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ABSTRACT  

 

 Mangiferin, is present in leaves and peel of mango. Many research studies 
showed that mangiferin possess various biological activities for example anti-
inflammatory, anti-oxidant, and anti-herpes properties. However, the solubility of this 
compound caused some limitation for its usage. This research is aimed to modify 
mangiferin structure to improve its properties by using three major routes which are 
metal salt formation, esterification of hydroxyl group on sugar ring and conversion of 
hydroxyl group on xanthone ring to alkoxy and acyl derivatives. Preparation of sodium 
potassium and calcium salt gave product between 53%-93%. Four derivatives were 
received in 17%-25% yield by modification of phenolic –OH to alkoxy (-OR). And 
seven acyl derivatives were prepared in 17-50% which are acetyl, octanoyl, lauroyl, 
cinnamoyl, p-Cl-cinnamoyl, o-Cl-cinnamoyl, p-OMe-cinnamoyl. The result showed that 
the new derivatives have better solubilities than mangiferin. All fourteen derivatives 
were then evaluated for their anti-herpes simplex activity. It was revealed that cinamoyl 
derivative gave the best activity followed by octanoyl and acetyl derivatives. Inhibition 
of topoisomerase II  of mangiferin and mangiferin derivatives were tested and revealed 
that all compounds showed topoisomerase II inhibitory activity. Further studies for the 
inhibition mechanism were also investigated. It was found that the inhibition occurred as 
non-intercalator except that of p-OMe-cinnamoyl mangiferin.  
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pyranose  2  –D–glucopyranosyl  hydroxyl group (OH)  4 
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 1.  Gallic acid (1), 3,4-dihydroxy benzoic acid (2), benzoic  acid 
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benzoate (9)  1.2    Mangiferin 

 50–250 mg/kg  TPA ( 12 –O–tetradecanoylphorbol-13-acetate) 

 peritoneal macrophages  ROS (reactive oxygen species)  

     Mangiferin  ROS  

2.  benzenoid  threonine alanine valine   cycloartenol  

  

3.   riboside, alkaloids, flavonoid, xanthone, benzenoid  sesquiterpenes   

4.  friedelin 

5.  sesquiterpenes  monoterpene  phenylpropanoid   Mangiferin–6’–O–

gallate   flavonoid    fisetin  triterpenes  benzenoid  tannins   xanthone    Mangiferin  

 

 

OH

HO

HO COOH

OH

HO

COOH COOH

OH

HO

HO COOCH3

OH

HO

HO COO(CH2)CH3

COO(CH2)CH3

O

O

OH

OHHO

Glu

OH

O

OH

OH

OH

HO

OH

O

OH

OH

OH

HO

OH

1 2 3 4

5

98

6
7

 
 

 2.1  

2.2  (Mangiferin) 

 (Mangiferin)  (Mangifera indica Linn.)  Iseda 

Syun1      



5 
 

  

  75%   C19H18O11    

280-281oC    dimethyl  ester        296.5-297.0 oC  

 C19H16O9(OMe)2    216-217 oC   

 

 
1 

  Svetlana 2 

  Hedysarum (Hedysarum alpinium L., Hedysarum flavescens)  

Xanthone  glycosides   acetone-water = 1 : 0.5-2 

  H2SO4  pH  2  4   0.5 – 3.0  

 2  Xanthone glycoside   aqueous 

 2    Xanthone glycoside    

 % yield  0.1 % 

                

 

2.2  

 xanthone  C-glucosylxanthones   

1,3,6,7-tetrahydroxyxanthone-C-2-beta-d-glucoside  Anacardiaceae  

Gentianaceae    

 

Sato 3    antioxidant  

Rajendran  4 ( )  

TCA Cycle   

  18  

  

  

Miura 5  KK-Ay  

   3  (p < 0.01)  

hyperinsulinemia  insulin resistance   

Bunyapraphatsara 6    
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  UV/vis spectroscopic study  SQUAD program  
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1.  (Magnetic stirrer) Fisher Scientific, United State America 

2.  (Balance) 2 , Sartorius, Germany 

3.  (Rotary Evaporator), Buchi B-171, 

Switzerland 

4.  (Nuclear Magnetic Resonance), Bruker 400 MHz, 

Germany 

5.  95%  (C2H5OH), Commercial Grade  

6. Acetic acid (CH3COOH), Glacial Grade, Lab Scan, Thailand 

7.  Mangiferin from Mangifera indica bark 98% (Sigma-Aldrich) 
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Magnetic Resonance spectroscopy (NMR)  

 

 

   95 %    

  

  95%  

   50 %  

  50%   

 20.67   7   300  

   NMR spectroscopy 

  1H NMR Spectrum (  3.2)  13C NMR 

Spectrum (  3.3)    

 1H NMR (400 MHz, DMSO-d6)   7.37 (s, 1H, H8), 6.85 (s, 1H, H5), 6.36 (s, 

1H, H4)   4.84 –3.10 ppm   

 13C NMR (100 MHz, DMSO-d6)   179.56 (CO), 164.3 (C3), 162.26 (C1), 

156.68 (C4a), 154.48 (C6), 151.24 (C4b), 144.19 (C7), 112.19 (C8a), 108.54 (C8), 108.09 (C2), 103.09 

(C5), 101.77 (C8b), 93.78 (C4), 82.05, (C5'), 79.46 (C3'), 73.55 (C1'), 71.11 (C4'), 70.70 (C2'), 61.96 (C6') 
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 3.4 1H NMR spectrum   

3.2    

 

 

1. ,  

2.  

 

1.  (Magnetic stirrer) Fisher Scientific, United State America 

2.  (Balance) 4 , Sartorius, Germany 

3.  (Rotary Evaporator), Buchi B-171, 

Switzerland 

4.  (Nuclear Magnetic Resonance), Bruker 400 MHz, 

Germany 

5. UV-spectrometer, Perkin-Elmer 

6.  Ethy acetate, Commercial Grade 

7. Dicloromethane, CH2Cl2, commercial grade  

8. Dmethyl formamide, C3H7NO, Labscan 

9. 2-methyl-2-butanol, commercial grade 

10. NaHCO3, 98%, Fluka 

11. K2CO3, 98%, Fluka 

12. DMSO-d6, 98% Wilmard 

13. DMSO, 98%, Fluka 

14. 95%  (C2H5OH), Commercial Grade 

8 5 4

8
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15. CHCl3, Commercial Grade 

16. ,  

17. CaCl2,2H2O, Commercial Grade 

18. Acetone, commercial grade 

19. Vinyl acetate, 98%, Sigma Aldrich 

20. Lipase , Novozyme 435, Sigma Aldrich 

21. Vinyl palmitate, 13 

22. Dimethyl sulphate, 98%, Fluka 

23. Methyl iodide, 98%, Sigma Aldrich 

24. Cinnamoyl chloride, 98% Sigma Aldrich 

25. Benzyl chloride, 98%, Sigma Aldrich 

26. Acetic anhydride, commercial grade 

27. Silica gel g 60, Merck, Germany 

28. Lipase B acrylic resin from Candida Antarctica:  Novozyme 435, Sigma Aldrich 

29. Lipase B Candida antarctica immobilized on Immobead 150, recombinant from 

Aspergillus oryzae  
30. Vinyl laurate,  

31. Methyl iodide, 98%, Sigma Aldrich 

32. Allyl bromide, 98%, Sigma Aldrich 

33. 1-bromohexane, 98%, Sigma Aldrich 

34. Octanoyl chloride, 98% Sigma Aldrich 

35. Cinnamoyl chloride, 98% Sigma Aldrich 

36. Benzyl chloride, 98%, Sigma Aldrich 

37. Acetic anhydride, commercial grade 

38. p-methoxy-Cinnamoyl chloride 14 

39. p-Chloro-Cinnamoyl chloride 14 

40. o-Chloro- Cinnamoyl chloride 14 

*  commercial grade   dry    

 

3.2.1   

 

  
 1 



7 
 

 

   

 

 

1.  

