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Abstract:Seven novel 1,3-dialkyl-4-methylimidazolinium chloride salts 3a–g were prepared as precursors of N-heterocyclic

carbenes by reacting N,N’-alkyl-1,2-diaminopropane, triethyl orthoformate, and ammonium chloride. The salts were

characterized spectroscopically. The in situ prepared palladium complexes derived from the imidazolinium salts and pal-

ladium acetate were used as catalyst in Heck coupling reactions between aryl bromides and styrene. The corresponding

Heck products were obtained in good yields.
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1. Introduction

The palladium-catalyzed coupling reaction of aryl or vinyl halides with various alkenes, the Mizoroki–Heck

reaction, is an extremely valuable method for carbon–carbon bond formation.1−4 This powerful reaction has

been widely used in the synthesis of important functionalized compounds. Traditionally, Heck reactions of

aryl halides with alkenes are carried out using various palladium phosphine catalysts.5−11 In recent years, a

great deal of attention has been paid to the design and synthesis of palladium complexes that can be used

as an alternate to air-sensitive and toxic palladium phosphine catalysts. Thus, N-heterocyclic carbenes, Schiff

bases, amines, oxazolines, pyridines, hydroxyquinolines, hydrazones, tetrazoles, and N-phenylurea have been

used as ligands in Heck and Suzuki coupling reactions.12−25 N-heterocyclic carbenes have received a great deal

of attention as alternatives to phosphine-based ligands in palladium-catalyzed coupling reactions.26−28 Both

metal/NHC complexes and metal/imidazolium salts systems can be used in a number of coupling reactions.29−36

The imidazolinium and benzimidazolium salts are an effective ligand precursor for palladium-catalyzed carbon–

carbon bond forming reactions.37−41 These salts are readily prepared by alkylation of dihydroimidazole and by

cyclization reactions of a secondary bisamine with triethyl orthoformate in the presence of ammonium salt or

N,N’-dialkyl-1,2-diaminoethane dihydro halides with triethyl orthoformate.42−44

The number, nature, and position of the substituents on the nitrogen atoms or NHC ring have tremendous

influence on the rate of catalyzed reactions and stability of complexes of NHCs against heat, moisture, and air.

Therefore, NHC ligands can be easily modified by changing the substituents on the nitrogen atoms or carbene

ring. Thousands of free and metal-coordinated N-heterocyclic carbenes have been reported, but NHCs bearing

different groups on the backbone of the carbenes are relatively rare.45−56
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Herein we report the synthesis and characterization of new imidazolinium chloride salts bearing benzyl

substituents on nitrogen atoms and methyl-substituent on the 4-position as N-heterocyclic carbene precursors

and the use of the in situ generated catalytic system composed of Pd(OAc)2 and these salts for Heck cross-

coupling of aryl bromides with styrene.

2. Results and discussion

2.1. Synthesis and characterization of imidazolinium salts, 3a–g

As shown in the Scheme, the synthesis of the symmetrical 1,3-dialkyl-4-methylimidazolinium salts 3 was

achieved in three steps. The condensation reaction of 1,2-diaminopropane with two molar equivalents of the

aromatic aldehydes in ethanol gave the corresponding Schiff bases 1, which were subsequently treated with

sodium borohydride in methanol at room temperature to produce the corresponding benzylic diamines 2. The

cyclization of N,N’-dialkylpropane-1,2-diamines leading to the symmetrical 1,3-dialkyl-4-methylimidazolinium

salts 3 was carried out with triethyl ortoformate and ammonium chloride. After purification, pure products

were obtained as colorless solids in good yields (76%–89%). The salts are soluble in the common polar solvents

and are air- and moisture-stable both in the solid state and in solution. The structures of the 1,3-dialkyl-4-

methylimidazolinium salts have been fully identified by 1H and 13C NMR spectroscopy, FTIR, and elemental

analysis. All results were in agreement with the proposed structure. They show a characteristic υ(NCN) band

at 1556–1638 cm−1 . NMR spectroscopic data confirm the formation of 3a–g. The 13C NMR resonances of

the imine groups of 3a–g appeared at the range 158.23–158.70 ppm as single signals, while the resonances of

the benzylic groups were observed at the range 54.34–56.50 ppm as two signals. In the 1H NMR spectrum,

the resonances of the C(2)-H for the imidazolinium salts were observed as sharp singlets at δ = 10.55, 10.65,

10.57, 10.56, 10.63, 10.55, and 10.74 ppm for 3a–g, respectively. These NMR and IR values were similar to

those reported for 1,3-dialkylimidazolinium salts.39,48

2.2. Heck reaction

The catalytic activities of 1,3-dialky-4-methylimidazolinium salts in a Heck reaction involving the cross-coupling

of aryl bromides with styrene were investigated. Reactions were performed in air and without any additive.

