
S1

Pd(quinoline-8-carboxylate)2 as a low-priced,

phosphine-free catalyst for Heck and Suzuki reactions

Xin Cui, Juan Li, Zhi-Ping Zhang, Yao Fu, Lei Liu,* Qing-Xiang Guo*

Supporting Information

List of Contents

(A) Typical Experimental Procedure and Analytical Data…...………………S2
(B) References…………………………………………………………………..S8 
(C) Spectra………………………………………………………………………S9

General Information. All the Heck reactions and Suzuki reactions were carried out 
under Ar using magnetic stirring unless otherwise noted. DMF was distilled from 
CaH2 and other solvents were purchased from commercial suppliers used without 
further purification. 1H NMR spectra (300 MHz) were reported in ppm using 
tetramethylsilane as external standard. 13CNMR spectra were recorded on the same 
spectrometer (75.5 MHz) in proton decoupled mode. 
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(A)Typical Experimental Procedure and analytical data:

1. Experimental procedure for the ligands:

Ligand 3, 5, 6, 7, 8 are synthesized and characterized as following. Ligand 2 is well 

described in our previous work.1 Others are used as purchased.

3-(dimethylamino)propanamide Hydrochloride (3.HCl)2 Acrylamide (10mmol)

was added to dimethylamine (15mmol) in 3ml methanol and the mixture stood for 

three days at room temperature. The mixture was evaporated to completely dryness,

then the residue was dissolved in 20ml 2M HCl. 5x20ml ether was added to wash out 

acrylamide. Acetone was added to cause precipitation. The precipitate was filtered and 

dried under vacuum to afford 3-(dimethylamino)propanamide Hydrochloride as a

white solid (0.69g, 45%). 1H NMR (300MHz, D2O):δ3.42 (t, 2H, J =6.75Hz), 2.91 (s, 

6H), 2.81 (t, 2H, J =6.75Hz); 13C NMR (75MHz, D2O, acetone): δ29.4, 43.1, 53.7, 

174.3.

N-methylproline (5) Ligand 5 was synthesized exactly the same as previously 

reported.3 1H NMR (300MHz, D2O):δ3.87-3.92 and 3.71-3.75 (2m, 1H), 3.14-3.18 (m, 

1H), 2.94 (s, 3H), 2.48-2.52 (m, 1H), 2.00-2.23 (m, 3H); 13C NMR (75MHz, D2O, 

acetone): δ22.9, 28.8, 40.8, 56.3, 70.7, 173.4.

3-(methyl(phenyl)amino)propanoic acid (6)4 3-bromo-propanoic acid (10mmol), 

N-methylaniline (20mmol), NaOAc (20mmol) was refluxed for 5h in 30ml ethanol. 

Most of the ethanol was evaporated and the residue was poured into 100ml water and 

made pH=13 with NaOH. The aqueous solution was extracted with 5x30ml ether, then 

adjust to pH=5. After extraction with ether, the organic phase was concentrated and 
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recrystallized in boiling water to afford B2 as a white solid (0.70g, 39%). 1H NMR 

(300MHz, CDCl3):δ7.23-7.29 (m, 2H), 6.76-6.80 (m, 2H), 3.66 (t, 2H, J =7.1Hz), 2.94 

(s, 3H), 2.62 (t, 2H, J =7.1Hz); 13C NMR (75MHz, CDCl3): δ31.4, 38.6, 48.9, 113.5, 

117.9, 129.4, 148.3, 178.1.

3-(methoxy(methyl)amino)propanoic acid Hydrochloride (7.HCl) Ethyl acrylate

(10mmol), N,O-dimethylhydroxylamine hydrochloride (11mmol), 8ml of hunig’s base 

was refluxed in 8ml of CH3CN under Ar for 50h. After evaporation of the solvent, 

ether and aqueous NaOH ware added. The organic phase was washed with 3M HCl. 

The combined aqueous layer was made basic and extracted with ether. After 

evaporation of ether, the residue was heated in 2M NaOH at 60� for 4h. The aqueous 

solution was washed with ether, made neutral and evaporated to completely dryness. 

The residue was extracted by dry ethanol, After filtration of NaCl, ethanol was 

evaporated and acidified with HCl. Acetone was added to cause precipitation. The 

precipitate was filtered and dried under vacuum to afford 

3-(methoxy(methyl)amino)propanoic acid Hydrochloride as a white solid (0.31g, 

18%). 1H NMR (300MHz, D2O):δ3.86 (s, 3H), 3.65 (m, 2H), 3.14 (s, 3H), 2.88 (m, 

2H); 13C NMR (75MHz, D2O, acetone): δ28.4, 42.4, 54.2, 60.3, 174.0. Elemental 

analysis calcd for C5H12NO3Cl: C 35.39; H 7.08; N 8.26. Found: C 35.35; H 7.16; N 

8.17.

