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General syntheses 

General: All reagents were used as purchased from commercial suppliers 

without further purification. Petroleum ether, n-pentane and ethyl acetate for 

column chromatography were distilled before usage. Brine refers to a saturated 

solution of NaCl in deionized water. Microwave reactions were performed in a 

CEM Discover system (SN: DU8708), equipped with an CEM Intelligent explorer 

(SN: NX2069). Flash column chromatography was performed on silica gel 60, 

particle size 40– –240 mesh). Absorbance measurements were 

conducted using an UV-160 spectrophotometer. 1H and 13C-NMR spectra were 

recorded on an Advance/DRX 600 nuclear magnetic resonance spectrometer 

(Bruker) at ambient temperature in CDCl3 or DMSO-d6 at 600 and 151 MHz, 

respectively. The chemical shifts are given in ppm relative to the solvent signal 

[1 3) = 7.26 ppm], [13
3) = 77.2 ppm], [1 DMSO-d6) = 

2.50 ppm], [13 -d6) = 39.5 ppm], [1 -d6) = 2.05], [13

(Acetone-d6) = 29.8 ppm]. NMR signals were assigned by means of H-COSY-, 

HSQC- and HMBC-experiments and coupling constants J are given in Hz. Chiral 

HPLC measurements were performed on a Dionex system equipped with a 

pump with a gradient mixer and devolatilizer included a WPS-3000TSL 

autosampler and a DAD-3000 UV-detector. Chiralpak IA column (250 mm×4.6 

mm, Daicel) and a mixture of n-heptane/2-propanol (70:30) as solvent was used 

applying a flow rate of 0.5 mL/min 1 at r.t. Samples were dissolved in degassed 

n-heptane: 2-propanol 2:1.  
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Synthesis of reference alcohols 

 

 

 

 

 

 

 

 

 

 

Method A 

R1

R2

R3

OH

O

R1

R2

R3

O

O

R1

R2

R3

OH

Fischer-
esterification reduction

R1
 = H, OH, OMe

R2
 = OH, OMe

R3
 = H, OMe, Br

 

Fischer esterification 

The acid (1 mmol) was solved in 2.7 mL of ethanol inside a microwave reaction 

tube. One drop of conc. sulfuric acid was added. The solution was then heated 

to 95 °C using a microwave for 30-90 min. The reaction was monitored using 

TLC (thin layer chromatography). After complete conversion the solution was 

diluted with ethyl acetate and then washed with water, followed by washing with 

brine. The organic phase was dried with MgSO4, filtered and concentrated to 
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give the crude product. If necessary, the product was purified using column 

chromatography (petroleum ether:ethyl acetate). 

TBS-Protection of ethyl (E)-3-(3,4-dihydroxyphenyl)acrylate (24) 

The ethyl (E)-3-(3,4-dihydroxyphenyl)acrylate (24) (1.1 mmol) was solved in 

7 mL dichloromethane. tert-Butyldimethylchlorosilane (2.5 eq., TBS-Cl) and 

N,N-ethyldiisopropylamine (3.5 eq.) were added to the stirring solution. The 

solution was stirred for 22 h. After complete conversion, observed by TLC, 3 mL 

of dichloromethane were added. The resulting solution was added to 5 mL of 

water. The two-phase system was washed with 10 mL brine. After phase 

separation the organic phase was dried with MgSO4, filtered and concentrated 

to give pure product.[1] 
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Ester reduction using DiBAl-H 

Diisobutylaluminium hydride (DiBAl-H, 2.5 eq., 1 additional equivalent was 

added per hydroxyl group) solution (1 M in dichloromethane) was diluted with 

2.3 mL tetrahydrofuran. The solution was stirred and cooled to -20 °C. The ester 

(3 mmol) was solved in 2.3 mL tetrahydrofuran and added dropwise over 30 

min. The reaction was stirred for 1 h at -20 °C and monitored using TLC. After 

complete conversion, the excess DiBAl-H was quenched using ethyl acetate at 

0 °C. Half-saturated NaK-tartrate solution was added. After phase separation, 

the aqueous layer was extracted with ethyl acetate. The combined organic 

layers were washed with brine, dried with MgSO4 and subsequently filtered. 

