
1 

 

Phosphine-Free Palladium Catalyzed Heck reaction with using natural compounds 

 

Stanisława Tarnowicz-Ligus, Anna M. Trzeciak* 

Table of Contents 

1 General Remarks S2 

2 Control experiments and date of products S2-S22 

 

General Remarks: Products have been characterized by the GC-MS (HP II 5890 + Mass Selective Detector HP 

5971A) and by 
1
H NMR and 

13
C NMR. NMR spectra have been measured for the post-reaction mixtures. Unless 

noted, 
1
H NMR spectra were recorded on Bruker 500 MHz in CDCl3, 

13
C NMR spectra were recorded on 125 

MHz in CDCl3.  

 

Control experiment 1: 

 

 

 

 

 

 

 

 

 

 

OH

O

  
1E/1Z (2-methoxy-4-(3-phenyl-2-propen-1-yl)-phenol)  

(1E/1Z) MS: m/z (%) = 91 (30), 115 (37), 131 (16), 165 (12), 179 (17), 207 (23), 240 (100) [M
+
] 

1
H–NMR (500 MHz, CDCl3): δ = 7.37–7.33 (m, 2,6H, HAr), 7.31–7.27 (m, 2,4H, HAr), 6.91 (d, J = 12.4Hz, 3H, 

HAr), 6.42 (d, J = 15.8Hz, 1H, CH), 6.28–6.22 (m, 1H, CH), 3.86 (s, 3H, CH3), 3.56 (d, J = 7.1Hz, 2H,CH2) ppm. 
13

C–NMR (125 MHz, CDCl3): δ = 146.82, 145.28, 140.50, 130.89, 130.12, 128.75, 128.54, 126.97, 126.20, 

119.82, 114.59, 108.27, 55.90, 39.36 ppm. 

 
Figure

 
S1. Mass spectrum of (2-methoxy-4-(3-phenyl-2-propen-1-yl)-phenol) (1E) and (1Z). 
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Figure S2. 

1
H and 

13
C NMR spectra of (2-methoxy-4-(3-phenyl-2-propen-1-yl)-phenol) (1E). 

Reaction conditions (method A): PhI (1 mmol), eugenol (1 mmol), K2CO3 (2 mmol), Pd(OAc)2 (1×10
-5

mol), 

DMF:H2O (4:1), 3h, 100
o
C 

 

OH

O

  
1b (2-methoxy-4-(2-phenylprop-2-en-1-yl)-phenol) 

MS: m/z (%) = 77 (24), 103 (24), 137 (100), 225 (17), 240 (85) [M
+
] 
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Figure S3. Mass spectrum of 1b (2-methoxy-4-(2-phenylprop-2-en-1-yl)-phenol) (1b). 

 

O  
2E/2Z (1-Phenyl-3-(4-methoxyphenyl)-1-propene) 

MS: m/z (%) = 77 (21), 91 (25), 115 (61), 121 (31), 165 (14), 178 (14), 193 (27), 209 (21), 224 (100) [M
+
] [1] 

1
H–NMR (500 MHz, CDCl3): δ = 7.49–7.32 (m, 12H, HAr), 7. 29 (d, J = 8.8, 2H, HAr),  6.99 (d, 8.8 Hz, 2H, HAr), 

6.96 (d, 8.8 Hz, 2H, HAr), 6.55 (m, 2H, CH, CH), 6.47 (td, J = 15.6, 6.7 Hz, 1H, CH), 6.35 (td, J = 15.6, 6.7 Hz, 

1H, CH), 3.89 (s, 3H, OCH3), 3.88 (s, 3H, OCH3), 3.65 (d, J = 6.9, 2H, CH2), 3.62 (d, J = 6.7, 2H, CH2) ppm [2]. 
 