2.  UV  NMR  

 UV  NMR  

 

 

 

 

 

 

3.2.1.1   

 

 
 0.132  (0.3 mmol)   1:9 

 2.5     NaHCO3 0.026  (0.3 mmol)  2 )  

 30    : Ethyl acetate  1:1.5 (v/v) 

   60oC  0.130   

 

  0.132     

NaHCO3   : Ethyl acetate 

  60oC  0.130  

(93% yield)   NMR spectroscopy 

 1HNMR (  3.1) 13CNMR (  3.1) 

  HMQC  HMBC  phenoxide –OH  C-6 
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 3.5 1H NMR spectrum   

 

 1H NMR (400 MHz, DMSO-d6)   7.04 (s, 1H, H8), 6.26 (s, 

1H, H5)  6.21 (s, 1H, H4)  4.61-3.2  

  4.61 (1H, d, J = 9.8 Hz)  beta-glycoside   

 

 
 3.6 13C NMR spectrum   

 
13C NMR (100 MHz, DMSO-d6)   177.64 (CO), 166.06 (C6), 164.66 (C3), 

162.08 (C1), 156.36 (C4a), 154.38 (C4b), 147.32 (C7), 107.32 (C2), 105.48 (C8a), 102.69 (C8),100.85 

(C5), 100.30 (C8b), 93.65 (C4), 81.71 (C5'), 79.58 (C3'),73.92 (C1'), 70.93 (C4'),  70.76 (C2'),  61.72 (C6') 

  

 0.130   93% 

 1H NMR  13C NMR  
13C NMR  B  6, 4b, 7,8a  8  C6 

  3.1 -

 2D NMR HMQC  HMBC  3.2  phenoxide –OH 

 C-6  HMBC    

 3.1  13C NMR  

 

C  Na  
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CO 179.56 177.64 -1.92 

3 164.30 164.66 0.36 

1 162.26 162.08 -0.18 

4a 156.68 156.36 -0.32 

6 154.48 166.06 11.58 

4b 151.24 154.38 3.14 

7 144.19 147.32 3.13 

8a 112.19 105.48 -6.71 

8 108.54 102.69 -5.85 

2 108.09 107.32 -0.77 

5 103.09 100.3 -2.79 

8b 101.77 100.85 -0.92 

4 93.78 93.65 -0.13 

 

 3.2  2D NMR HMQC, HMBC   

H  (ppm) HMQC C (ppm) HMBC 

(CO)   177.64 (CO)  

C1   162.08  

C2   107.32  

C3   164.66  

C5 5 6.26 (s, 1H) 100.85 C8a, C8b, C7,CO 

C6   166.06  

C7   147.32  

C8 8 7.04 (s, 1H) 102.69 C-8a, C8b, C7, CO 

C4a   156.36  

C4b   154.38  

C8a   105.48  

C8b   100.85  

C4 4 6.21 (s, 1H) 93.65 C3, C4a, C4b, CO 

C1’ 1' 4.61 (1H, d, J = 9.8 Hz) 73.92 C1’, C3’, C2’, C6' 

C2’ 2' 4.03 (1H, d, J = 9.8 Hz) 70.76 C1’, C3’,  

C3’ 3' 3.16 (3H, m) 79.58 C5’, C4’, 

C4’ 4' 3.16 (3H, m) 70.93 C5' 
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3.2.1.2   

 

 
 

 0.422  (1 mmol)  7   3     

 K2CO3 (0.055  0.4 mmol)  27.6 )   

  : CHCl3  7:1 (v/v)    60oC 

 0.448   

 

 

C5’ 5' 4.16 (1H, d, J = 9.8 Hz) 81.71 C4’, C6’ 

C6’ 6' 3.4, 3.6 (2H, dd 11.0Hz, 

2.1 Hz) 

61.72 C5' 
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  0.422      

K2CO3    : CHCl3 

  60oC  0.448  (97% 

yield)    NMR spectroscopy  
1HNMR (  3.7) 13CNMR (  3.8)  

 HMQC  HMBC  phenoxide –OH  C-6 
 

 3.7 1H NMR spectrum   
 

1H NMR (400 MHz, DMSO-d6)   7.10 (s, 1H, H8), 6.45 (s, 

1H, H5)  6.26 (s, 1H, H4)  4.58-3.1  

  4.61 (d, J = 9.8 Hz, 1H)  beta-glycoside 

 

 3.8 13C NMR spectrum   
 

13C NMR (100 MHz, DMSO-d6)   178.10 (CO), 163.90 (C6), 163.90 (C3), 

161.54 (C1), 156.49 (C4a), 153.88 (C4b), 146.39 (C7), 107.05 (C2), 106.89 (C8a), 103.92 (C8), 101.20 

(C5), 101.15 (C8b), 93.75 (C4), 81.41 (C5'), 79.03 (C3'), 73.61 (C1'), 70.60 (C4'), 70.60 (C2'),  61.58 (C6') 

 

 

  

  0.448   97% 
 1H NMR  13C NMR 

 

 B  6, 4b, 7, 8a  8  C6  

 phenoxide  –OH  C-6  

3.2.1.3   

 

 
 0.230  (0.5 mmol)  25   

 CaCl2 0.050  (0.05 mmol)  15    

4oC  3    60oC  0.116    
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  0.230    CaCl2 0.050  

  30    4oC 

  60oC   0.116  

 53%  

  NMR spectroscopy 

 1H NMR Spectrum    
1H NMR (400 MHz, DMSO-d6) � 7.18 (s, 1H, H8), 6.51 (s, 

1H, H5)  6.31 (s, 1H, H4),  4.59-3.0  

  4.59 (d, J = 9.8 Hz, 1H,)  beta-glycoside   

 

 

 3.9 1H NMR spectrum   

 

 

 3.10 13C NMR spectrum   

 
13C NMR (100 MHz, DMSO-d6)   178.57 (CO), 164.13 (C6), 162.14 (C3), 

162.14 (C1), 156.46 (C4a), 153.21 (C4b), 146.49 (C7), 108.08 (C2), 107.60 (C8a), 105.08 (C8), 102.5 (C5), 

101.71 (C8b), 93.66 (C4), 82.56 (C5'), 80.20 (C3'), 73.76 (C1'), 70.75 (C4'), 70.03 (C2'),  61.86 (C6') 

 

  53% 

  1H NMR    

chemical shift   upfield  

H5  6  

3.3 

 3.3  chemical shift   

 

 
 

H   

 

   

 

 

 

 

H8 7.37 7.04 0.33 7.10 0.07 7.18 0.19 
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H5 6.85 6.26 0.59 6.45 0.4 6.51 0.34 

H4 6.36 6.21 0.15 6.23 0.13 6.31 0.05 

 

3.2.1.4   

  

 Inductively Coupled Plasma Optical Emission 

 

 deionized water  

0.01% (W/V)  Inductively Coupled Plasma Optical Emission Spectrometer, 

Spectro CIROSCCD 

 

 

  Inductively Coupled Plasma Optical Emission 

 3.4 

 3.4  

 

  %(w/w)  

 Na K Ca 

 %(w/w) 

 

Na-  3.5 + 0.05 <0.0085 <0.014 5.17 

K-  <0.0015 3.5 + 0.06 <0.014 7.98 

Ca-  <0.0015 1.6 + 0.02 3.3 + 0.2 4.53 

 

 

 

