [7] as well as
several other groups. The use of water as a solvent for
chemical reactions clearly has both economical and
environmental advantages because it is inexpensive,
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abundant, nontoxic, nonflammable, and readily sep-
arable from organic compounds [8]. There have
been a number of reports of the palladium-mediated
Suzuki reaction being performed using water as
solvents [9] which relates to the coupling of the aryl
boronic acids with aryl iodides or activated bro-
mide and aryl chlorides but involves the use of an
oxime-carbapalladacycle as a catalyst [10]. Recently,
we have developed improved procedures Heck and
Suzuki reactions of aryl chlorides making use of
novel ligands 1,3-dialkyl-imidazolinium salts [11],
1-alkylimidazoline, a-bis(imine) [12].

Although the nature of the NHC ligand on com-
plexes has a tremendous influence on the rate of
catalyzed reactions. In order to find more efficient
palladium catalysts, we have prepared a series of
new 1,3-dialkyl-imidazolinium salts, 2, (Scheme 1),
containing a saturated imidazole ring and we now
report the use of the in situ generated catalytic sys-
tem composed of commercially available and stable
reagents, the Pd(OAc), as palladium source, 1,3-
dialkyl-imidazolinium salts (2a-f) as a carbene pre-
cursor and Cs,CO; as a base for cross-coupling of
aryl chlorides with phenyl boronic acid in aqueous
media.

RESULTS AND DISCUSSION

Dialkyl-imidazolinium salts, 2, are conventional
NHC precursors. According to Scheme 1, the salts
2a-f were obtained in almost quantitative yield by
quarternazition of 1-alkyl-imidazoline [13] in DMF
with alkyl halides (Scheme 1). The structures of
2a-f were determined by their characteristic spec-
troscopic data and elemental analyses (Experimen-
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2a  R= CHyC¢Hy(CHs)3-2,4,6
2b R =CH,CH,0OCH;

2¢ R = CHy;CH,OC,Hs

2d R = CHyC¢Hy(CH3)5-2,4,6
2e R =CH,CH,OCH;

2f  R= CH,CH,0C,H;s

SCHEME 1  Synthesis of 1,3-dialkylimidazolinium salts.

tal section). 3C NMR chemical shifts were consis-
tent with the proposed structure, the imino carbon
appeared as a typical singlet in the 'H-decoupled
mode in the 157.5, 158.5, 159.2, 157.6, 158.7, and
158.5 ppm respectively for imidazolinium salts 2a-
f. The '"H NMR spectra of the imidazolinium salts
further supported the assigned structures; the reso-
nances for C(2)—H were observed as sharp singlets
in the 8.78, 8.94, 8.87, 9.06, 9.13, and 9.18 ppm re-
spectively for 2a-f. The IR data for imidazolinium
salts 2a—f clearly indicate the presence of the —C=N—
group with a v(C=N) vibration at 1444, 1479, 1483,
1464, 1452, and 1456 cm™! respectively for 2a-f. The
NMR values are similar to those found for other 1,3-
dialkylimidazolinium salts [11].

It has been found that the in situ formation of the
ligand by deprotonation of the imidazolinium chlo-
rides leads to significantly better results than the use
of the preformed carbene [14].

To find optimum conditions, a series of exper-
iments have been performed with 4-chlorotoluene
and phenylboronic acid as model compounds. As
a base, Cs,CO; was the best choice in water/DMF
systems. In addition, the reactions were performed
in air and without degassing the water prior to
use. After having established the optimized coupling
reaction conditions, the scope of the reaction and
efficiencies of the salts were evaluated by inves-
tigating the coupling of CqH;B(OH), with various
p-substituted aryl chlorides. The results were shown
in Table 1.

Under those conditions, p-chloroacetophenone,
p-chlorotoluene, p-chlorobenzaldehyde, p-chloroa-
nisole, and chlorobenzene react very cleanly with
phenylboronic acid in goods yields (Table 1, entries
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R’ = CH,CgHa(o-CgHs)
R' = CH,CgHy(o-CgHs)
R’ = CH,CgHa(o-CgHs)
R' = CH,CH,C4Hs
R’ = CH,CH,CgHs
R' = CH,CH,C4Hs
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TABLE 1 The Suzuki Coupling Reaction of Aryl Chlorides

with Phenylboronic Acid
@B(OH)z + R@—Cl R

Pd(OAc),; (1 mol %)
2a-f (2 mol %)