2E ((E)-1-Phenyl-3-(4-methoxyphenyl)-1-propene) 
13

C–NMR (125 MHz, CDCl3): δ = 158.29, 137.73, 130.93, 130.65, 130.03, 129.78, 128.67, 127.42, 126.30, 

113.95, 55.36, 38.62 ppm [2]. 

 

2Z ((Z)- 1-Phenyl-3-(4-methoxyphenyl)-1-propene) 
13

C–NMR (125 MHz, CDCl3): δ = 159.06, 140.63, 132.32, 130.49, 129.85, 128.84, 128.64, 127.22, 127.20, 

114.11, 55.28, 39.51 ppm. 
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Figure S4. Mass spectrum of 1-Phenyl-3-(4-methoxyphenyl)-1-propene (2E) and (2Z). 
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Figure S5. 

1
H and 

13
C NMR spectra of 1-Phenyl-3-(4-methoxyphenyl)-1-propene (2E). 

Reaction conditions (method A): PhI (1 mmol), estragole (1 mmol), K2CO3 (2 mmol), Pd(OAc)2 (1×10
-5

mol), 

DMF (5cm
3
), 3h, 100

o
C 

 

O

 
2b (1-methoxy-4-(2-phenyl-2-propen-1-yl)-benzene) 

MS: m/z (%) = 77 (23), 103 (13), 121 (100), 193 (10), 209 (10), 224 (45) [M
+
] 
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Figure S6. Mass spectrum of (1-methoxy-4-(2-phenyl-2-propen-1-yl)-benzene) (2b). 
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O
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3                                    4                           5                            6 (E/Z)

H

O H

O

 

H

O

 
3 (3,3-diphenylpropanal) 

MS: m/z (%) = 77 (20), 105 (23), 167 (100), 192 (20), 210 (56) [M
+
] [3]. 

1
H–NMR (500 MHz, CDCl3): δ = 9.74 (t, J = 1.91, 1H, CHO), 7.25–7.17 (m, 10H, HAr), 4.63 (t, J = 7.82 Hz, 

1H, CH), 3.17 (dd, J = 7.82, 1.91 Hz, 2H, CH2) ppm [3,5]. 
13

C–NMR (125 MHz, CDCl3): δ = 198.33, 142.20, 128.26, 127.24, 126.42, 46.95, 42.91 [3]. 

 

 
Figure S7. Mass spectrum of 3,3-diphenylpropanal (3). 
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Figure S8. 

1
H and 

13
C NMR spectra of 3,3-diphenylpropanal (3). 

Reaction conditions (method C): PhI (1 mmol), cinnamyl alcohol (1 mmol), K2HPO4 (2 mmol), Pd(OAc)2  

(1×10
-5

mol), DMF, 6h, 100
o
C 

H

O

 
4 (2,3-diphenylpropanal) 

MS: m/z (%) = 77 (12), 91 (100), 103 (9), 165 (9), 181 (18), 210 (32) [M
+
] [4] 
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1
H–NMR (500 MHz, CDCl3): δ = 9.76 (d, J = 1.53, 1H, CHO), 7.31–7.26 (m, 10H, HAr), 3.85 (t, J = 6.68 Hz, 

1H, CH), 3.48 (dd, J = 13.44, 6.68 Hz, 1H, CH2), 2.98 (dd, J = 14.11, 7.82 Hz, 1H, CH2) [5] ppm. 
13

C–NMR (125 MHz, CDCl3): δ = 199.24, 135.47, 128.67, 126.96, 126.63, 125.85, 125.79, 125.26, 124.29, 

33.83, 28.68 

 

 
Figure S9. Mass spectrum of 2,3-diphenylpropanal (4). 
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Figure S10. 

1
H and 

13
C NMR spectra of 2,3-diphenylpropanal (4). 

H

O

 
5 (3,3-diphenylprop-2-enal) 

MS: m/z (%) = 77 (18), 89 (14), 102 (44), 152 (12), 165 (15), 178 (50), 207 (100), 208 (73) [M
+
] [6] 

 
Figure S11. Mass spectrum of 3,3-diphenylprop-2-enal (5). 