Initially, the Heck reaction of bromobenzene with styrene was chosen as the model reaction. Various parameters

including catalyst loading, bases, solvent, temperature, and time were screened to optimize the reaction

conditions. After the preliminary test of various bases and solvents, we chose K2CO3 as a base and DMF-

water as a solvent, which are most commonly used in the Heck reaction. The optimized conditions were applied

to Heck reactions between styrene with various aryl bromides (p-bromoacetophenone, p -bromotoluene, p -

bromobenzaldehyde, p-bromoanisol, and bromobenzene). Control experiments showed that palladium acetate in

the absence of 1,3-dialky-4-methylimidazolinium salts was inactive under these conditions for the Heck reaction.

However, the activated (electron-poor) and deactivated (electron-rich) aryl chlorides basically do not react under

these reaction conditions, and yields are less than 5%.

Both the electron-rich, electron-deficient, and unsubstituted aryl bromides gave desirable Heck products

in high yields using this catalytic system (Table). Of the five different aryl bromides, as expected, good yields

were obtained in the reactions of the styrene and aryl bromide with electron-withdrawing substituent such as

COMe and CHO (Table, entries 1–7 and 15–21). Use of aryl bromide bearing electron-donating groups such as

Me and OMe slightly decreased the yields under the same conditions (Table, entries 8–14 and 22–28). Among

the tested salts, the imidazolinium salt bearing methoxy groups on the aromatic ring (3b) was the most effective
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Scheme. Synthesis of 1,3-dialkyl-4-methylimidazolinium salts.

for catalytic activity in Heck coupling reactions. These catalysts give similar activities to those of other in situ

prepared Pd(OAc)2/NHC systems.38,39

3. Experimental

All reactions for the preparation of 1,3-dialkyl-4-methylimidazolinium salts 3a–g were carried out under argon

using standard Schlenk-type flasks. Heck coupling reactions were carried out in air. 1,2-Diaminopropane,

aldehydes, and other reagents were purchased from Aldrich Chemical Co. (Turkey). All 1H and 13C NMR

spectra were recorded in CDCl3 using a Bruker AC300P FT spectrometer operating at 300.13 MHz (1H) or

75.47 MHz (13C). Chemical shifts (δ) are given in ppm relative to TMS; coupling constants (J) are in hertz.

FT-IR spectra were recorded as KBr pellets in the range 400–4000 cm−1 on a Mattson 1000 spectrophotometer

(wavenumbers, cm−1). GC was performed by GC-FID on an Agilent 6890N gas chromatograph equipped with
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Table. The Heck coupling reaction of aryl bromides with styrene.

+ Br R
Pd(OAc)2 , 3a-g

DMF/H2O , K2CO3
R

Entry  Product Catalyst 
a,b,c 

(%) 

1  

 

 

Me

 

 

 
 

 

C Me

O
C

O

 

3a 98 

2 3b 99 

3 3c 94 

4 3d 97 

5 3e 96 

6 3f 95 

7 3g 93 

8 

 

 

Br

Br

Br

Me

CHO
CHO

 

 

 

Me
 

3a 86 

9 3b 88 

10 3c 82 

11 3d 85 

12 3e 86 

13 3f 83 

14 3g 81 

15 

 

 

3a 90 

16 3b 91 

17 3c 85 

18 3d 87 

19 3e 89 

20 3f 88 

21 3g 86 

22 

 

 

Br

Br

OMe OMe

 

  

 

3a 82 

23 3b 84 

24 3c 79 

25 3d 78 

26 3e 80 

27 3f 76 

28 3g 75 

29 

 

 
 

 

 
 

 

 

 