DMF /H,0 , C5;CO;3

Entry R LHX Yield(%)&b.¢:d
1 COCH;3 2a 79
2 COCHj3 2b 84
3 COCHj3 2c 83
4 COCHj3 2d 91
5 COCHj3 2e 88
6 COCHj3 2f 92
7 CHs 2a 75
8 CHs 2b 73
9 CHs 2¢c 71
10 CHs 2d 76
11 CHs 2e 80
12 CHs 2f 83
13 CHO 2a 89
14 CHO 2b 86
15 CHO 2c 89
16 CHO 2d 91
17 CHO 2e 89
18 CHO 2f 94
19 OCHa 2a 77
20 OCHs 2b 71
21 OCHs 2c 73
22 OCHs 2d 76
23 OCHjs 2e 84
24 OCHjs 2f 82
25 H 2a 79
26 H 2b 83
27 H 2c 85
28 H 2d 82
29 H 2e 86
30 H 2f 88

@Reaction conditions:1.0 mmol of R-C¢H,ClI-p, 1.3 mmol of phenyl-
boronic acid, 2 mmol Cs,CO3, 1 mmol % Pd(OAc),, 2 mmol % 2,
water (3 mL)-DMF (3 mL).

bPurity of compounds is checked by NMR, and yields are based on
arylchloride.

°All reactions were monitored by GC.

9Temperature 50°C, 3 h.

4,6, 12, 18, 23, and 30). From the results in Table
1, it is evident that the NHC precursors that con-
tain electron-donating ethoxyethyl or methoxyethyl
substituent (2b, 2¢, 2e, 2f) are the most effective of
the salts examined. The coordinating ability of the
alkoxy group may be an important contributor to
the increase in reactivity, as has been demonstrated
by previous examples [15].

CONCLUSION

We have developed a highly effective, easy to
handle, and environmentally benign process for
palladium-mediated Suzuki cross-coupling in aque-

ous media using saturated 1,3-dialkylimidazolidin-2-
ylidene ligands. The procedure is simple and efficient
toward various aryl chlorides and does not require
induction periods. To further exploit the advan-
tageous properties displayed by the palladium/
N-heterocyclic carbene systems, catalytic investiga-
tions focusing on a number of cross-coupling reac-
tions are ongoing in our laboratory.

EXPERIMENTAL

'"H NMR and 3C NMR spectra were recorded us-
ing a Bruker AC300P FT spectrometer operating at
300.13 MHz (‘H), 75.47 MHz (**C). Chemical shifts
(6) are given in ppm relative to TMS, coupling con-
stants (J) in Hz. FT-IR spectra were recorded on a
Mattson 1000 spectrophotometer, wave numbers in
cm~!. Melting points were measured in open cap-
illary tubes with an Electrothermal-9200 melting
point apparatus and uncorrected. Elemental analy-
ses were performed by TUBITAK (Ankara, Turkey)
Microlab.
1-(2,4,6-Trimethylbenzyl)-3-(2-phenylbenzyl)-imid-
azolinium bromide (2a): To a solution of 1-(2,4,6-
trimethylbenzyl) imidazoline (2.02 g, 10 mmol)
in DMF (5 mL) was added slowly 2-phenylbenzyl
bromide (2.49 g, 10.07 mmol) at 25°C and the
resulting mixture was stirred at room temperature
for 8 h. Diethylether (15 mL) was added to obtain
a white crystalline solid which was filtered off.
The solid was washed with diethylether (3 x 10
mL), dried under vacuum, the crude product was
recrystallized from ethanole/diethylether (2:1).
mp 241-241.5°C, and the yield was 4.22 g, 949%,
ven) = 1444 cm~!. '"H NMR (6, CDCl3): 2.26 and
2.27 (S, 9H, CH2C6H2(CH3)3-2,4,6), 6.32 (S, 2H,
CH,C¢H,(CHj3);-2,4,6), 4.66 (s, 2H, CH,C4H,(CHs;);-
2,4,6), 3.51 and 3.61 (m, 4H, NCH,CH,N), 4.88 (s,
2H, CH,CH,(0-C¢Hs), 7.21-7.54 (m, 9H, CH,C, H, (o-
C.Hs), 8.78 (s, 1H, NCHN); *C{H}NMR (5, CDCl;):
20.5 and 21.2 (CH,C¢H,(CHj;)3-2,4,6), 125.5, 128.9,
138.0, and 139.3 (CH,C¢H,(CH;);-2,4,6), 46.5
(CH,C¢H,(CH;);-2,4,6), 47.9 and 48.3 (NCH,CH,N),
50.5 (CH,CoH,(0-CHs), 127.9, 128.7, 129.0, 129.4,
129.9, 130.0, 130.4, 130.8, 139.9, 142.5 (CH,C H,(o-
CsHs), 157.5 (NCHN). Found: C 69.45, H 6.51, N
6.26%. Calcd for Cy,cH,oN,Br: C 69.48, H 6.50, N
6.23%.
1-(Methoxyethyl)-3-(2-phenylbenzyl)imidazolinium
bromide (2b) was prepared in the same way as
2a from 1-(2-methoxyethyl) imidazoline (1.28 g,
10 mmol) and 2-phenylbenzyl bromide (2.49 g,
10.07 mmol) to give white crystals of 2b in 3.41 g,
91% yield, mp 91.5-92.0°C, ven = 1479 cm™'. 'H
NMR (6, CDCl;): 3.34 (s, 3H, CH,CH,OCH;), 3.87