H

O

 
6 ((2E)-2,3-diphenylprop-2-enal) 

MS: m/z (%) = 77 (18), 89 (18), 102 (44), 152 (20), 165 (26), 178 (79), 207 (56), 208 (100) [M
+
] [4] 
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Figure S12. Mass spectrum of (2E)-2,3-diphenylprop-2-enal (6). 

 

Control experiment 3: 

OH +

B(OH)2

+ +
H

O

+
H

O[Pd]

 Cu2+, DMF

       3                            4                              7                            

OH

 
OH

 
7 (2,3-diphenyl-2-propen-1-ol) 

MS: m/z (%) = 77 (18), 91 (54), 105 (100), 165 (114), 178 (25), 210 (46). 
1
H–NMR (500 MHz, CDCl3): δ = 7.45–7.42 (m, 5H, HAr), 7.33–7.10 (m, 5H, HAr), 7.02 (s, 1H, CH), 4.73 (s, 2H, 

CH2), 1.86 (s, 1H, OH) ppm. 
13

C–NMR (125 MHz, CDCl3): δ = 140.59, 138.71, 136.86, 128.89, 128.58, 128.32, 127.62, 127.29, 126.54, 

126.23, 68.30 ppm. 

 

 
Figure S13. Mass spectrum of 2,3-diphenyl-2-propen-1-ol (7). 
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Figure S14. 

1
H and 

13
C NMR spectra of 2,3-diphenyl-2-propen-1-ol (7). 
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OH
+

I

[Pd]

base

OH

+
OH

8                                              9
 

OH

  
8 ((1E)-3,7-dimethyl-1-phenylocta-1,6-dien-3-ol) 

MS: m/z (%)  =  43 (81), 69 (24), 77 (15), 91 (20), 105 (11), 129 (46), 147 (100), 172 (46), 197 (4), 230 (2) [M
+
] 

1
H–NMR (500 MHz, CDCl3): δ = 7.40 (d, J = 7.82 Hz, 2H, HAr), 7.32 (t, J = 7.44 Hz, 2H, HAr), 7.24 (t, J = 7.44 

Hz, 1H, HAr), 6.61 (d, J = 16.21 Hz, 1H, CH), 6.29 (d, J = 16.02 Hz, 1H, CH), 5.09 (t, J = 7.25, 1H, CH), 5.16 (t, 

J = 7.15 Hz, 1H, CH), 2.17–2.03 (m, 2H, CH2), 1.81 (s, 1H, OH), 1.70 (s, 3H, CH3), 1.68–1.66 (m, 2H, CH2), 

1.61 (s, 3H, CH3), 1.40 (s, 3H, CH3) ppm. 
13

C–NMR (125 MHz, CDCl3): δ = 137.05, 136.61, 123.02, 128.50, 127.26, 127.09, 126.33, 124.30, 73.43, 42.51, 

28.24, 25.66, 22.93, 17.70. 

 
Figure S15. Mass spectrum of (1E)-3,7-dimethyl-1-phenylocta-1,6-dien-3-ol) (8). 
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Figure S16. 

1
H and 

13
C NMR spectra of (1E)-3,7-dimethyl-1-phenylocta-1,6-dien-3-ol) (8). 

Reaction conditions (method C): PhI (1 mmol), linalool (1 mmol), Et3N (2 mmol), Pd(OAc)2 

(1×10
-5

mol), DMF, 5h, 100
o
C 

 

OH
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9 (3,7-dimethyl-2-phenylocta-1,6-dien-3-ol) 

MS: m/z (%) = 43 (33), 77 (6), 91 (8), 105 (5), 129 (24), 147 (100), 172 (6), 212 (5), 230 (2) [M
+
] 

 
Figure S17. Mass spectrum of (3,7-dimethyl-2-phenylocta-1,6-dien-3-ol) (9). 