2-(dimethylamino)benzoic acid (8)5 Anthranilic acid (10mmol) in an aqueous 

alcohol was added (CH3)2SO4 (20mmol) dropwise and refluxed for 3h. 2g of NaOH in 

water was added and the mixture was refluxed for another 1h. Alclhol was evaporated 
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and water was added, then the solution was adjusted to pH=5-6. The precipitation was 

extracted by ether, the organic phase was dried over Na2SO4 and the residue was 

purified by column chromatography to afford B6 (0.66g, 40%). 1H NMR (300MHz, 

DMSO-d6):δ7.77 (d, 1H, J =7.7Hz), 7.38 (t, 1H, J =8.4Hz), 6.68 (d, 1H, J =8.7Hz), 

6.55 (t, 1H, J =7.5Hz), 3.37 (s, 6H); 13C NMR (75MHz, DMSO-d6): δ29.2, 110.1, 

110.8, 114.1, 131.8, 134.7, 151.9, 170.1.

2. Preparation of the Pd complexes: Pd(N, N-dimethyl-β-alaninate)2

(16), Pd(2-pyridylacetate)2 (17), Pd(quinoline-8-carboxylate)2 (18).

Pd(N, N-dimethyl-β-alaninate)2 (16) This complex and its single crystal is 

synthesized and characterized in our previous work.6 1H NMR (300MHz, CDCl3):δ

2.45 (t, 4H, J =6.0Hz), 2.55-2.57 (m, 16H); 13C NMR (75MHz, CDCl3): δ34.5, 48.9, 

60.1, 175.9.

Pd(2-pyridylacetate)2 (17) A mixture of 2 equiv. of sodium 2-pyridylacetate and 1

equiv. of K2PdCl4 was stirred in water at room temperature for 10 minutes. The 

precipitation was filtered and dried under vacuum to afford a yellow solid which has 

very poor solubility in the common solvents (56%). Elemental analysis calcd for

C14H12N2O4Pd: C 44.44; H 3.17; N 7.41 (O 16.93, Pd 28.04). Found: C 43.86; H 3.20; 

N 7.39. IR (cm-1): 767.4, 1312.0, 1487.7, 1639.7. 

Pd(quinoline-8-carboxylate)2 (18) A mixture of 2 equiv. of sodium 

quinoline-8-carboxylate and 1 equiv. of K2PdCl4 was stirred in water at room 

temperature for 10 minutes. The precipitation was filtered and dried under vacuum to 

afford a yellow solid which has very poor solubility in the common solvents (69%).
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Elemental analysis calcd for C20H12N2O4Pd: C 53.33; H 2.67; N 6.22 (O 14.22, Pd 

23.56). Found: C 52.93; H 2.67; N 6.16. IR (cm-1): 770.0, 903.4, 1302.3, 1330.0, 

1509.6, 1570.0, 1649.0..

3. Typical experimental procedure for the Heck reaction: A mixture of 

phenyl bromide (5mmol), styrene (7.5mmol), compound 18 (0.5x10-3mmol), K2CO3

(10mmol) in 10ml dry DMF was stirred under Ar at 130� for the desired time. After 

the mixture was washed by water, extracted by ether and evaporated, the residue was 

purified by flash column chromatography to afford the desired product. The analytical 

data of all the coupling products matches our previous work.1

4. Typical experimental procedure for the Suzuki reaction: A mixture of 

p-methylphenyl bromide (5mmol), phenyl boronic acid(7.5mmol), compound 18

(0.5x10-3mmol,), K3PO4 (10mmol) in methanol/H2O (7.5ml/7.5ml) was stirred at 50�

for the desired time. After the mixture was washed by water, extracted by ether and 

evaporated, the residue was purified by flash column chromatography to afford 

biphenyl the desired product. The analytical data of all the coupling products matches 

our previous work.6

5. Analytical data for the products of the Heck reaction

trans-stilbene1: 1H NMR (400MHz, CDCl3):δ7.11 (s, 2H), 7.24-7.28 (m, 2H), 7.35 (t, 
4H, J =7.5Hz), 7.52 (d, 4H, J =7.7Hz); 

trans-cinnamic acid n-butyl ester1: 1H NMR (400MHz, CDCl3):δ0.97 (t, 3H, J
=7.3Hz), 1.41-1.47 (m, 2H), 1.66-1.71 (m, 2H), 4.21 (t, 2H, J =6.7Hz), 6.44 (d, 1H, J
=16.0Hz), 7.37-7.39 (m, 3H), 7.51-7.54 (m, 2H), 7.68 (d, 1H, J =16.0Hz); 