560 Ozdemir et al.

(t, J 11.2 Hz, 2H, CH,CH,0CHj;), 3.48 (t, J 11.2 Hz,
2H, CH,CH,OCHj;), 3.56 and 3.64 (t, J 3.6 Hz, 4H,
NCHchzN), 4.81 (S, ZH, CH2C6H4(O-C6H5), 7.27—-
7.52 (m, 9H, CH,C4H,(0-C¢Hs), 8.94 (s, 1H, NCHN];
BC{H}NMR (§, CDCl;): 59.1 (CH,CH,0CHs;), 69.9
(CH,CH,0CHj;), 48.3 (CH,CH,0CH;), 47.7 and 49.8
(NCH,CH;N), 50.6 (CH,C4H,(0-C¢Hs), 128.0, 128.7,
128.9, 129.2, 129.5, 129.9, 130.5, 130.8, 140.1, 142.5
(CH,CcH,4(0-CcHs), 158.5 (NCHN). Found: C 60.83,
H 6.15, N 7.50%. Calcd for C;9H;N,OBr: C 60.80, H
6.18, N 7.46%
1-(Ethoxyethyl)-3-(2-phenylbenzyl)imidazolinium
bromide (2¢) was prepared in the same way as 2a
from 1-(2-ethoxyethyl) imidazoline (1.42 g, 10 mmol)
and 2-phenylbenzyl bromide (2.49 g, 10.07 mmol)
to give white crystals of 2¢ in 3.38 g, 87% yield, mp
= 92-92.5°C, vy = 1483 cm~!. 'H NMR (6, CDCl;):
1.12 (t, J 3.0 Hz, 3H, CH,CH,0OCH,CH;), 3.47
(q, J 3.6 HZ, 2H, CH2CH20CH2CH3), 3.51 and
3.53 (m, 4H, CH,CH,0OCH,CHj;), 3.50 and 3.89
(t,J 4.8 Hz,4H,NCH,CH,N), 4.86 (s, 2H, CH,CcH,(o-
C¢H;s), 7.24-7.55 (m, 9H, CH,C¢H,(0-CsHs), 8.87
(s, 1H, NCHN]; BC{HJNMR (5, CDCL): 15.1
(CH,CH,0CH,CH;), 66.6 (CH,CH,OCH,CHs;), 67.4
(CH,CH,0CH,CHj;), 50.2 (CH,CH,0CH,CH};), 48.2
and 49.5 (NCH,CH,N), 47.6 (CH,CsH,(0-C4Hs),
127.8, 128.5, 128.7, 128.9, 129.2, 129.8, 130.2, 130.6,
139.9, 1422 (CH,C,H,(0-CHs), 159.2 (NCHN).
Found: C 61.73, H 6.50, N 7.21%. Calcd for
C20H25N20Br: C 6170, H 647, N 7.19%.
1-(2,4,6-Trimethylbenzyl)-3-(2-phenylethyl)imida-
zolinium bromide (2d) was prepared in the same
way as 2a from 1-(2,4,6-trimethylbenzyl) imidazo-
line (2.02 g, 10 mmol) and 2-phenylethyl bromide
(1.86 g, 10.05 mmol) to give white crystals of 2d
in 3.56 g, 92% yield, mp 205-205.5°C, v = 1464
cm~'. 'TH NMR (6, CDCl;): 2.14 and 2.19 (s, 9H,
CH,C H,(CH,)5-2,4,6), 6.77 (s, 2H, CH,Cy Hy(CH)s-
2,4,6), 4.67 (s, 2H, CH,C4H,(CH;);-2,4,6), 3.69 and
3.93(t,J 9.6 and J 11.6 Hz, 4H, NCH,CH,N), 2.97
(t, J 7.2 HZ, 2H, CH2CH2C6H5), 3.88 (t, J 7.2 HZ,
2H, CH,CH,CH;), 7.19 (m, 5H, CH,CH,C¢Hs),
9.06 (s, 1H, NCHN); “C{H}NMR (§, CDCl;): 20.3
and 21.1 (CH,C¢H,(CH;);-2,4,6), 125.4, 128.9,
137.9, and 139.2 (CH,C.H,(CH,);-2,4,6), 49.4
(CH2C6H2(CH3)3-2,4,6), 48.2 and 49.1 (NCHzCHzN),
46.4 (CH,CH,C¢Hs), 33.8 (CH,CH,C¢H;), 127.4,
129.1, 129.9, 136.7 (CH,CH,C4Hs), 157.6 (NCHN).
Found: C 65.13, H 7.00, N 7.25%. Calcd for
Cy1HyN,Br: C65.11, H7.02, N 7.23%.
1-(Methoxyethyl)-3-(2-phenylethyl)imidazolinium
bromide (2e) was prepared in the same way as 2a
from 1-(2-methoxyethyl) imidazoline (1.28 g, 10
mmol) and 2-phenylethyl bromide (1.86 g, 10.05
mmol) to give white crystals of 2e in 2.66 g, 85%