  %  (  
Elemental Analysis)    

 hydrate  

 %   % 

 

  CaCl2   KCl 

  

3.2.1.4  UV spectroscopy 
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 3   UV  ,    

 

 

1.    3.5 x 10-5 M  

 UV  200-500 nm  

2.     5.2 x 10-5 M  

 UV  200-500 nm  

3.      6.3 x 10-5 M  

 UV  200-500 nm  

4.      3.1 x 10-5 M  

  UV  200-500 nm  

 

   3.11-3.14 

 

 
 3.11  UV spectrum  

 
 3.12  UV spectrum    

 

 
 3.13  UV spectrum    
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 3.14  UV spectrum      

 

   UV    

   3.5 

 

 3.5  UV ,   

 

 

 

 

 

 

 

 

 

3.2.2   

   B  

   oil 

  

  

  

 (regioselective) 

 

 transesterification 

 

 3.2.2.1  vinyl acetate 

 

  Wavelength (nm) 

240 257 317 365 

 20,269.57 17,371.98 7,132.957 11302.7 

  6,283.57 6,080.87 2,695.85 3,200.66 

  8,054.76 7,582.07 3,356.41 4,246.28 

  7,346.73 7,274.87 2,910.60 3,604.44 
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  1        3 

 

 0.211  (1 mmol)  acetone  5   vinyl acetate 92 

 (1 mmol)  32   3 Å molecular sieves 25  

 40ºC  TLC 

 

 0.211   acetone  5   

vinyl acetate 92   32   3 Å molecular sieves 25  

 40ºC  TLC  2   72   

 TLC   

  

5.2.2.2  vinyl palmitate 

 
1        3 

 

 

 0.063  (0.03 mmol)  2-methyl-2-butanol  5  

 20% dimethylsulfoxide  vinyl palmitate (0.15 mmol) 0.211   125  

 3 Å molecular sieves 125   40ºC  

TLC 

 

 2-methyl-2-butanol  5    0.063  

 20% dimethylsulfoxide    

vinyl palmitate (0.15 M) 0.211   125   3 Å molecular sieves 125 . 

 40ºC  TLC  2   72  

 TLC   palmitic acid  vinyl palmitate  

  

 

  B   vinyl acetate  vinyl 

palmitate  
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 acetone, DMSO  2-methyl-2-butanol 

  
 

 5.2.2.1    acyl donor   

 

  

  acyl donor  

   –OH  

 

 

 
1        3 

 

 0.100  (0.5 mmol)  (acetone, DMSO, 2-methyl-

2-butanol, Butylmethyl immidazolium tetrafluoroborate (BMiMBF4)  5   vinyl acetate 

92  (1 mmol)  vinyl luarate (1 mmol)  32   3 Å molecular sieves 25 

  40ºC  TLC  2   72 

  

 

 0.100  (0.5 mmol)   

acetone  2-methyl-2-butanol   DMSO  Butylmethyl 

immidazolium tetrafluoroborate (BMiMBF4)   

 40ºC  TLC  2   72  

 3.6   

 3.6  

 

 Acyl donor   TLC 

Novozyme 435 vinyl acetate Acetone 

 

Novozyme 435 vinyl acetate 2-methyl-2-butanol 

 

Novozyme 435 vinyl acetate DMSO 

 

Novozyme 435 vinyl luarate 20% 2-methyl-2-butanol /DMSO 
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Novozyme 435 vinyl acetate Butylmethyl immidazolium tetra 

fluoroborate (BMiMBF4)  

Lipase 

B:Immobead 

vinyl acetate 2-methyl-2-butanol 

 

Lipase 

B:Immobead  

vinyl acetate DMSO 

 

 

 

 acyl donor  

- 

 –OH  

  40oC 

 

 40oC  

 acetone  2-methyl-2-butanol   

2-methyl-2-butanol  DMSO  BMiMBF4   

 

5.2.2.2  vinyl acetate  Ultrasound 

irradiations 

 B  

 B  

Ultrasound irradiations 

 

1       3 

 

 

1. Ultrasound irradiations  sonic probe 

 0.100  (0.5 mmol)  DMSO 1.25  60oC  Vinyl 

acetate 0.13  (3 mmol) lipase Novozyme 435 0.0076   vial  5   3 Å molecular 

sieves 5   sonicate  ultrasonic probe  100 W  8  

 TLC  

2. Ultrasound irradiations  sonic bath 

 0.100  (0.5 mmol)  DMSO 1.25  60oC  Vinyl 

acetate 0.13  (3 mmol) lipase Novozyme 435 0.0076   vial  5   3 Å molecular 

sieves 5   sonicate  ultrasonic bath  100 W  10  
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 TLC   crude product 

 silica gel chromatography (chloroform– , 4:1)  

 

 0.100  (0.5 mmol)  DMSO 1.25  60oC  

Vinyl acetate 0.13  (3 mmol)  lipase Novozyme 435 0.007   sonic probe  100 

W  TLC  4   

  10   TLC  

 

 Vinyl acetate  60oC  

  lipase Novozyme 435 0.0076   ultrasonic bath  100W 

 TLC  4  

  10   TLC  

  crude product  silica gel 

chromatography (chloroform–m , 4:1)   0.005  

 ESI-MS  m/z = 487.0856 (M+Na)+  C20H20NaO11 

 5%  NMR spectroscopy 1H NMR (DMSO-d6, 400 MHz):  

13.83 (1H, s, 1-OH), 10.40 (3H, bs, 3, 6, 7-OH), 7.36 (1H, s, 8-H), 6.86 (1H, s, 5-H), 6.40 (1H, s, 4-H), 

5.0-4.78 (1H, m, 1’H), 4. 39 (2H, m, 6’-H), 3.85-3.5 (4H, m, 5’, 4’, 3’, 2’H) 2.07 (3H, s, CH3CO2) 2.04 

(3H, s, CH3CO2)  

 DMSO  

 

 Novozyme 435  Lipase B:Immobead 

   DMSO  Butylmethyl 

immidazolium tetra fluoroborate (BMiMBF4)   acetone  2-methyl-2-butanol 

  

 acyl donor   vinyl acetate   vinyl luarate 

  60oC   Ultrasound 

irradiations  ultrasonic probe  ultrasonic bath   ultrasonic 

probe  supporter 

  ultrasonic bath 100 W  10   crude product 

 silica gel chromatography (chloroform: , 4:1) 

  1HNMR   NMR 

15  5% 

 DMSO  
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3.2.2 

 C  

 

 
 

5.2.3 

 C  

 Xanthone  C 

  

 

  

 –OH   2   

  –OH 

5.2.3.1  

 dimethyl sulphate 

 

 
1 4 

 

  0.2110 (0.5 mmol)  acetone  60   dimethyl sulphate 

0.425  (3.3 mmol)  K2CO3 50  (0.36 mmol)  7   

TLC  

 

 acetone   0.2110   dimethyl sulphate 

 7    TLC 

  

 

 methyl iodide 
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1         4a 

 

 0.210  (0.5 mmol)  dry DMF 10   methyl iodide 0.25  (6 

mmol)  K2CO3 50  (0.36 mmol)  60oC  24 . 

 TLC    crude 

  MeOH  CH2Cl2  ESI-MS  NMR spectroscopy 

  

 0.210  (0.5 mmol)  dry DMF 10   methyl iodide 6 mmol 

 24 . 

