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Tab. 1S.  1H-NMR data of monocoumaroylquinic acids, p-coumaric acid, and free 
D-(−)-quinic acid (rel. to CD3OD = δ 3.30 ppm; M = multiplicity) 

 1 3 4 D-(−)-quinic acid 
H (ppm) J (Hz) (ppm) J (Hz) (ppm) J (Hz) M (ppm) J (Hz) 
2ax 2.20 2.4; -14 2.17 2.8; -13.5 2.17 3.4; -14.2 dd 2.06 3.3; -14.5 
2eq 2.14 2.0; 4.3; -14 2.07 2.4; 3.8; -13.5 2.04 2.2; 5.3; -14.2 ddd 2.02 2.0; 3.3; -14.5 
6ax 1.95 10; -13 2.01 11.0; -13.5 2.08 9.3; -13.5 dd 1.85 11.0; -13.5 
6eq 2.14 2.0; 4.3. -13 2.20 2.4; 4.0; -13.5 2.22 2.2; 4.4; -13.5 ddd 2.12 2.0; 4.7; -13.5 
3 5.36 2.4; 3.2; 4.3 4.29 2.8; 3.3; 3.8 4.16 2.9; 3.4; 5.3 ddd 4.08 3.3; 3.7; 3.2 
4 3.64 3.2; 9 4.80 3.3; 9.4 3.72 2.9; 8.4 dd 3.39 3.2; 9.2 
5 4.15 9; 4.3; 10 4.28 4.0; 9.4; 11.0 5.33 4.4; 8.4; 9.3 ddd 3.99 4.7; 9.2; 11 
        p-coumaric acid 
2' 7.45 2.3; 8.6 7.47 2.3; 8.6 7.46 2.3; 8.6 d(d) 7.41 2.3; 8.6 
3' 6.80 2.3; 8.6 6.80 2.3; 8.6 6.80 2.3; 8.6 d(d) 6.79 2.3; 8.6 
5' 6.80 2.3; 8.6 6.80 2.3; 8.6 6.80 2.3; 8.6 d(d) 6.79 2.3; 8.6 
6' 7.45 2.3; 8.6 7.47 2.3; 8.6 7.46 2.3; 8.6 d(d) 7.41 2.3; 8.6 
7' 7.65 15.9 7.70 15.9 7.62 15.9 d 7.59 15.9 
8' 6.36 15.9 6.42 15.9 6.32 15.9 d 6.27 15.9 
 400 MHz 600 MHz 400 MHz  200 MHz 

 

Tab. 2S.  1H-NMR data of monohydroxycinnamoylquinic acids, caffeic acid, and free 
D-(−)-quinic acid (rel. to CD3OD = δ 3.30 ppm; M = multiplicity) 

 4 5 6 D-(−)-quinic acid 
H (ppm) J (Hz) (ppm) J (Hz) (ppm) J (Hz) M (ppm) J (Hz) 

2ax 2.18 3.2; -14.3 2.17 2.4; -14.4 2.17 3.4; -14.2 dd 2.05 3.3; -14.5 
2eq 2.13 2.0; 4.3; -14.3 2.07 2.4; 3.4; -14.4 2.04 2.2; 5.4; -14.2 ddd 2.02 2.0; 3.3; -14.5 
6ax 1.94 9.7; -13.4 2.01 10.5; -13.5 2.07 9.3; -13.5 dd 1.85 11.0; -13.5 
6eq 2.11 2.0; 4.0; -13.4 2.21 2.4; 4; -13.5 2.22 2.2; 4.4; -13.5 ddd 2.12 2.0; 4.7; -13.5 

3 5.34 3.2; 3.2; 4.3 4.28 2.4; 3.3; 3.4 4.16 3.3; 3.4; 5.4 ddd 4.08 3.3; 3.7; 3.4 
4 3.63 3.2. 8.3 4.80 3.3; 9.6 3.72 3.3; 8.4 dd 3.39 3.4; 9.2 
5 4.14 4.0; 8.3; 9.7 4.29 4.0; 9.6; 10.5 5.33 4.4; 8.4; 9.3 ddd 3.99 4.7; 9.2; 11 
        caffeic acid 