Pure product could be isolated after removal of the solvent under reduced 

pressure.[2] 

Deprotection of (E)-3-(3,4-bis((tert-butyldimethylsilyl)oxy)phenyl)-prop-2-

en-1-ol 

 (E)-3-(3,4-bis((tert-butyldimethylsilyl)oxy)phenyl)-prop-2-en-1-ol (0.5 mmol) 

was solved in 30 mL tetrahydrofuran and 1.1 mL acetic acid. The solution was 

cooled to 0 °C and tetra-butylammonium fluoride solution (2.5 eq., 1 mol/L in 

tetrahydrofuran) was added. Afterwards the reaction was stirred for 2 h at 0 °C. 

After completion the volume was reduced to 50%, which resulted in precipitation 

of a yellow solid. This solid was collected and washed with chloroform, until the 

yellow colour disappeared. Pure (E)-3-(3,4-dihydroxy)phenyl)-prop-2-en-1-ol (7) 

could be isolated after drying.[3] 

(E)-3-(4-Hydroxy)phenyl)-prop-2-en-1-ol (p-coumaryl alcohol) (5) 

HO

OH
1

2
3

4
5

6

7

8

9

 

Yield: 35% 
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1H-NMR (CDCl3 -4.20 (m, 2 H, 9-H); 6.20 (dt, 3J8,7 = 

15.8 Hz, 3J8,9 = 5.6 Hz, 1 H, 8-H); 6.51 (d, 3J7,8 = 15.9 Hz, 1 H, 7-H); 6.79 (d, 

3J3/5,2/6 = 8.2 Hz,  2 H, 3-H and 5-H); 7.27 (d, 3J2/6,3/5 = 8.2 Hz, 2 H, 2-H and 6-H) 

13C-NMR (CDCl3 -9); 115.3 (s, C-3 and C-5); 127.0 

(s, C-8); 127.5 (s, C-2 and C-6); 128.9 (s, C-1); 129.2 (s, C-7); 156.9 (s, C-4) 

(E)-3-(3,4-Dihydroxy)phenyl)-prop-2-en-1-ol (caffeoyl alcohol) (7) 

HO

HO

OH
1

2

3

4
5

6

7

8

9

 

Yield: 43% 

1H-NMR (CDCl3  4.04 (dd, 3J9,9-OH = 5.4 Hz, 4J9,7 = 1.7 Hz, 2 

H, 9-H); 4.73 (d, 3J9-OH,9 = 5.5 Hz, 1 H, 9-OH); 6.03 (dt, 3J7,8 = 15.9 Hz, 3J9,8 = 5.5 

Hz, 1 H, 8-H); 6.03 (d, 3J7,8 = 15.8 Hz, 1 H, 7-H); 6.67-6.64 (m, 2 H, 6-H and 5-

H); 6.80 (d, 3J2,6 = 1.4 Hz, 1 H, 2-H); 8.85 (s, 1 H, 3-OH); 8.92 (s, 1 H, 4-OH) 

13C-NMR (CDCl3 -9); 113.0 (s, C-2); 115.6 (s, C-

5); 117.9 (s, C-6); 127.0 (s, C-8); 128.4 (s, C-1); 129.0 (s, C-7); 145.0 (s, C-4); 

145.3 (s, C-3) 

(E)-3-(4-Hydroxy-3-methoxy)phenyl)-prop-2-en-1-ol (Coniferyl alcohol) (8) 

O

HO

OH
1

2

3

4
5

6

7

8

9
10

 

Yield: 90% 

1H-NMR (CDCl3 -OH); 3.87 (s, 3 H, 10-H); 

4.19 (dd, 3J9,8 = 5.9 Hz, 4J9,7 = 1.7 Hz, 2 H, 9-H); 5.63 (s, 1 H, 4-OH); 6.23 (dt, 

3J8,7 = 15.8 Hz, 3J8,9 = 6.0 Hz, 1 H, 8-H); 6.54 (dt, 3J7,8 = 15.8 Hz, 4J7,9 =1.6 Hz, 
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1 H, 7-H); 6.77 (d, 3J5,6 = 8.1 Hz, 1 H, 5-H); 6.86 (dd, 3J6,5 = 8.1 Hz, 4J6,2 = 2.0 

Hz, 1 H, 6-H); 7.06 (d, 4J2,6 = 2.0 Hz, 1 H, 2-H) 

13C-NMR (CDCl3 -10); 63.9 (s, C-9); 108.5 (s, C-

2); 114.6 (s, C-5); 120.4 (s, C-6); 126.3 (s, C-8); 129.3 (s, C-1); 131.5 (s, C-7); 

145.7 (s, C-3 or C-4); 146.77 (s, C-4 or C-3) 

(E)-3-(3,4,5-Trimethoxy)phenyl)-prop-2-en-1-ol(3,4,5-trimethoxycinnamoyl 

alcohol) (17) 