  TLC  

  crude   

MeOH  CH2Cl2  4a  38 (0.080 ) 

 ESI-MS  m/z = 459.0906 (M+Na)+  C20H20NaO11  

IR (KBr, cm-1): 3452 (b), 3023, 2980, 1627, 1586, 1492, 1419, 1375, 1363, 1263, 1178, 

1027, 818, 792, 500 

NMR spectroscopy 1HNMR (400 MHz, DMSO-d6, , ppm): 13.83 (1H, s, OH), 9.89 (2H, bs, 

OH), 7.39 (1H, s, H8), 7.15 (1H, s, H5), 6.45 (1H, s, H4), 4.88 (2H, br, OH), 4.58 (1H,  d, J = 8 Hz 

H1'),4.45 (2H, br, OH) 4.06 (1H, m, H2'), 3.93 (3H, s, OCH3), 3.67, 3.4 (d, J = 8 Hz, H6'), 3.15 (m, 3H, 

H3', H4', H5') 
13CNMR (100 MHz, DMSO-d6, , ppm): 179.58 (CO), 164.79 (C3), 162.22 (C1) 156.75 (C4a), 

155.50 (C6), 151.13 (C4b), 144.77 (C7), 112.98 (C8a), 108.27, (C8), 108.05 (C2), 101.80 (C5), 100.63 

(C8b), 93.85 (C4), 82.05 (C5'),79.49 (C3'), 73.52 (C1'), 71.11 (C4'), 70.66 (C2'), 61.96 (C6'), 56.82, OCH3 

 

 3.7  2D NMR HMQC, HMBC  
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 acetone 

  acetone  

  dry DMF  methyl iodide  

60oC  12 .  TLC 

atom C HMQC HMBC 

CO 179.58    

C3 164.79    

C1 162.22    

C4a 156.75    

C6 155.50    

C4b 151.13    

C7 144.77    

C8a 112.98    

C8 108.27 7.39 (s, 1H, H8), CO, C6, C7,C8a, C8b 

C2 108.05    

C5 101.80 7.15 (s, 1H, H5), CO, C6, C7,C8a,C8b 

C8b 100.63    

C4 93.85 6.45 (s, 1H, H4), CO, C5, C8,C3, C4a 

C5' 82.05 3.15 (m, 3H, H3', H4', H5')  

C3' 79.49 3.15 (m, 3H, H3', H4', H5')  

C1' 73.52 4.58 (1H,  d, J = 8 Hz H1'), C2, C2’ C1, C3 

C4' 71.11 3.15 (m, 3H, H3', H4', H5')  

C2' 70.66 4.06 (1H, m, H2')  

C6' 61.96 3.67, 3.4 (d, J = 8 Hz, 2H,  H6’')  

OCH3 56.82 3.93 (3H, s, OCH3), C6 
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  –OH  

 

 24 .  crude   MeOH 

 CH2Cl2  0.080  (38% yield)  1HNMR, 13CNMR, HMQC  

HMBC (  3.6)  monomethoxy-  

 6 

 

5.2.3.2  1-bromohexane 

 

 
 1        4b 

 0.210  (0.5 mmol)  dry DMF 10   1-bromohexane 0.28  (2 

mmol)  K2CO3 50  (0.36 mmol)  60oC  TLC  20 . 

  crude  

MeOH  CH2Cl2  ESI-MS, NMR spectroscopy 

 

  0.210  (0.5 mmol)  dry DMF 10   1-bromohexane 0.28 

 (2 mmol)  K2CO3 50  (0.36 mmol)  60oC  

 TLC  24 .   crude 

  MeOH  CH2Cl2  

 0.080  (33% yield)  ESI-MS  m/z = 507.1868 

(M+H)+  C25H31O11  NMR spectroscopy  

IR (CH3OH, cm-1): 3437(b), 2962, 1634 (b), 1469, 1277, 1224, 1196, 1080, 1020, 620 

NMR spectroscopy 1H NMR Spectrum (400 MHz, DMSO-d6, , ppm): 13.68 (br, 1H, OH),  

8.8 (br, 2H, OH), 8.46 (br, 5H, OH) 7.39 (s, 1H, H8), 7.13 (s, 1H, H5), 6.45 (s, 1H, H4), 4.9-4.5 (br, 4H,-

OH), 4.59 (m, 1H, H1’),3.67, 3.33(m, 2H, H6a’, H6b’), 4.02 (m, 2H, H1’’), 3.74-3.15 (m, H2, H3’, H4’,H5’) 

1.78 (2H, m, H2’’), 1.31 (m, 6H, H3’’,H4’’, H5’’), 0.89 (3H, m, H6’’) 
13C NMR Spectrum (100 MHz, DMSO-

d6, , ppm), 179.6, (CO), 168.13, (C3), 164.57, (C1), 162.22, (C4a), 156.72, (C6), 154.92, (C4b), 151.16, 

(C7), 115.39, (C8a), 108.21, (C8),108.06, (C2), 101.8, (C5), 99.13, (C8b), 93.81, (C4), 82.04, (C5'), 79.47, 

(C3'), 73.5, (C1'), 71.09, (C4'), 70.66, (C2'), 69.4, (C1’’), 61.94, (C6'), 34.7, (C2’’), 28.78, (C3’’), 25.55, (C4’’), 

22.54, (C5’’), 14.40, (C6’’)  
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 1-bromohexane  K2CO3  dry DMF 

 60oC  crude   

MeOH  CH2Cl2  4b   0.080  (33% yield) 

 ESI-MS  m/z = 507.1868 (M+H)+  C25H31O11 

  1HNMR, 13CNMR, HMQC  

HMBC spectroscopy   mono alkylation 

 6  

5.2.3.3   

 

 
 1        4c 

  0.210  (0.5 mmol)  dry DMF 10   Allyl bromide 0.049  (6 

mmol)  K2CO3 50  (0.36 mmol)  60oC  TLC  22 . 

  crude   MeOH  

CH2Cl2  0.057   ESI-MS  NMR spectroscopy 

 

  0.210  (0.5 mmol)  dry DMF 10   allyl bromide 0.049  

(6 mmol)  K2CO3 50  (0.36 mmol)  60oC   

TLC  22 .   crude  

 MeOH  CH2Cl2   0.057   

ESI-MS  m/z = 463.1244  (M+H)+  C22H23O11 

  

IR (CH3OH, cm-1):  3418 (b), 1651, 1645, 1047, 1025, 997, 837, 765, 631 

NMR spectroscopy 1HNMR (400 MHz, DMSO-d6, , ppm) 13.66 (bs, 1H, OH), 7.43 (s, 1H, 

H8), 7.15 (s, 1H, H5), 6.49 (s, 1H, H4), 6.06 (m, 1H, H2’’), 5.45 (d, J = 17 Hz, H3’a’), 5.32 (d, J = 11 Hz, 

H3’’b), 4.89-4.5 (5H, OH), 4.68 (d, J = 5Hz, 2H, H1’’), 4.57 (d, J = 10 Hz, 1H, H1’), 4.02 (t, 9Hz, H2’), 3.6-

3.5 (m, 2H, H6a, 6b,) (3.5-3.3 (m, H3’, H4’, H5’) 
13CNMR (100 MHz, DMSO-d6, , ppm) 179.59 (CO), 164.57, (C3), 162.15 (C1), 156.67 (C4a), 

154.26 (C6), 150.95 (C4b), 144.88 (C7), 133.25 (C2’’) 118.80  (C3”) 113.02 (C8a), 108.31 (C8), 108.15 

(C2), 101.83 (C5), 101.66 (C8b), 93.86 (C4), 81.95, (C5'), 79.41 (C3'), 73.43 (C1'), 71.01 (C4'), 70.60 (C2'), 

69.85 (C1’'), 61.85(C6') 

 