4-nitro-trans-stilbene1: 1H NMR (400MHz, CDCl3):δ7.14 (d, 1H, J =16.0Hz), 7.27 (d, 
1H, J =16.0Hz), 7.33-7.42 (m, 3H), 7.55 (d, 2H, J =7.8Hz), 7.63 (d, 2H, J =8.8Hz) 
8.22 (d, 2H, J =8.8Hz); 
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4-nitro-trans-cinnamic acid n-butyl ester1: 1H NMR (400MHz, CDCl3):δ0.97 (t, 3H, 
J =7.4Hz), 1.42-1.49 (m, 2H), 1.67-1.74 (m, 2H), 4.24 (t, 2H, J =6.7Hz), 6.56 (d, 1H, J
=16.0Hz), 7.66-7.72 (m, 3H), 8.25 (d, 2H, J =8.8Hz);

4-methyl-trans-stilbene1: 1H NMR (400MHz, CDCl3):δ2.36 (s, 3H), 7.07 (s, 2H), 
7.17 (d, 2H, J =8.0Hz), 7.24-7.26 (m, 1H), 7.35 (t, 2H, J =7.5Hz), 7.41 (d, 2H, J
=8.1Hz) 7.51 (d, 2H, J =7.9Hz);

4-methyl-trans-cinnamic acid n-butyl ester1: 1H NMR (400MHz, CDCl3):δ0.96 (t, 
3H, J =7.4Hz), 1.41-1.48 (m, 2H), 1.65-1.72 (m, 2H), 4.20 (t, 2H, J =6.7Hz), 6.38 (d, 
1H, J =16.0Hz), 7.18 (d, 2H, J =8.0Hz), 7.42 (d, 2H, J =8.0Hz), 7.65 (d, 1H, J
=16.0Hz),

4-methoxy-trans-stilbene1: 1H NMR (400MHz, CDCl3):δ3.83 (s, 3H), 6.89 (d, 2H, J
=8.8Hz), 6.98 (d, 1H, J =16.5Hz), 7.08 (d, 1H, J =16.4Hz), 7.25 (t, 1H, J =7.0Hz) 7.34 
(t, 2H, J =7.5Hz) 7.44-7.50 (m, 4H); 

4-methoxy-trans-cinnamic acid n-butyl ester1: 1H NMR (400MHz, CDCl3):δ0.96 (t, 
3H, J =7.4Hz), 1.40-1.47 (m, 2H), 1.65-1.72 (m, 2H), 3.84 (s, 3H), 4.20 (t, 2H, J
=6.7Hz), 6.30 (d, 1H, J =16.0Hz), 6.90 (d, 2H, J =8.8Hz), 7.47 (d, 2H, J =8.8Hz), 7.63 
(d, 1H, J =16.0Hz),

4-formyl-trans-stilbene1: 1H NMR (400MHz, CDCl3):δ7.12 (d, 1H, J =16.2Hz), 7.25
(d, 1H, J =16.4Hz), 7.26-7.31 (m, 1H), 7.39 (t, 2H, J =5.0Hz), 7.54-7.56 (m, 2H), 7.65
(d, 2H, J =8.4Hz), 7.87 (d, 2H, J =8.4Hz), 10.00 (s, 1H); 

4-formyl-trans-cinnamic acid n-butyl ester1: 1H NMR (400MHz, CDCl3):δ0.97 (t, 
3H, J =7.4Hz), 1.41-1.47 (m, 2H), 1.67-1.74 (m, 2H), 4.23 (t, 2H, J =6.8Hz), 6.56 (d, 
1H, J =16.0Hz), 7.67-7.73 (m, 3H), 7.90 (d, 2H, J =8.4Hz), 10.03 (s, 1H); 

4-acetyl-trans-stilbene1: 1H NMR (400MHz, CDCl3):δ2.61 (s, 3H), 7.17 (d, 1H, J
=16.0Hz), 7.22 (d, 1H, J =16.0Hz), 7.25-7.40 (m, 3H), 7.55 (d, 2H, J =8.0Hz), 7.59 (d, 
2H, J =8.2Hz), 7.95 (d, 2H, J =8.2Hz); 