 

GC examples (preparation of samples for GC was described in the Experimental part)   
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4.708 eugenol 

4.894 biphenyl 

8.059 1b 

8.721 1Z 

8.843 1E 

 

Figure S18. GC profile for the Heck reaction of PhI with eugenol. 

Reaction conditions (method A): PhI (1 mmol), eugenol (1 mmol), K2CO3 (2 mmol), Pd(OAc)2 (1×10
-5

mol), 

DMF, 1h, 100
o
C 

 
Peak 

[min] 
Compound 

1.543 DMF 

2.236 mesitylene 

4.595 eugenol 

4.773 biphenyl 

7.294 1b 

8.638 1Z 

8.709 1E 

 

Figure S19. GC profile for the Heck-type reaction of eugenol with PhB(OH)2. 

Reaction conditions (method B): eugenol (1 mmol), phenylboronic acid (1.5 mmol), Cu
2+

 salt
 
(2 mmol), 

Pd(OAc)2 (1×10
-6 

mol), DMF (5 cm
3
), 6h, 100

o
C 
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Peak 

[min] 
Coumpound 

1.624 DMF 

2.327 mesitylene 

2.763 PhI 

3.693 estragole 

7.424 2b 

8.091 2Z 

8.167 2E 

 

Figure S20. GC profile for the Heck reaction of PhI with estragole. 

Reaction conditions (method A): PhI (1 mmol), estragole (1 mmol), K2CO3 (2 mmol), Pd(OAc)2 (1×10
-5

mol), 

DMF (5 cm
3
), 3h, 100

o
C 
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Peak 

[min] 
Compound 

1.577 DMF 

2.264 mesitylene 

3.623 estragole 

7.339 2b 

7.960 2Z 

8.012 2E 

 

Figure S21. GC profile for the Heck-type reaction of estragole with PhB(OH)2. 

Reaction conditions (method B): estragole (1 mmol), phenylboronic acid (1.5 mmol),  Cu
2+

 salt
 
(2 mmol), 

PdCl2cod (1×10
-5 

mol), DMF (5 cm
3
), 4h, 100

o
C 
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Peak 

[min] 
Compound 

1.679 DMF 

2.419 mesitylene 

2.868 PhI 

5.015 biphenyl 

6.940 3 

7.159 4 

7.411 6 

7.671 5 

 

Figure S22. GC profile for the Heck reaction of cinnamyl alcohol with PhI. 

Reaction conditions (method C): PhI (1 mmol), cinnamyl alcohol (1 mmol), NaOAc (2 mmol), PdCl2cod (1×10
-5 

mol), DMF (5 cm
3
), TBAB (1g), 6h, 100 °C 
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Peak 

[min] 
Compound 

1.528 DMF 

2.225 mesitylene 

4.272 cinnamyl alcohol 

4.760 biphenyl 

6.674 4 

6.870 3 

7.784 7 

 

Figure S23. GC profile for the Heck-type reaction of cinnamyl alcohol with PhB(OH)2. 

Reaction conditions (method B): cinnamyl alcohol (1 mmol), phenylboronic acid (1.5 mmol),  Cu
2+

 salt
 
(2 

mmol), Pd2dba3 (1×10
-5 

mol), DMF (5 cm
3
), 0.5h, 50

o
C 
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Peak 

[min] 
Compound 

1.670 DMF 

2.424 mesitylene 

3.143 linalool 

3.336 linalool 

5.115 biphenyl 

6.897 9 

7.054 8 

7.347 8 

 

Figure S24. GC profile for the Heck reaction of linalool with PhI. 

Reaction conditions (method C): PhI (1 mmol), linalool (1 mmol), NaOAc (2 mmol), PdCl2cod (1×10
-5

 mol), 

DMF (5 cm
3
), 3h, 140

o
C 
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