 Allyl bromide  K2CO3  dry DMF 

 60oC  crude   MeOH  CH2Cl2 
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 4c   0.057    ESI-MS 

 m/z = 463.1244  (M+H)+  C22H23O11 

  25%   1HNMR, 13CNMR, HMQC  

HMBC spectroscopy  monoallylate  –OH  

6  

5.2.3.4  benzylation  benzyl chloride 
 

 
 

 0.210  (0.5 mmol)  dry DMF 10   benzyl chloride 0.252  (2 

mmol)  K2CO3 50  (0.36 mmol)  60oC  TLC  

24 .   crude  

 MeOH  CH2Cl2  0.078   ESI-MS  NMR 

spectroscopy 

 

 0.210  (0.5 mmol)  dry DMF 10   benzyl chloride 0.252 (2 

mmol)  K2CO3 50  (0.36 mmol)  60oC  TLC  

24 .   crude  

 MeOH  CH2Cl2  benzyl mangiferin  

 130–133°C  0.078   ESI-MS  m/z = 

603.19 (M+H)+  C33H31O11  NMR spectroscopy 

  

IR (CH3OH, cm-1)) 3358 (b), 2923,1606 (sh), 1467, 1250, 1180, 1000, 950 

  NMR spectroscopy  1H NMR (400 MHz, DMSO-d6): 

13.48 (1H, s), 7.63~7.29 (10H, m, 2H3a’’,2H4a’’ H5a’’ 2H3b’’ 2H4b’’ H5b’’), 7.49 (s, 1H, H8), 

7.23 (s, 1H, H5)  6.74 (1H, s, H4), 5.29 (1H, bs, OH), 5.22~5.14 (4H, m, 2H1a’’, 

2H1b’’), 4.89 (bs 2H, OH) 4.68 (1H, d, J = 8 Hz, H1’), 4.48 (m, 1H, H2’), 4.0-3.0 

(2H, m, OH), 3.8, 3.7 (m, 2H, H6a' H6b'), 3.4 - 3.15 (m, 3H, H3', H4', H5') 

13CNMR (100 MHz, DMSO-d6, , ppm): 
13CNMR (100 MHz, DMSO-d6, , 

ppm): 179.69 (CO), 164.72 (C3) ,160.97 (C1), 157.30 (C4a), 154.69 (C6), 

151.07 (C4b), 145.45 (C7), 136.98 (C2a''), 136.55 (C2b''),129.03 (C3a'',C7a''), 
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128.74 (C4a'',C6a''),, 128.65 (C3b'',C7b''),, 128.40 (C4b'',C6b''), 128.12 (C5a''),, 

127.40 (C5b''), 113.32 (C8a), 109.44 (C2), 108.24 (C8), 102.45 (C8b), 

101.80 (C5), 91.96 (C4), 82.31 (C5'), 71.16 (C1a’'), 70.84 (C1b’'), 

79.44(C3'), 73.97 (C1'), 71.2 (C4'), 70.39 (C2'), 62.29 (C6') 

 

 benzyl chloride  K2CO3  dry DMF 

 60oC  crude   MeOH  CH2Cl2 

 4d  0.078   130–133°C  ESI-

MS  m/z = 603.19 (M+H)+  C33H31O11 

  26%   1HNMR, 13CNMR, HMQC, 

HMBC  Mass spectrometry  dibenzylation  –

OH  6, 7  monobenzylation  1-

bromohaxane  benzyl bromide  alkylating agent  

  xanthone  hydroxyl   alkylation 

  alkylation  

monobenzyl  dibenzyl  mol ratio  

  benzyl   alkylation  

6  7  1  3  –OH  1  3  

glycoside   6  7 

 

5.2.3.5  Acetic anhydride 

 

  0.050  (0.12 mmol)  pyridine 4   acetic anhydride 0.3  (0.3 

mmol)  24 .   crude  

 Ethyl acetate/ hexane   0.091  

  0.016   (17%)  ESI-MS  NMR spectroscopy 

 

 0.050   pyridine 4   acetic anhydride 

  24   TLC  2  

   crude  CHCl3 

 Ethyl acetate/ hexane 
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 0.016   ESI-MS  m/z = 781.1597 (M+Na)+ 

 C35H34NaO19  –OH  C1, C3, C6, C7  –

OH  C2’, C3’, C4’,  C6’  17%   

NMR spectroscopy 

IR (KBr, cm-1) 3010, 2939, 1760, 1756, 1655, 1620, 1450, 1371, 1176, 1050, 919, 597  
1H NMR (400 MHz, CDCl3): 8.07 (s, 1H, H8), 7.43 (s, 1H, H5), 7.26 (1H, s, H4), 5.74 (1H, m, 

H1’), 5.34 (m, 1H, H4’), 5.32 (m, 1H, H3’), 4.86 (1H, d, J = 8 Hz, H2’), 4.45, 4.03  (m, 2H, H6a', H6b'), 3.85 

(m, 1 H, H5’), 2.44 (s, CH3) , 2.42 (s, CH3) ,  2.24 (s, CH3), 2.23 (s, CH3),  2.00 (s, CH3) , 1.98 (s, CH3) , 

1.96 (s, CH3) , 1.95 (s, CH3) 
13CNMR (100 MHz, CDCl3, , ppm): 173.58 (CO), 170.46 (CO), 170.27 (CO), 169.59 (CO), 

168.46 (CO), 167.98 (CO), 167.63 (CO), 157.42 (C3) , 154.37 (C1), 152.91 (C4a), 149.59 (C6), 147.65 

(C4b), 139.36 (C7), 122.45 (C8a), 120.80  (C8), 118.26 (C2), 114.54 (C4b) 112.64 (C8b),, 111.70 (C5), 

109.92 (C4), 77.23 (C5'), 76.56, (C4'), 74.35 (C2'), 72.43 (C1'), 68.14 (C3'), 61.90 (C6'), 21.38, 20.76, 

20.48 (C2’)  

 

 

 0.0500   acetylation  pyridine  acetic 

anhydride   24   TLC 

 2     

crude  CHCl3  Ethyl 

acetate/ Hexane   0.0160  (17% yield)  

ESI-MS  m/z = 781.1597 (M+Na)+  C35H34NaO19 

 –OH  C1, C3, C6, C7  –OH  C2’, C3’, C4’,  C6’ 

 NMR spectroscopy 1HNMR, 13CNMR, HMQC, HMBC 

  

  

acylation    DMSO  

 

5.2.3.6    Octanoyl chloride 

 

 
 0.100  (0.24 mmol)  pyridine 6   octanoyl chloride 0.05  

(0.28 mmol)  24 .   crude 
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  MeOH  CHCl3   0.041  

 ESI-MS  NMR spectroscopy 

 

 

 0.100  (0.25 mmol)  pyridine 6   octanoyl chloride 0.05  

(0.3 mmol)   24 .   

crude   MeOH  CHCl3  

0.041   ESI-MS  m/z = 549.1964 (M+H)+ 

 C27H33O12  1   32 % yield   

   

IR (CH3OH, cm-1): 3428 (b), 2951, 1634, 1468, 1451, 1016, 748 
1H NMR (400 MHz, (CD3) 2SO, , ppm): 13.40 (bs, 1H, OH), 11.3-10.5 (bs, 1H,OH), 7.44 (s, 

1H, H8), 6.82 (s, 1H, H5), 6.36 (s, 1H, H4), 4.8-4.61 (brs, 5H, -OH), 4.20 (m, 1H, H1’), 3.90, 3.88 (m, 

1H, H6a’H6b’), 3.77 (m, 1H, H2’), 3.76-3.48 (m, 3H, H3’, H4’, H5’), 2.34 (t, J= 7.5 Hz, 2H, H2’’), 1.63 (m, 2H, 