3a 94 

30 3b 95 

31 3c 89 

32 3d 92 

33 3e 93 

34 3f 93 

35 3g 91 

aReaction conditions: 1.0 mmol of R-C6H4Br-p , 1.5 mmol of styrene, 2.0 mmol of K2CO3 , 1.0 mmol of Pd(OAc)2 ,
2.0 mol% 3a–g. bPurity of compounds is checked by NMR and isolated yields are based on aryl bromide. cAll reactions
were monitored by GC.
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an HP-5 column of 30-m length, 0.32-mm diameter, and 0.25-µm film thickness. Melting points were measured

in open capillary tubes with an Electrothermal-9200 melting point apparatus and are uncorrected. Elemental

analyses were performed at İnönü University research center.

3.1. General procedure for the preparation of Schiff bases

A solution of the aldehydes (10 mmol) and 1,2-diaminopropane (5 mmol) in ethanol (30 mL) was heated under

reflux for 3 h; then volatiles were removed under vacuum to dryness. The crude product was crystallized from

toluene/hexane.

3.2. General procedure for the preparation of diamines

Sodium borohydride (15 mmol) was added portionwise over 30 min to a solution of diimine (10 mmol) in MeOH

(30 mL) at room temperature and the reaction mixture was stirred for 12 h and then heated under reflux for 1 h.

Upon cooling to room temperature, the mixture was treated with 1 N HCl and the organic phase was extracted

with CH2Cl2 (3 × 30 mL). After drying over MgSO4 and evaporation, the crude product was crystallized

from toluene/hexane.

3.3. General procedure for the preparation of imidazolinium salts (3a–g)

A mixture of N,N ′ -alkyl-1,2-diaminopropane (6.2 mmol), NH4Cl (6.2 mmol), and triethyl orthoformate (10

mL) was heated for 12 h at 110 ◦C. Upon cooling to room temperature, colorless crystals were obtained. The

crystals were filtered, washed with diethyl ether (3 × 15 mL), and dried under vacuum. The crude product

was recrystallized from EtOH/Et2O.

3.3.1. 1,3-Bis(4-tert-butylbenzyl)-4-methylimidazolinium chloride, (3a)

Yield, 2.28 g, 89%; mp: 248–250 ◦C. IR: ν(N=CH) = 1634.80 cm−1 . Anal. Calc. for C26H37N2Cl:

C, 75.63; H, 8.96; N, 6.78. Found: C, 75.84; H, 8.67; N, 6.57%. 1H NMR (δ , CDCl3): 1.27 (s, 18H,

CH2C6H4C(CH3)3 -p), 1.32 (d, 3H, J= 6 .3 Hz, NCH(CH3)CH2N), 3.24–3.31 (m, 1H, NCH(CH3)CH2N),

3.81–3.88 (m, 1H, NCH(CH3)CH2N), 4.02–4.06 (m, 1H, NCH (CH3)CH2N), 4.40 (d, 1H, J= 15.6 Hz,

CH2Ar), 4.83 (s, 2H, CH2Ar), 5.22 (d, 1H, J= 15.6 Hz, CH2Ar), 7.28 (d, 4H, J= 7.8 Hz, CH2C6H4C(CH3)3 -

p), 7.36 (d, 4H, J= 7.8 Hz, CH2C6H4C(CH3)3 -p), 10.55 (s, 1H, 2-CH). 13C NMR (δ , CDCl3):

18.18 (NCH(CH3)CH2N), 31.22(×2) (CH2C6H4C(CH3)3 -p), 34.62(×2) (CH2C6H4C (CH3)3 -p), 49.17

(NCH(CH3)CH2N), 51.98 (NCH(CH3)CH2N), 54.45, 55.20 (CH2Ar), 126.13, 126.17, 128.42, 128.55, 129.48,

129.54, 152.06(x2) (CH2C6H4C(CH3)3 -p), 158.33 (2-CH).