O

O

O

OH
1

2

3

4 5
6

7

8

9
10

1112
 

Yield: 46% 

1H-NMR (CDCl3 -H); 3.87 (s, 6 H, 10-H and 

11-H); 4.32 (m, 2 H, 9-H); 6.29 (dt, 3J8,7 = 15.8 Hz, 3J8,9 = 7.1 Hz, 1 H, 8-H); 6.54 

(d, 3J7,8 = 15.8 Hz, 1 H, 7-H); 6.61 (s, 2 H, 2-H and 6-H) 

13C-NMR (CDCl3 -10 and C-11); 61.1 (s, C-9); 63.8 

(s, C-12); 103.7 (s, C-2 and C-6); 128.2 (s, C-8); 131.3 (s, C-7); 132.6 (s, C-1); 

138.0 (s, C-4); 153.4 (s, C-3 and C-5) 

(E)-3-(5-Bromo-4-hydroxy-3-methoxy)phenyl)-prop-2-en-1-ol (5-bromo-

coniferyl alcohol) (19) 

O

HO

Br

OH
1

2

3

4 5
6

7

8

9
10

 

Yield: 80% 

1H-NMR (CDCl3  3.92 (s, 3 H, 10-H); 4.31 (d, 3J9,8 = 5.7 Hz, 2 H, 9-

H); 5.30 (s, 1 H, 9-OH); 5.92 (s, 1 H, 4-OH); 6.23 (dt, 3J8,7 = 15.8 Hz, 3J8,9 = 5.8 Hz, 1 
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Method B 

R2

R3

R4

R1

R3

R4

O

O

O
R2

R1

HWE 
reaction

R2

R3

R4

R1

OHreduction

R1
 = H, NO

2

R2
 = OMe

R3
 = OAc, OPiv

R4
 = H, OPiv, OMe

 

 

Protection of phenols with acetic anhydride 

The aldehyde (6 mmol) together with 0.2 eq. dimethylaminopyridine was solved 

in 6.4 mL of dichloromethane. Triethylamine (3 eq. per hydroxyl group) and 

acetic anhydride (1.2 eq. per hydroxyl group) were added to the stirred solution. 

The reaction was stirred for 1 h at 0 °C, followed by 4 h at 24 °C. After completion 

the reaction was quenched using water. The phases were then separated and 

the organic phase was washed with saturated NaHCO3-Solution. Water was 

removed by washing with brine and through MgSO4 addition. Following filtration, 

the solvent was removed and pure product could be isolated.[4] 

HWE reaction 

Triethyl phosphonoacetate (1.7 eq.) was solved in 1.6 mL tetrahydrofuran and 

the solution cooled to 0 °C. NaH (1.7 eq., 60% suspension in mineral oil) were 

added in multiple (four-ten) batches. The protected aldehyde (1 mmol) was 

solved in 1.7 mL tetrahydrofuran and added dropwise to the stirred solution. 

Conversion was monitored using NMR. The reaction was quenched with 1 mol/L 

HCl. After phase separation the product was extracted from the aqueous phase 

three times with ethyl acetate. The combined organic layers were dried with 

MgSO4 and filtered. The crude product after removal of the solvent was either 
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directly used for the reduction or purified by column chromatography when 

necessary.[5] 

Reduction using DiBAl-H 

DiBAl-H solution (5.5 eq., 1 M in dichloromethane) was diluted with 8.1 mL 

tetrahydrofuran. The solution was stirred and cooled to -20 °C. The ester (3 

mmol) was solved in 2.3 mL tetrahydrofuran and added dropwise over 30 min. 

The reaction was stirred for 1 h at -20 °C and monitored using TLC. After 

complete conversion the excess DiBAl-H was converted using ethyl acetate. 

The resulting yellow solid was treated with 2 mol/L HCl. The product was 

extracted from the aqueous layer with diethylether (three times). The combined 

organic layers were washed with saturated NaCl-solution, dried with MgSO4, 

filtered and the solvent removed under reduced pressure. The crude product 

was purified using column chromatography.[2] 
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Reduction using LiAlH4 

LiAlH4 (4 eq.) was added to 10.4 mL diethyl ether and stirred at -30 °C. The (E)-

5-(3-ethoxy-3-oxoprop-1-en-1-yl)-3-methoxy-1,2-phenylene bis(2,2-dimethyl-

propanoate) (1 mmol) in 7.8 mL diethyl ether was added dropwise over 30 min 

to the solution. The reaction was stirred at -20 °C for 2 h, while being monitored 

using TLC. After complete consumption of the ester remaining hydride was 

quenched with ethyl acetate at 0 °C. 2 mol/L HCl was added until the yellow 

residue was dissolved. The product 14 was extracted from the aqueous phase 

with diethyl ether (three times). The combined organic layers were washed with 

brine, dried with MgSO4 and the solvent removed under reduced pressure. The 

product was immediately purified using column chromatography (n-

pentane:ethyl acetate 60:40). The pure (E)-3-(3,4-dihydroxy-5-

methoxy)phenyl)-prop-2-en-1-ol (14) was stored under argon at -20 °C. 