H3’’), 1.62 (m, 8H, H4’, H5’’, H6’’ H7’’), 0.95 (q, 3H, H8’’) 
13C NMR (100 MHz, (CD3) 2SO, , ppm) 179.93 (CO), 174.85 (C1''O), 163.82 (C3), 162.50 

(C1), 158.15 (C4a), 151.78 (C6), 150.12 (C4b), 144.41 (C7) 115.74 (C8a), 107.72 (C8), 

106.31(C2)102.05(C5), 101.89 (C8b), 93.47 (C4), 81.21 (C5') 78.78 (C3') 73.96 (C1'), 71.22 (C4'), 70.40 

(C2'), 61.48 (C6'), 33.40 (C2''), 31.43 (C3''), 29.34 (C4'') 28.74, (C5'') 24.63, (C6'') 22.23 (C7''), 12.97 (C8'')  

 

 

  octanoyl chloride  Pyridine 

 24   crude   

MeOH  CH2Cl2  6a  0.041  

32 % yield    ESI-MS 1HNMR, 13CNMR, HMQC  HMBC 

spectroscopy   1   

5.2.3.7    luaroyl chloride 

 

 
 0.100  (0.25 mmol)  pyridine 6   luaroyl chloride 0.06  (0.28 

mmol)  20    crude 

 column chromatography   dry  Na2SO4 
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  isopropanol  Dichloromethane  0.061  

 ESI-MS  NMR spectroscopy 

 

 0.100  (0.23 mmol)  pyridine 6   luaroyl chloride 0.06  

(0.28 mmol)   24 . 

 crude   crude 

 MeOH  CHCl3  0.061   

 ESI-MS  m/z = 605.2589 (M+H)+ 

 C31H41O12  1   42%  

IR (CH3OH, cm-1): 3394 (b), 2922, 1738, 1620, 1466, 1277, 1109, 1081, 750 
1H NMR Spectrum (400 MHz, (CD3) 2SO, , ppm): 13.53 (s, 1H, OH), 11.51 (s, 1H, OH)  

10.81 (s, 1H, OH),  8.00 (s, 1H, H8), 7.01 (s, 1H, H5), 6.42 (s, 1H, H4), 4.89 (m, 2H, -OH), 4.62 (m, 1H, 

-OH), 4.6 (d, J = 10 Hz, 1H, H1’), 4.0 (m, 1H, -OH) 4.12 (m, 1H, H2’) 3.70 (m, 1H, H6b’), 3.41 (m, 1H, 

H6a’), 3.2-3.0 (m, 3H, H3’, H4’, H5’), 2.62 (t, J= 7.5 Hz, 2H, H2’’), 1.63 (m, 2H, H3’’),1.5-1.0 (m, 16H, H4’’, 

H5’’ H6’’ H7’’ H8’’ H9’’ H10’’ H11’’,), 0.82 (q, 3H, H12’’) 
13C NMR (100 MHz, (CD3) 2SO, , ppm) 179.93 (CO), 171.85 (C1''O), 165 (C3), 162.2 (C1), 

157.01 (C4a), 156.71 (C6), 155.04 (C4b), 137.01 (C7), 119.3 (C8), 112.5 (C8a), 108.59 (C2), 104.04 (C5), 

101.98 (C8b), 99.05 (C4), 82.11 (C5'), 79.446 (C3'), 73.47 (C1'), 70.67 (C2'), 73.47 (C4'), 62.04 (C6'), 

33.62 (C2''), 31.77 (C3''), 29.47 (C4'',C5''),29.37 (C6''), 29.18 (C7''), 29.16 (C8''), 28.79 (C9''), 24.81 (C10''), 

22.56 (C11''), 14.42 (C12'') 

 

 luaroyl chloride  Pyridine 

 24   crude   

MeOH  CH2Cl2   6b  0.061  42 % 

yield    ESI-MS 1HNMR, 13CNMR, HMQC  HMBC spectroscopy  

 1   

 

5.2.3.8  cinnamoyl chloride 

 
 

 0.200  (0.47 mmol)  pyridine 6   cinnamoyl chloride 100 

 (0.6 mmol)  24 .   crude 
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  MeOH  CHCl3   0.086  

 ESI-MS  NMR spectroscopy 

 

 0.200  (0.5 mmol)  pyridine 6   cinnamoyl chloride 

10  (0.06 mmol)   TLC  3  

   24  

 TLC    

  MeOH/CH2Cl2 

  0.086   ESI-MS  

m/z = 553.1338 (M+H)+  C28H25O12  1  

 33 % yield  NMR spectroscopy  

  

IR (CH3OH, cm-1): 3413 (b), 2924, 1714, 1621, 1473, 1296, 1195, 1153, 1079, 822, 766, 572 
1H NMR (400 MHz, CD3OD) 7.90 (d, J = 15.9 Hz, 1H, H3’’), 7.82 (s, 1H, H8), 7.68 (m, 2H, H5’’. 

H9’’), 7.44 (m, 3H, H6’’, H7’’ H8’’), 6.90 (s, 1H, H5), 6.79 (d, J = 15.9 Hz, 1H, H2’’), 6.36 (s, 1H, H4), 4.75 

(m, 1H, H1’), 4.15 (m, 1H, H2’), 3.87 (dd, J = 1.8, 12.0 Hz, 1H, H6’a),  3.78 (m 1H, H6’b), �3.42 (m, 1H, 

H4’), 3.47 (m, 3H,  H3’, H4’, H5’)  
 13CNMR (100 MHz, CD3OD) 179.62 (CO), 165.2 (C1''O), 163.1 (C3) ,161.2 (C1), 161.97 (C6), 

156.66 (C4a), 155.34 (C4b), 146.98 (C3''), 136.93 (C7), 131.03 (C7''), 128.73 (C5'',C9''), 128.16 (C6'', C8''), 

144.91 (C4''), 118.75 (C8), 115.56 (C8a), 117.22 (C2''), 108.46 (C2), 107.78 (C5), 101.55 (C8b), 93.82 

(C4), 82.2 (C5'), 78.77 (C3'), 73.97 (C1'), 71.2 (C4'), 70.39 (C2''), 61.45 (C6')  

 

 cinnamoyl chloride  Pyridine  

  24   TLC 

  cinnamoyl chloride  

 TLC  

   crude  

  MeOH/CH2Cl2  6c 

  0.086   ESI-MS  m/z 

= 553.1338 (M+H)+  C28H25O12 33% 

 NMR spectroscopy 1HNMR 13CNMR, HMQC  HMBC  

  monoacylation   

 

5.2.3.9  substituted cinnamoyl chloride 

  TI   –OH  cinnamoyl 

   cinnamoyl 
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   (electron donating group)  

(electron withdrawing group)   

  cinnamoyl 

  

 

1.  p-Cl cinnamoyl chloride 

 
  

 0.100  (0.23 mmol)  pyridine 6   p-Chlorocinnamoyl chloride 

0.06 g  (0.28 mmol)  24    crude 

 MeOH  CHCl3   0.062  

 ESI-MS  NMR spectroscopy 

 

 

 0.1000  (0.23 mmol)  pyridine 6   p-

Chlorocinnamoyl chloride 0.06  (0.28 mmol)  

 TLC   24   

TLC    

  crude   MeOH  CHCl3  0.062 

  ESI-MS  609.1976 (M-H)  C28H23ClNaO12 

 1   45 %  NMR 

spectroscopy    

IR (CH3OH, cm-1): 3437 (b), 1634 (b), 1455, 1216, 1032, 1015, 748, 687 
1H NMR (400 MHz, DMSO-d6) 13.66 (s, 1H, OH1), 11.3-10.9 (bs, 2H, OH) 7.88 (d, J = 8Hz, 