3.3.2. 1,3-Bis(3,4-dimethoxybenzyl)-4-methylimidazolinium chloride, (3b)

Yield, 2.14 g, 82%; mp: 181–183 ◦C. IR: ν(N=CH) = 1638.70 cm−1 . Anal. Calc. for C22H29N2O4Cl: C,

62.78; H, 6.89; N, 6.65. Found: C, 62.57; H, 6.93; N 6.69%. 1H NMR (δ,CDCl3): 1.34 (d, 3H, J= 6.6 Hz,

NCH(CH3)CH2N), 3.22–3.29 (m, 1H, NCH(CH3)CH2N), 3.82–3.86 (m, 1H, NCH(CH3)CH2N), 3.87 (s, 6H,

CH2C6H3 (OCH3)2 -3,4), 3.95 (s, 6H, CH2C6H3 (OCH3)2 -3,4), 4.04–4.10 (m, 1H, NCH (CH3)CH2N), 4.38

(d, 1H, J= 14.6 Hz, CH2Ar), 4.76 (d, 1H, J= 14.6 Hz, CH2Ar), 4.82 (d, 1H, J= 14.6 Hz, CH2Ar), 5.17 (d,
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1H, J= 14.6 Hz, CH2Ar), 6.80–6.90 (m, 4H, CH2C6H3 (OCH3)2 -3,4), 7.13–7.17 (m, 2H, CH2C6H3 (OCH3)2 -

3,4), 10.65 (s, 1H, 2-CH). 13C NMR (δ , CDCl3): 18.27 (NCH(CH3)CH2N), 49.23 (NCH(CH3)CH2N), 52.08

(NCH(CH3)CH2N), 54.30(×2), 55.21, 55.87 (CH2C6H3 (OCH3)2 -3,4), 56.40, 56.50 (CH2Ar), 111.13(×2),

111.94, 112.03(×2), 121.21, 121.40(×2), 124.99, 125.00, 149.50, 149.67 (CH2C6H3 (OCH3)2 -3,4), 158.23 (2-

CH).

3.3.3. 1,3-Bis(4-methylbenzyl)-4-methylimidazolinium chloride, (3c)

Yield, 1.58 g, 78%; mp: 112–115 ◦C. IR: ν(N=CH) = 1556 cm−1 . Anal. Calc. for C20H25N2Cl: C, 73.05;

H, 7.61; N, 8.52. Found: C, 73.34; H, 7.82; N, 8.56%. 1H NMR (δ,CDCl3): 1.27 (d, 3H, J= 6.3 Hz,

NCH(CH3)CH2N), 2.30 (s, 6H, CH2C6H4 (CH3)-p), 3.20–3.26 (m, 1H, NCH(CH3)CH2N), 3.78–3.85 (m,

1H, NCH(CH3)CH2N), 3.96–4.05 (m, 1H, NCH (CH3)CH2N), 4.38 (d, 1H, J= 14.7 Hz, CH2Ar), 4.76 (d,

1H, J= 14.7 Hz, CH2Ar), 4.85 (d, 1H, J= 14.7 Hz, CH2Ar), 5.18 (d, 1H, J= 14.7 Hz, CH2Ar), 7.14 (d,

4H, J= 7.8 Hz, CH2C6H4CH3 -p), 7.24 (d, 4H, J= 7.8 Hz, CH2C6H4CH3 -p), 10.57 (s, 1H, 2-CH). 13C

NMR (δ , CDCl3): 18.20 (NCH(CH3)CH2N), 21.15(×2) (CH2C6H4(CH3)-p), 49.31 (NCH(CH3)CH2N),

52.02 (NCH(CH3)CH2N), 54.34, 55.20 (CH2Ar), 128.61, 128.78, 129.48, 129.51, 129.88, 129.91, 138.91, 138.93

(CH2C6H4CH3 -p), 158.27 (2-CH).

3.3.4. 1,3-Bis(4-ethylbenzyl)-4-methylimidazolinium chloride, (3d)

Yield, 1.68 g, 76%; mp: 129–135 ◦C. IR: ν(N=CH) = 1634.92 cm−1 . Anal. Calc. for C22H29N2Cl:

C, 74.22; H, 8.13; N, 7.85. Found: C, 74.45; H, 8.36; N, 7.96%. 1H NMR (δ,CDCl3): 1.18 (t, 6H,