4-acetyl-trans-cinnamic acid n-butyl ester1: 1H NMR (400MHz, CDCl3):δ0.97 (t, 
3H, J =7.4Hz), 1.42-1.47 (m, 2H), 1.67-1.74 (m, 2H), 2.62 (s, 3H), 4.23 (t, 2H, J
=6.6Hz), 6.53 (d, 1H, J =16.0Hz), 7.61 (d, 2H, J =8.3Hz), 7.69 (d, 1H, J =16.0Hz), 
7.97 (d, 2H, J =8.3Hz); 

trans-stilbene-3-carbonitrile1: 1H NMR (400MHz, CDCl3):δ7.06 (d, 1H, J =16.4Hz), 
7.14 (d, 1H, J =16.4Hz), 7.31-7.54 (m, 7H), 7.70 (m, 1H), 7.78 (s, 1H); 

trans-3-(3-cyano-phenyl)-acrylic acid n-butyl ester1: 1H NMR (400MHz, CDCl3):δ



S7

0.97 (t, 3H, J =7.4Hz), 1.41-1.47 (m, 2H), 1.66-1.73 (m, 2H), 4.23 (t, 2H, J =6.8Hz), 
6.49 (d, 1H, J =16.0Hz), 7.53 (t, 1H, J =7.6Hz), 7.61-7.67 (m, 2H), 7.73-7.75 (m, 1H), 
7.79 (m, 1H);

trans-stilbene-4-carbonitrile1: 1H NMR (400MHz, CDCl3):δ7.10 (d, 1H, J =16.4Hz), 
7.20 (d, 1H, J =16.0Hz), 7.32-7.41 (m, 3H), 7.52-7.65 (m, 6H); 

trans-3-(4-cyano-phenyl)-acrylic acid n-butyl ester1: 1H NMR (400MHz, CDCl3):δ
0.97 (t, 3H, J =7.4Hz), 1.41-1.47 (m, 2H), 1.66-1.72 (m, 2H), 4.23 (t, 2H, J =6.8Hz), 
6.52 (d, 1H, J =16.0Hz), 7.60-7.69 (m, 5H); 

4-phenyl-trans-stilbene1: 1H NMR (400MHz, CDCl3):δ7.15 (s, 2H), 7.25 (m, 1H), 
7.35-7.45 (m, 5H), 7.52-7.63 (m, 8H); 

4-phenyl-trans-cinnamic acid n-butyl ester1: 1H NMR (400MHz, CDCl3):δ0.97 (t, 
3H, J =7.4Hz), 1.42-1.48 (m, 2H), 1.67-1.74 (m, 2H), 4.22 (t, 2H, J =6.8Hz), 6.47 (d, 
1H, J =16.0Hz), 7.37-7.38 (m, 1H), 7.43-7.47 (m, 2H), 7.59-7.62 (m, 6H), 7.72 (d, 1H, 
J =16.0Hz);

3-trifluormethyl-trans-stilbene1: 1H NMR (400MHz, CDCl3): δ 7.13 (d, 1H, J
=16.4Hz), 7.16 (d, 1H, J =16.4Hz), 7.30 (m, 1H), 7.36-7.40 (m, 2H), 7.46-7.54 (m, 
4H), 7.66 (m, 1H), 7.75 (s, 1H); 

3- trifluormethyl-trans-cinnamic acid n-butyl ester1: 1H NMR (400MHz, CDCl3):δ
0.97 (t, 3H, J =7.4Hz), 1.40-1.49 (m, 2H), 1.6-1.73 (m, 2H), 4.23 (t, 2H, J =6.7Hz), 
6.51 (d, 1H, J =16.0Hz), 7.52 (t, 1H, J =7.9Hz), 7.62 (d, 1H, J =7.7Hz), 7.69 (d, 1H, J
=16.0Hz), 7.70 (d, 1H, J =8.3Hz), 7.77 (s,1H);

3-trans-styryl-pyridine1: 1H NMR (400MHz, CDCl3):δ7.08 (d, 1H, J =16.4Hz), 7.18
(d, 1H, J =16.4Hz), 7.28-7.40 (m, 4H), 7.53 (m, 2H), 7.85 (d, 1H, J =8.0Hz), 8.49 (m, 
1H), 8.73 (s,1H); 

3-pyridin-3-yl-acrylic acid butyl ester1: 1H NMR (400MHz, CDCl3):δ0.97 (t, 3H, J
=7.4Hz), 1.42-1.47 (m, 2H), 1.67-1.72 (m, 2H), 4.23 (t, 2H, J =6.8Hz), 6.52 (d, 1H, J
=16.0Hz), 7.32-7.35 (m, 1H), 7.67 (d, 1H, J =16.4Hz); 7.84 (d, 1H, J =7.8Hz), 8.60 (m, 
1H), 8.76 (m, 1H); 

4-Methylbiphenyl6: 1H NMR (400MHz, CDCl3): δ 2.39 (s, 3H), 7.25 (d, 2H, J = 8.0
Hz), 7.33 (m, 1H), 7.42 (t, 2H, J = 7.6 Hz); 7.49 (d, 2H, J = 8.2 Hz), 7.57 (m, 2H). 