2H, H5'', H9''), 7.86 (d, J = 16 Hz, 1H, H3''), 7.7 (s, 1H, H8), 7.54 (d, J = 8 Hz, 2H, H6’', H8''), 6.90 (s, 1H, 

H5), 6.94 (d, J = 16 Hz, 1H, H2’’), 6.47 (s, 1H, H4), 4.90 (bs, 2H, OH), 4.6-4.5 (m, 2H OH), 4.59 (d, J = 

9.5 Hz, 1H, H1’), 4.12 (m, 1H, H2’), 3.78 (m, 1H, H6’a), 3.45 (m, 1H, H6’b), 3.5 - 3.0 (m, 3H, H3’, H4’ H5’)  
13CNMR (100 MHz, DMSO-d6) 179.25 (CO), 165.2 (C1''O), 164.98 (C3), 162.34, (C1), 161.97 

(C6), 156.67, (C4a), 155.26 (C4b), 145.39 (C3''), 142.1 (C7), 130.87(C5'’, C9’), 129.53 (C6'', C8'')  127.00 
(C4'’)  129.53, (C7’'), 118.34 (C5), 118.31 (C8), 118.31 (C2''), 108.46 (C2), , 115.56, (C8a), 101.55 (C8b), 

94.18 (C4), 82.09, (C5'), 79.50, (C3'), 73.47, (C1'), 71.08 (C4'), 70.62, (C2'), 61.97, (C6') 
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 p-Cl-cinnamoyl chloride  Pyridine 

   24   TLC 

    

 MeOH/CH2Cl2  6d 

  0.062   ESI-MS  

609.1976 (M-H)  C28H23ClNaO12  1  

 45 %  NMR spectroscopy  

 NMR spectroscopy 1HNMR 13CNMR, HMQC  HMBC 

   monoacylation  

 

 

 

 

 

2.   o-Cl cinnamoyl chloride 

 

  0.1000  (0.23 mmol)  pyridine 6   o-Chlorocinnamoyl chloride 

0.06  (0.28 mmol)  24    crude 

 MeOH  CHCl3   0.069   

ESI-MS, NMR spectroscopy 

 

 0.1000  (0.23 mmol)  pyridine 6   o-

Chlorocinnamoyl chloride 0.06  (0.28 mmol)  

 TLC  24   TLC  

     crude 

 MeOH  CHCl3   0.069   

 ESI-MS  m/z = 609.052 (M+Na)  C28H23ClNaO12

 1   50   

 NMR spectroscopy  

 

IR (CH3OH, cm-1): 3437(b), 2923, 1737, 1689, 1623, 1469, 1277, 754. 570 
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 1H NMR (400 MHz, DMSO-d6) 13.72 (s, 1H, OH1), 11.3-10.9 (bs, 1H, OH), 8.13 (d, J = 15.6  

Hz, 1H, H3''), 7.81 (s, 1H, H8), 7.61 (d, J = 7.6 Hz, 1H, H6’’), 7.49-7.46 (m, 3H, H7’’, H8’’,H9’’’), 7.73 (s, 1H, 

H5), 7.04 (d, J = 15.6 Hz, 1H, H2''), 6.44 (s, 1H, H4), 4.90 (bs, 2H, OH), 4.6-4.5 (m, 2H OH), 4.59 (d, J 

= 8 Hz, 1H, H1’), 4.12 (m, 1H, H2’), 3.81 (m, 1H, H2’,) 3.78 (m, 1H, H6’a), 3.45 (m, 1H, H6’b), 3.5 - 3.0 (m, 

3H, H3’, H4’ H5’)  
13CNMR (100 MHz, (CD3)2SO) 179.32 (CO), 164.92 (C1''O), 164.59 (C3), 163.12 (C1), 

157.5 (C6), 156.71 (C4a), 155.31 (C4b), 141.45 (C3''), 137.22 (C7), 134.46 (C5'’), 132.85 (C4’'), 131.86 

(C6’’), 130.58 (C7’'), 128.7 (C9'’), 128.24 (C8''), 120.45 (C2''), 119.19 (C8), 111.8 (C8a), 108.55 (C2), 

104.11 (C5), 101.65 (C8b), 94.98 (C4), 82.11 (C5'), 73.49 (C1'), 71.48 (C3'), 71.12 (C4'), 70.65 (C2'), 

61.98 (C6')  

 

 

 o-Chlorocinnamoyl chloride  Pyridine 

   24 

  TLC   

  

 MeOH/CH2Cl2  6e   0.069  

(50% yield)   NMR spectroscopy 1HNMR 13CNMR, HMQC 

 HMBC    monoacylation  

 

3.     p-methoxy cinnamoyl chloride 

 
 

  0.1000  (0.23 mmol)  pyridine 6   p-Methoxycinnamoyl 

chloride 60   (0.06 mmol)  24    crude 

 MeOH  CHCl3   0.060  

 ESI-MS  NMR spectroscopy 

 

 0.1000  (0.23 mmol)  pyridine 6   p-

Methoxycinnamoyl chloride 60  (0.28 mmol)  

 TLC  3    
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 24   TLC   

   crude   

MeOH  CHCl3   ESI-MS  

m/z = 581.282 (M-H)  C29H25O13  44 (0.060 )  

IR (CH3OH, cm-1): 3437(b), 1633, 1513, 1172, 1033, 1014, 749, 612 

  NMR spectroscopy  
 1H NMR (400 MHz, DMSO-d6) 13.61 (s, 1H, OH), 11.3-10.9 (bs, 1H, OH), 7.85 (d, J = 16 Hz 

1H, H3’’), 7.79 (d, J = 8.4 Hz, 2H, H5’’) 7.72 (s, 1H, H8), 7.10 (s, 1H, H5), 7.02 (d, J= 8.4 Hz, 2H, H6’’) 

6.75 (d, J = 16 Hz 1H, H2’’), 6.51 (s, 1H, H4), 4.91 (bs, 2H, OH), 4.6-4.5 (m, 3H OH), 4.59 (d, J = 9.5 

Hz, 1H, H1’), 4.12 (m, 1H, H2’), 3.88 (s, 3H, OCH3), 3.87 (m, 1H, H6’a), 3.73 (m, 1H, H6’b), 3.3 - 3.0 (m, 

3H, H3’, H4’ H5’)  
13CNMR (100 MHz, DMSO-d6) 179.25 (CO), 165.2 (C1''O), 164.98 (C3), 162.34, (C1), 161.97 

(C6), 159.89 (C7'')156.67, (C4a), 155.26 (C4b), 146.79, (C3'') 142.1 (C7), 131.03 (C5'', C9''), 127.00 (C4'') 

120.90, (C8), 115.56, (C8a), 114.96, (C8'', C6''), 114.58 (C2''), 108.46 (C2), 104 (C5), 101.55 (C8b), 94.18 

(C4), 82.1, (C5'), 79.5, (C3'), 73.48, (C1'), 71.11 (C4'), 70.62, (C2'), 61.97, (C6'), 55.86 (OCH3) 

 

  p-Methoxycinnamoyl chloride  Pyridine 

   24  

 MeOH/CH2Cl2  6f  

  0.060  (44% yield)   NMR spectroscopy 1HNMR 
13CNMR, HMQC  HMBC   monoacylation  

5.2.4.    