(E)-3-(3,4-Dihydroxy-5-methoxy)phenyl)-prop-2-en-1-ol (5-hydroxyconi-

feryl alcohol) (14) 

O

HO

OH

OH
1

2

3

4 5
6

7

8

9
10

 

Yield: 33% 

1H-NMR (CDCl3 [ppm]: 3.84 (s, 3 H, 10-H); 4.21 (d, 3J9,8 = 4.8 Hz, 2 H, 9-

H); 6.21 (dt, 3J8,7 = 15.7 Hz, 3J8,9 = 5.2 Hz, 1 H, 8-H); 6.45 (d, 3J7,8 = 15.9 Hz, 1 H, 7-

H); 6.60 (d, 4J2,6 = 2.3 Hz, 1 H, 2-H); 6.62 (d, 4J6,2 = 2.3 Hz, 1 H, 6-H) 

13C-NMR (CDCl3 [ppm]: 31.8 (s, C-9); 55.5 (s, C-10); 101.6 (s, C-

6); 107.1 (s, C-2); 127.4 (s, C-8); 129.8 (s, C-7); 133.6 (s, C-1); 145.4 (s, C-3); 

147.9 (s, C-4 or C-5); 148.1 (s, C-5 or C-4) 
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(E)-3-(4-Hydroxy-3,5-dimethoxy)phenyl)-prop-2-en-1-ol (sinapyl alcohol) 

(15) 

HO

O

O

OH
1

2

3

4 5
6

7

8

9
10

11
 

Yield: 71% 

1H-NMR (CDCl3  3.90 (s, 6 H, 10-H and 11-H); 4.29-4.32 (m, 2 H, 

9-H); 5.56 (s, 1 H, 4-OH); 6.24 (dt, 3J8,7 = 15.8 Hz, 3J8,9 = 5.9 Hz, 1 H, 8-H); 6.52 (dt, 

3J7,8 = 15.9 Hz, 4J8,2/6 = 1.5 Hz, 1 H, 7-H); 6.63 (s, 2 H, 2-H and 6-H) 

13C-NMR (CDCl3 -10 and C-11); 63.9 (s, C-9); 

103.5 (s, C-2 and C-6); 126.7 (s, C-1); 128.4 (s, C-8); 131.6 (s, C-7); 134.9 (s, 

C-4); 147.3 (s, C-3 and C-5) 

(E)-3-(4-Hydroxy-3-methoxy-2-nitro)phenyl)-prop-2-en-1-ol (2-nitroconi-

feryl alcohol) (23) 

HO

O

NO2

OH
12

3

4 5
6

7

8

9
10

 

Yield: 39% 

1H-NMR (DMSO-d6 -H); 4.06-4.09 (m, 2 H, 9-H); 

4.94 (t, 3J9-OH,8 = 5.4 Hz, 1 H, 9-OH); 6.20 (dt, 3J7,8 = 15.7 Hz, 4J7,9 = 2.0 Hz, 1 H, 7-H); 

6.35 (dt, 3J8,7 = 15.7 Hz, 3J8,9 = 4.5 Hz, 1 H, 8-H); 7.03 (d, 3J6,5 = 8.7 Hz, 1 H, 6-H); 7.33 

(d, 3J5,6 = 8.7 Hz, 1 H, 5-H) 
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combined organic layers were dried with MgSO4 and filtered. The crude product 

after removal of the solvent was either directly used for the reduction or purified 

by column chromatography when necessary.[5] 

Ester cleavage 

The 3 ethyl (E)-3-(4-hydroxy-3-methoxy-2-nitrophenyl)acrylate (13 mmol) was 

solved in 1.5 mL ethanol. The solution was added dropwise to 20 mL 2.5 mol/L 

NaOH-solution. The reaction was stirred for 20 min at 24 °C and monitored with 

TLC. After complete conversion the reaction mixture was diluted with water, 

cooled to 0 °C and acidified with cold HCl. 2-Nitroferulic acid ((E)-3-(4-hydroxy-

3-methoxy-2-nitrophenyl)acrylic acid) (20) was collected as a white precipitate 

after filtration. 