4-Methoxybiphenyl6: 1H NMR (400MHz, CDCl3): δ 3.85 (s, 3H), 6.97 (m, 2H), 7.30 
(m, 1H), 7.42 (t, 2H, J = 7.9 Hz); 7.54 (m, 4H). 

4-Acetylbiphenyl6: 1H NMR (400MHz, CDCl3): δ 2.64 (s, 3H), 7.42 (m, 1H), 7.47 (m, 
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2H), 7.63 (m, 2H), 7.68 (m, 2H), 8.03 (m, 2H).

4-Methoxy-4’-acetylbiphenyl6: 1H NMR (400MHz, CDCl3): δ 2.62 (s, 3H), 3.86 (s, 
3H), 7.00 (d, 2H, J = 8.7 Hz), 7.57 (d, 2H, J = 8.7 Hz), 7.64 (d, 2H, J = 8.5 Hz), 8.00 (d, 
2H, J = 8.4 Hz).

4-Methoxy-4’-nitrobiphenyl6: 1H NMR (400MHz, CDCl3): δ 3.87 (s, 3H), 7.01 (d, 
2H, J = 8.8 Hz); 7.58 (d, 2H, J = 8.8 Hz), 7.68 (d, 2H, J = 8.8 Hz), 8.26 (d, 2H, J = 8.8
Hz).

4-Nitrobiphenyl6: 1H NMR (400MHz, CDCl3): δ 7.44-7.50 (m, 3H); 7.61-7.63 (m, 
2H), 7.73 (d, 2H, J = 8.8 Hz), 8.29 (d, 2H, J = 8.8 Hz).

4-Cyanobiphenyl6: 1H NMR (400MHz, CDCl3): δ 7.42-7.48 (m, 3H), 7.60 (m, 2H), 
7.67-7.74 (m, 4H). 
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(C) Spectra

3-(dimethylamino)propanamide Hydrochloride (3.HCl)
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3-(dimethylamino)propanamide Hydrochloride (3.HCl)
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N-methylproline (5) 
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N-methylproline (5) 
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3-(methyl(phenyl)amino)propanoic acid (6) 
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3-(methyl(phenyl)amino)propanoic acid (6) 
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3-(methoxy(methyl)amino)propanoic acid Hydrochloride (7.HCl)
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3-(methoxy(methyl)amino)propanoic acid Hydrochloride (7.HCl)
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2-(dimethylamino)benzoic acid (8) 
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2-(dimethylamino)benzoic acid (8) 
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Pd(N, N-dimethyl-β-alaninate)2 (16)
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Pd(N, N-dimethyl-β-alaninate)2 (16)
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Pd(2-pyridylacetate)2 (17)
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Pd(quinoline-8-carboxylate)2 (18)
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trans-stilbene
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trans-cinnamic acid n-butyl ester
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4-nitro-trans-stilbene
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4-nitro-trans-cinnamic acid n-butyl ester
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4-methyl-trans-stilbene
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4-methyl-trans-cinnamic acid n-butyl ester
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4-methoxy-trans-stilbene
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4-methoxy-trans-cinnamic acid n-butyl ester
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4-formyl-trans-stilbene
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4-formyl-trans-cinnamic acid n-butyl ester
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4-acetyl-trans-stilbene
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4-acetyl-trans-cinnamic acid n-butyl ester
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trans-stilbene-3-carbonitrile
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trans-3-(3-cyano-phenyl)-acrylic acid n-butyl ester
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trans-stilbene-4-carbonitrile
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trans-3-(4-cyano-phenyl)-acrylic acid n-butyl ester
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4-phenyl-trans-stilbene
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4-phenyl-trans-cinnamic acid n-butyl ester
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3-trifluormethyl-trans-stilbene
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3- trifluormethyl-trans-cinnamic acid n-butyl ester
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3-trans-styryl-pyridine
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3-pyridin-3-yl-acrylic acid butyl ester
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4-Methylbiphenyl
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4-Methoxybiphenyl
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4-Acetylbiphenyl
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4-Methoxy-4’-acetylbiphenyl
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4-Methoxy-4’-nitrobiphenyl
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4-Nitrobiphenyl
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4-Cyanobiphenyl