2' 7.03 1.90 7.06 1.90 7.04 1.90 d 7.03 1.9 
3' – – – – – – d –  
5' 6.76 8.2 6.78 8.2 6.77 8.0 d 6.77 8.2 
6' 6.93 1.9; 8.2 6.95 1.9; 8.2 6.95 1.9; 8.0 d 6.92 1.9; 8.2 
7' 7.57 15.9 7.63 16.0 7.55 16.1 d 7.53 15.9 
8' 6.30 15.9 6.36 16.0 6.26 16.1 d 6.21 15.9 
 200 MHz 400 MHz 360 MHz  200 MHz 
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Tab. 3S.  13C-NMR data of monocaffeoylquinic acids and free D-(−)-quinic acid (rel. to 
CD3OD = δ 49 ppm, 50 MHz) 

 1 3 4 4 5 6 D-(−)-quinic acid 
C (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
1 75.42 76.61 76.22 75.46 76.61 76.17 76.88 
2 36.75 38.41 38.26 36.77 38.43 38.12 38.43 
3 73.03 69.67 71.36 73.02 69.69 71.35 71.93 
4 74.87 79.34 73.58 74.84 79.34 73.57 77.1 
5 68.29 65.52 72.02 68.34 65.54 71.86 68.03 
6 41.57 42.72 38.88 41.53 42.74 38.85 42.39 
7 178.29 177.27 177.04 178.5 177.27 176.96 177.56 
1' 127.44 127.32 127.30 128.04 127.92 127.78  
2' 131.05 131.25 131.12 115.91 115.42 115.26  
3' 116.80 116.82 116.84 146.81 146.74 146.59  
4' 161.06 161.13 161.2 149.35 149.47 149.36  
5' 116.80 116.82 116.84 116.51 116.53 116.49  
6' 131.05 131.25 131.12 122.84 122.94 122.94  
7' 146.42 146.74 146.66 146.81 147.12 147.01  
8' 115.94 115.44 115.42 115.21 115.27 115.26  
9' 169.00 168.99 168.70 169.04 169.03 168.70  

 

Tab. 4S.  1H-NMR and 13C-NMR data of dicaffeoylquinic acids (in CD3OD = δ 3.30 ppm 
and 49.0 ppm) 

 7 8  7 8 
H (ppm) J (Hz) (ppm) J (Hz) M C (ppm) (ppm) 

2ax 2.31 4.0; -13.8 2.30 3; -14.2 dd C-1 74.77 76.15 
2eq 2.15 1.5; 7.2; -13.8 2.10 2; 5.2; -14.2 ddd C-2 36.04 38.45 
6ax 2.20 7.5; 14.0 2.23 9.3; -14 dd C-3 72.58 69.00 
6eq 2.23 1.5; 4.2; -14 2.28 2; 5; -14 ddd C-4 70.71 75.86 
3 5.41 3; 4.0; 7.2 4.36 3; 3; 5.2 ddd C-5 72.13 69.42 
4 3.98 3; 7.5 5.11 3; 9.3 dd C-6 37.70 39.45 
5 5.41 4.2; 7.5; 7.5 5.61 5; 9.3; 9.3 ddd C-7 17.74 176.76 
      C-1'/1" 127.99 / 127.87 127.78 / 127.72 
      C-2'/2" 115.97 / 115.68 115.27 / 115.27 