J= 7.3 Hz, CH2C6H4CH2CH3 -p), 1.28 (d, 3H, J= 6.3 Hz, NCH(CH3)CH2N), 2.58 (q, 4H, J= 7.5

Hz, CH2C6H4CH2CH3 -p), 3.15–3.28 (m, 1H, NCH(CH3)CH2N), 3.74–3.87 (m, 1H, NCH(CH3)CH2N),

3.97–4.06 (m, 1H, NCH (CH3)CH2N), 4.37 (d, 1H, J= 14.2 Hz, CH2Ar), 4.76 (d, 1H, J= 14.2 Hz,

CH2Ar), 4.85 (d, 1H, J= 14.2 Hz, CH2Ar), 5.18 (d, 1H, J= 14.2 Hz, CH2Ar), 7.15 (d, 4H, J= 6.9 Hz,

CH2C6H4CH2CH3 -p), 7.27 (d, 4H, J= 6.9 Hz, CH2C6H4CH2CH3 -p), 10.56 (s, 1H, 2-CH). 13C NMR (δ ,

CDCl3): 15.37(×2) (CH2C6H4CH2CH3 -p), 18.19 (NCH(CH3)CH2N), 21.05(×2) (CH2C6H4CH2CH3 -

p), 49.33 (NCH(CH3)CH2N), 51.69 (NCH(CH3)CH2N), 54.40, 55.25 (CH2Ar), 128.67, 128.70, 128.84,

129.80, 129.98, 145.14, 156.48, 158.31 (CH2C6H4CH2CH3 -p), 158.30 (2-CH).

3.3.5. 1,3-Bis(4-isopropylbenzyl)-4-methylimidazolinium chloride, (3e)

Yield, 1.92 g, 81%; mp: 167–169 ◦C. IR: ν(N=CH) = 1577.31 cm−1 . Anal. Calc. for C24H33N2Cl:

C, 74.90; H, 8.58; N, 7.28. Found: C, 74.52; H, 8.87; N, 7.41%. 1H NMR (δ,CDCl3): 1.18 (d, 12H,

J= 8.7 Hz, CH2C6H4CH(CH3)2 -p), 1.28 (d, 3H, J= 6 .3 Hz, NCH(CH3)CH2N), 2.79–2.89 (m, 2H,

CH2C6H4CH (CH3)2 -p), 3.22–3.29 (m, 1H, NCH(CH3)CH2N), 3.81–3.89 (m, 1H, NCH(CH3)CH2N), 3.97–

4.06 (m, 1H, NCH (CH3)CH2N), 4.36 (d, 1H, J= 14.6 Hz, CH2Ar), 4.76 (d, 1H, J= 14.6 Hz, CH2Ar), 4.82 (d,

1H, J= 14.6 Hz, CH2Ar), 5.18 (d, 1H, J= 14.6 Hz, CH2Ar), 7.16 (d, 4H, J= 8.1 Hz, CH2C6H4CH(CH3)2 -

p), 7.26 (d, 4H, J= 8.1 Hz, CH2C6H4CH(CH3)2 -p), 10.63 (s, 1H, 2-CH). 13C NMR (δ , CDCl3):

18.20 (NCH(CH3)CH2N), 23.82(×2) (CH2C6H4CH(CH3)2 -p), 33.79(×2) (CH2C6H4CH(CH3)2 -p), 49.24

(NCH(CH3)CH2N), 52.00 (NCH(CH3)CH2N), 54.42, 55.21 (CH2Ar), 127.26, 127.30, 128.66, 128.83, 129.81,

129.85, 149.78(×2) (CH2C6H4CH(CH3)2 -p), 158.28 (2-CH).
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3.3.6. 1,3-Bis(2,4-dimethylbenzyl)-4-methylimidazolinium chloride, (3f)

Yield, 1.83 g, 83%; mp: 210–215 ◦C. IR: ν(N=CH) = 1575.13 cm−1 . Anal. Calc. for C22H29N2Cl: C,

74.05; H, 8.13; N, 7.85. Found: C, 74.32; H, 8.47; N, 7.61%. 1H NMR (δ,CDCl3): 1.29 (d, 3H, J= 6.3 Hz,