yield, mp 70-70.5°C, vy = 1452 cm™'. '"H NMR
(5, CDCL,): 3.24 (s, 3H, CH,CH,OCH;), 3.86 and
3.95 (m, 4H, CH,CH,0OCH;), 3.49 and 3.66 (t, J
4.8 Hz, 4H, NCH,CH,N), 2.97 (t, J 7.2 Hz, 2H,
CH,CH,C¢Hs), 3.81 (t, J 7.2 Hz, 2H, CH,CH,C,H5),
7.21 (m, 5H, CH,CH,CsHs), 9.13 (s, 1H, NCHN);
BC{H}NMR (§, CDCl3): 59.1 (CH,CH,0OCHj3), 69.5
(CH,CH,OCH,), 49.8 (CH,CH,OCH,), 48.1 and
49.5 (NCH,CH;N), 49.1 (CH,CH,C¢Hs), 34.2 (CH,
CH,C¢Hs), 127.3,129.0, 129.1, 136.9 (CH,CH,CHs),
158.7 (NCHN). Found C 53.65, H 6.76, N 8.95%.
Calcd for C,H,;N,OBr: C 53.68, H 6.75, N 8.94%

1-(Ethoxyethyl)-3-(2-phenylethyl)imidazolinium
bromide (2f) was prepared in the same way as 2a
from 1-(2-ethoxyethyl) imidazoline (1.42 g, 10 mmol)
and 2-phenylethyl bromide (1.86 g, 10.05 mmol)
to give white crystals of 2f in 2.62 g, 80% vyield,
mp 83-84°C, vy = 1456 cm™!. 'H NMR (4,
CDCl;): 0.99 (t, J 7.2 Hz, 3H, CH,CH,0OCH,CH,),
3.33 (q, J 7.2 Hz, 2H, CH,CH,0CH,CHj;), 3.81
and 3.89 (m, 4H, CH,CH,OCH,CHj;), 3.44 and
3.57 (t, J 4.8 Hz, 4H, NCH,CH,N), 291 (t, J
7.2 Hz, 2H, CH,CH,CHs), 3.74 (t, J 7.2 Hz
2H, CH,CH,C,Hs), 7.11 (m, 5H, CH,CH,C,Hs),
9.18 (s, 1H, NCHN); BC{H}NMR (§, CDCl;3): 15.3
(CH,CH,0CH,CHj,), 66.7 (CH,CH,0CH,CHj;), 67.5
(CH,CH,0CH,CH;), 49.3 (CH,CH,0CH,CHj,),
48.2 and 49.2 (NCH,CH,N), 49.9 (CH,CH,C¢Hj5),
34.1 (CH,CH,CJHs), 127.2, 128.9, 129.0, 136.8
(CH,CH,CHs), 158.5 (NCHN). Found C 55.03, H
7.10, N 8.55%. Calcd for C;sH,;N,OBr: C 55.05, H
7.08, N 8.56%.

General Procedure for the Suzuki Coupling
Reaction

Pd(OAc), (1.0 mmol %), 1,3-dialkylimidazolinium
salts, 2 (2 mmol %), aryl chloride (1.0 mmol), phenyl-
boronic acid (1.3 mmol), Cs,CO; (2 mmol) water
(3 mL)-DMF (3 mL) were added to a small Schlenk
tube, and the mixture was heated at 50°C for 3 h.
At the conclusion of the reaction, the mixture was
cooled, extracted with Et,0, filtered through a pad
of silicagel with copious washings, concentrated and
purified by flash chromatography on silicagel. The
purity of the compounds was checked by NMR and
yields are based on arylchloride.
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