2'/2" 7.06 / 7.06 2.1 7.02 / 7.00 2.3 d C-3'/3" 146.77 / 146.77 147.70 / 147.57 
3'/3" - - - - d C-4'/4" 149.56 / 149.47 149.67 / 149.67 
5'/5" 6.77 / 6.77 8.1 6.73 / 6.73  8.3 d C-5'/5" 116.51 / 116.51 116.53 / 116.53 
6'/6" 6.96 / 6.96 2.1; 8.1 6.93 / 6.89 2.3; 8.3 dd C-6'/6" 123.01 / 122.94 123.10 / 123.10 
7'/7" 7.61 / 7.57 16.1 7.60 / 7.51 16.1 d C-7'/7" 147.03 / 147.26 146.77 / 146.77 
8'/8" 6.34 / 6.26  16.1 6.28 / 6.18 16.1  d C-8'/8" 115.33 / 115.20 114.78 / 114.84 
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Tab. 5S.  1H-NMR data of hydroxycinnamoyl aldonic and malic acid derivatives (in 
CD3OD = δ 3.30 ppm: M = multiplicity) 

 10 11 9 12 
H (ppm) J (Hz) M (ppm) J (Hz) M (ppm) J (Hz) M H (ppm) J (Hz) M 
2 4.24 - d 4.25 2.0 d 5.28 2.4 d 2 5.48 4.4; 7.8 dd 
3 4.24 - ddd 4.22 2.0; 6.0; 8.0 ddd 4.2 2.4; 5.0; 9.0 ddd 3a 2.96 -16; 4.4 dd 
4a 4.26 - dd 4.27 8; -11 dd 3.63 6.0; -11.0 dd 3b 2.91 -16; 7.8 dd 
4b 4.26  dd 4.26 6; -11 dd 3.61 8.0; -11.0 dd     
2' 7.04 1.7 d 7.46 8.5; 2.3 d 7.08 2.1 d 2' 7.06 2.0 d 
3' - - - 6.80 8.5; 2.3 dd - - - 3' - - - 
5' 6.77 8.1 d 6.80 8.5; 2.3 dd 6.79 8.2 d 5' 6.78 8.0 d 
6' 6.95 1.7; 8.1 dd 7.46 8.5; 2.3 dd 6.97 2.1; 8.2 dd 6' 6.95 2.1; 8.0 dd 
7' 7.58 15.9 d 7.64 16.0 d 7.68 15.8 d 7' 7.60 15.8 d 
8' 6.29 15.9 d 6.35 16.0 d 6.37 15.8 d 8' 6.31 15.8 d 
 600 MHz  600 MHz  200 MHz   200 MHz  

 

Tab. 6S.  13C-NMR data of hydroxycinnamoyl aldonic and malic acid derivatives (50 MHz, 
in CD3OD = δ 49.0 ppm; 10 also in D2O) 
* These assignments may be interchanged 

 10 10 11 9 12 
C (ppm) (ppm) (ppm) (ppm) (ppm) 
 - 176.5 175.8 172.2 173.0* 
2 71.4 71.9 72.3 73.6 69.9 
3 71.4 70.7 72.2 72.7 37.1 
4 66.0 65.7 65.9 63.1 179.6* 
1' 127.8 127.7 127.2 127.8 127.7 
2' 115.2 114.5 131.2 115.3 116.6 
3' 146.7 145.0 116.8 146.8 146.7 
4' 149.7 147.9 161.2 149.7 149.7 
5' 116.5 115.8 116.8 116.5 115.3 
6' 123.0 123.6 131.2 123.1 123.2 
7' 147.2 147.0 146.8 147.9 148.1 
8' 114.9 116.9 115.0 114.4 114.2 
9' 169.0 169.9 169.0 168.5 168.1 
 CD3OD D2O CD3OD CD3OD CD3OD 

 

Tab. 7S. 1H-NMR of L-threonic acid and γ-L-threonic acid lactone (in CD3OD = δ 3.30 
ppm, 50 MHz; M = multiplicity) 

  L-threonic acid γ-L-threonic acid lactone 
H M (ppm) J (Hz) (ppm) J (Hz) 
2 d 4.19 1.2 4.20 7.6 
3 ddd 3.97 1.2; 6.0; 7.3 4.29 7.6; 6.8; 7.2 
4a dd 3.66 6.0; -11.0 4.41 6.8; -9.1 
4b dd 3.61 7.3; -11.0 3.93 7.2; -9.1 

 