NCH(CH3)CH2N), 2.27 (s, 6H, CH2C6H4 (CH3)2 -2,4), 2.31 (s, 6H, CH2C6H4 (CH3)2 -2,4), 3.19–3.25 (m,

1H, NCH(CH3)CH2N), 3.74–3.82 (m, 1H, NCH(CH3)CH2N), 3.93–3.99 (m, 1H, NCH (CH3)CH2N), 4.47 (d,

1H, J= 14.9 Hz, CH2Ar), 4.80 (d, 1H, J= 14.9 Hz, CH2Ar), 4.92 (d, 1H, J= 14.9 Hz, CH2Ar), 5.20 (d, 1H,

J= 14.9 Hz, CH2Ar), 6.97–7.14 (m, 6H, CH2C6H3 (CH3)2 -2,4), 10.55 (s, 1H, 2-CH). 13C NMR (δ , CDCl3):

18.62 (NCH(CH3)CH2N), 19.27, 19.39, 21.02, 21.04 (CH2C6H3(CH3)2 -2,4), 47.65 (NCH(CH3)CH2N), 50.09

(NCH(CH3)CH2N), 54.5, 55.23 (CH2Ar), 127.31, 127.36, 127.42(×2), 129.59, 129.80, 131.93, 132.09, 136.84,

136.87, 139.10, 139.15 (CH2C6H3 (CH3)2 -2,4), 158.44 (2-CH).

3.3.7. 1,3-Bis(4-phenylbenzyl)-4-methylimidazolinium chloride, (3g)

Yield, 2.19 g, 77%; mp: 250–251 ◦C. IR: ν(N=CH) = 1566.00 cm−1 . Anal. Calc. for C30H29N2Cl: C, 79.55;

H, 6.41; N, 6.18. Found: C, 79.36; H, 6.21; N, 6.32%. 1H NMR (δ , CDCl3): 1.34 (d, 3H, J= 6.3 Hz,

NCH(CH3)CH2N), 3.30–3.37 (m, 1H, NCH(CH3)CH2N), 3.90–3.98 (m, 1H, NCH(CH3)CH2N), 4.08–4.17

(m, 1H, NCH (CH3)CH2N), 4.53 (d, 1H, J= 14.8 Hz, CH2Ar), 4.92 (d, 1H, J= 14.8 Hz, CH2Ar), 5.00

(d, 1H, J= 14.8 Hz, CH2Ar), 5.32 (d, 1H, J= 14.8 Hz, CH2Ar), 7.28–7.58 (m, 18H, CH2C6H4C6H5 -

p), 10.74 (s, 1H, 2-CH). 13C NMR (δ,CDCl3): 18.28 (NCH(CH3)CH2N), 49.31 (NCH(CH3)CH2N),

52.01(NCH(CH3)CH2N), 54.54, 55.49 (CH2Ar), 127.05(×2), 127.69, 127.90, 127.92, 128.87(×2), 129.17,

129.37(×2), 131.56(×2), 140.08, 140.09, 141.86, 141.89 (CH2C6H4C6H5 -p), 158.70 (2-CH).

3.4. General procedure for the Heck coupling reactions

Pd(OAc)2 (1.0 mmol%), the appropriate 1,3-dialky-4-methylimidazolinium salt 3a–g (2 mmol%), aryl bromide

(1.0 mmol), styrene (1.5 mmol), K2CO3 (2 mmol), water (3 mL), and DMF (3 mL) were added to a small

Schlenk tube and the mixture was heated at 80 ◦C for 2 h. At the conclusion of the reaction, the mixture

was cooled, extracted with EtOAc–hexane (1:5), filtered through a pad of silica gel with copious washing,

concentrated, and purified by flash chromatography on silica gel. All reactions were monitored by GC. The

purity of the compounds was checked by NMR and the yields are based on aryl bromide.

4. Conclusions

Seven 1,3-dialkyl-4-methylimidazolinium chloride salts were synthesized by cyclization reactions of N,N ′ -

dialkylpropane-1,2-diamines with triethyl orthoformate in the presence of ammonium chloride and the use

of palladium complexes generated in situ from palladium acetate, and these salts were investigated as catalysts

for the Heck coupling reactions of styrene with aryl bromides in water/DMF. The corresponding coupling

products were obtained in good to excellent yields. All in situ prepared palladium complexes demonstrated

good catalytic activity in Heck coupling reactions. This catalytic system provides good conditions for the

coupling of aryl bromides without additives such as tetrabutylammonium bromide in air.
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