(E)-3-(4-Hydroxy-3-methoxy-2-nitrophenyl)acrylic acid (2-nitroferulic acid) 

(20) 

HO

O

NO2

OH
12

3

4 5
6

7

8
9

10 O

 

Yield: 38% 

1H-NMR (DMSO-d6 3.84 (s, 3 H, 10-H); 6.47 (dd, 3J7,8 = 15.7 

Hz, 4J7,6 = 1.8 Hz, 1 H, 7-H); 7.09 (dd, 3J5,6 = 8.8 Hz, 4J5,4-OH = 1.7 Hz, 1 H, 5-H); 

7.13 (d, 3J8,7 = 15.7 Hz, 1 H, 8-H); 7.63 (dd, 3J6,5 = 8.8 Hz, 4J6,7 = 1.8 Hz,, 1 H, 6-

H) 

13C-NMR (DMSO-d6  61.4 (s, C-10); 116.5 (s, C-1); 119.1 (s, 

C-6); 121.1 (s, C-7); 123.2 (s, C-5); 134.9 (s, C-8); 138.6 (s, C-3); 145.7 (s, C-

2); 153.0 (s, C-4); 166.9 (s, C-9) 
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Synthesis of Naphthalene Derivative 

Demethylation 

The (E)-3-(4-methoxynaphthalen-1-yl)acrylic acid (4.4 mmol) were solved in 

11.5 mL dichloromethane. BBr3-solution (3. 5 eq., 1 mol/L in dichloromethane) 

was added dropwise. The reaction was stirred for 20 h, while being monitored 

with TLC. After quenching with water the solution was diluted with ethyl acetate 

and water. The product was extracted from the aqueous layer with ethyl acetate. 

The combined organic layers were dried with MgSO4, filtrated and the solvent 

removed under reduced pressure. The crude product 22 was purified with 

column chromatography.[7] 

3-(4-Hydroxynaphthalen-1-yl)prop-2-enoic acid  (22) 

HO

OH
12

3

4 5
6

7

8
9

10
11

12

13

O

 

Yield: 35% 

1H-NMR (Acetone-d6
3J7,8 = 15.7 Hz, 1 H, 7-H); 6.88 

(d, 3J6,5 = 7.6 Hz, 1 H, 6-H); 7.39-7.43 (m, 1 H, 11-H); 7.49-7.53 (m, 1 H, 12-H); 

7.72 (d, 3J5,6 = 7.6 Hz, 1 H, 5-H); 8.09 (d, 3J10,11 = 8.6 Hz, 1 H, 10-H); 8.20 (d, 

3J13,12 = 8.4 Hz, 1 H, 13-H); 8.34 (d, 3J8,7 = 15.5 Hz, 1 H, 8-H) 
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Absorption maxima and observed retention times of natural and non-natural 

cinnamic acid derivatives and their corresponding monolignols used for HPLC 

analyses. Benzoic acid always used as internal standard.  

 Retention time 

[min] 

Wavelength 

[nm] 

Natural phenylpropanoids  

Cinnamic acid (9) 25.56 275 

Cinnamyl alcohol (6) 19.38 250 

p-Coumaric acid (2) 4.60 320 

p-Coumaryl alcohol (5) 3.83 260 

Caffeic acid (10) 2.75 325 

Caffeoyl alcohol (7) 2.39 260 

Ferulic acid (11) 5.90 325 

Coniferyl alcohol (8) 4.70 260 

Hydroxyferulic acid (12) 2.86 320 

Hydroxyconiferyl alcohol (14) 3.88 250 

Sinapic acid (13) 5.89 320 

Sinapyl alcohol (15) 4.67 275 

Non-natural phenylpropanoids 

3,4,5-Trimethoxycinnamic acid (16) 24.26 320 

3,4,5-Trimethoxycinnamyl alcohol (17) 15.00 260 

5-Bromoferulic acid (18) 23.66 325 

5-Bromoconiferyl alcohol (19) 18.26 260 

3-Nitroferulic acid (20) 17.30 275 

3-Nitroconiferyl alcohol (21) 13.34 250 

‘Bicyclic’ p-coumaric acid 22 26.91 260 

‘Bicyclic’ p-coumaryl alcohol 23 28.86 320 

Benzoic acid (internal standard)  9.14 230 
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