 

  

  

  

 

 

1.   5    0.5   

 

2.  paraffin oil  5   

paraffin oil 5    

3.      5   

 DMSO, MeOH, CHCl3  5    

 

  3.8 
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  3.8    

 

  /  

  - 

   2 

   0.2 

   0.5 

methoxy    

O-hexyl    

O-allyl    

O-benzyl   - 

acetyl   - 

octanoyl    

luaroyl    

cinnamoyl mangifein  - 

p-OMe Cinnamoyl mangifein  - 

p-Cl Cinnamoyl mangifein  - 

o-Cl Cinnamoyl mangifein  - 

 paraffin oil  

 3.9 

 3.9   oil   

 

 

 oil 

 

CHCl3 

 

MeOH 

 

DMSO 

     

      

      

     ** 

O-Methoxy      

O-hexyl      

O-allyl     ** 

O-benzyl       

acetyl     **  

octanoyl      

luaroyl      
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cinnamoyl mangifein   *  

p-OMe cinnamoyl 

mangifein 

  ** **  

p-Cl cinnamoyl 

mangifein 

  ** ** 

o-Cl cinnamoyl 

mangifein 

  ** ** 

*   

**  DMSO   

 

 

 , 

    

  MeOH  DMSO 

 oil  DMSO  

   

(OR)  (benzyl, -CH2C6H5 )   MeOH  

 DMSO   octanoyl, lauroyl, 

cinnamoyl, p-OMe cinnamoyl, p-Cl cinnamoyl  o-Cl cinnamoyl 

 protic solvent  DMSO 

 non polar   oil  acetyl 

 –OH 

  cinnamoyl 

   

   

 

5.3  antiherpes    

 herpes simplex virus (HSV) 

 HSV 

  acyl  

alkoxy  

 

 antiherpes  

 

1. Herpes simplex virus type 1 strain F (HSV-1F) 

2. Vero cell  
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1. 70% alcohol 

2. 96-well plate 

3. 24-well plate 

4. Crystal violet 

5. Minimum Essential Medium (MEM) 

6. Trypsin-EDTA 

7. 0.05 M Phosphate buffer saline (PBS), pH 7.4 

8. Overlay medium 

9.  Rocking platform  

10. CO2 incubator 

11. Micropipette 

12. Pipette tip 

13. Flask T-25 cm2 

5.3.1  Vero cell  

 

1.  MEM medium 

 

 Methoxy mangifein p-OMe Cinnamoyl mangifein p-Cl Cinnamoyl 

mangifein  o-Cl Cinnamoyl mangifein  1.0 - 9.77x10-4 mg/ml  

mangifein, sodium mangifein  potassium mangifein calcium mangifein, O-allyl mangifein, 

Acetyl mangifein  O-Hexyl   2.0 - 1.95 x10-3 mg/ml  O-benzyl 

mangifein octanoyl mangifein  lauroyl mangifein  3.0 - 2.93 x 10-4 mg/ml 

2.  96   100 l  4  

 

 cell suspension  3 × 105 cells/ml   100 

l  MEM 100 l  

3.  37 C  CO2 incubator  3  

 

 

4.  96   0.1% (w/v) crystal violet 

 

 20  

5.   CD50 

5.3.2  HSV-1 
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1.  Vero cell  24   

 

 300 l 

2.  50-100 plaque  100 l 

 

  rocking platform  1  

3.  (  CD50) 

  

200 l (  4 ) 

 3.10  medium 200 l  
 

 3.10 

 HSV-1 

  (mg/ml) 

 500-750 

  500-750 

  500-750 

  50-250 

Hexyl  50-250 

O-allyl  50-250 

acetyl  50-250 

o-Cl Cinnamoyl mangifein 30-100 

p-Cl Cinnamoyl mangifein 30-100 

O-Methoxy  25-150 

octanoyl  20-50 

luaroyl  20-40 

p-OMe Cinnamoyl mangifein 15-150 

Cinnamoyl mangifein 5-30 

O-benzyl  5-20 

4.  overlay medium  300 l   37 C  CO2 incubator  

2-3  

 

5.  medium   0.1% (w/v) crystal violet 

 

 20  

6.   plaque   
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  plaque forming unit/ml (PFU/ml) 

 

 HSV-1F  

3.17  

 (Vero cells)  CD50 

     host 

  6  

   CD50    

 (  3.15  3.11) 

 alkoxy   methoxy, O-benzyl, O-allyl,  O-hexyl 

  O-benzyl   vero cells   

 21   methoxy 

  10  

 O-hexyl  O-allyl  

 1.3   3.15  3.11  acyl  

 acetyl, octanoyl, lauroyl  cinnamoyl   cinnamoyl 

 vero cells   cinnamoyl  

 21   benzyl   lauroyl  

octanoyl   10   acetyl 

 vero cells  1.3   

 chloro  methoxy  cinnamoyl  

  4-chlorocinnamoyl  2-

chlorocinnamoyl   CD50  178.25 g/ml   

 5   methoxy cinnamoyl 

  10   3.15  3.11 

 HSV-1 strain F   

 

 plaque reduction assay 

  Vero cells  

CD50  3.11  3.16  ED50  650 

g/ml   

ED50  15-650 g/ml  

 HSV-1 strain F   3.16  
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MGF Na K Ca MeO Hexyl Allyl Benzyl Acetyl Octanoyl LauroylCinnamoyl 4-Cl 2-Cl 4-MeO acyclovir

C
D

50
 (u

g/
m

l)

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

Unmodified
Salt
Alkyl
Acyl
Modified acyl
Acyclovir

 
 3.15  CD50    acyclovir  

vero cells 

MGF Na K MeO Benzyl Acetyl Octanoyl Cinnamoyl 4-Cl 2-Cl 4-MeO Acyclovir

ED
50

 (u
g/

m
l)

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

Unmodified
Salt
Alkyl
Acyl
Modified acyl
Acyclovir

 3.16  ED50    acyclovir  

HSV-1 strain F 

 

 3.11  HSV-1 strain F   
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  CD50  

( g/ml) 

ED50* 

( g/ml) 

TI 

(CD50/ED50

) 

  

O

O
OH

OHHO

OH
O

OH

H
HO

H

H
CH2OH

H
H

HO  
1 

948.70 650.03 1.46 

   

 

948.70 650.25 1.46 

   

 

1,066.97 650.36 1.64 

   

 

158.88 ND** ND 

 

***  
 

ND ND ND 

Methoxy   

 

89.13 100.29 0.89 

O-hexyl  

 

711.31 ND ND 

O-allyl   

 

711.31 ND ND 

Benzyl  

 

44.77 20.00 2.24 

Acetyl  

 

711.31 250.00 2.85 

Octanoyl  
  

 6a R = C(O)C7H15 

89.34 30.00 2.98 

 3.11 ( )  HSV-1 strain F   

    



42 
 

  CD50  

( g/ml) 

ED50* 

( g/ml) 

TI 

(CD50/ED50

) 

Lauroyl  
 

6b R = C(O)C11H23 

89.34 ND ND 

Cinnamoyl  
 

6c R = C(O)CH=CHC6H5 

44.77 15.00 2.99 

4-Chlorocinnamoyl 

  
6d R = C(O)CH=CHC6H4(p- Cl)  

178.25 70.00 2.55 

2-Chlorocinnamoyl  

  
6e R = C(O)CH=CHC6H4(o-Cl) 

178.25 60.00 2.97 

4-methoxylcinnamoyl  

  
6f  R = C(O)CH=CHC6H4(p-OMe) 

89.13 100.68 0.88 

acyclovir  1004.69 1.50 669.79 

*  ED50  %  HSV-1F  (  2 ),  

** ND:  %  HSV-1F  50% 

***  

 
 

  

( )   750 g/ml ( )    750 g/ml 

  

( )    750 g/ml ( )    250 g/ml 

 3.17  HSV-1F   ( )  

 ( - )  acyclovir ( )  ( ) 

  

( )Methyl   150 g/ml  ( )O-allyl   250 g/ml  

  

( )Benzyl   20 g/ml ( ) O-hexyl   250 
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g/ml 

  

( )  Acetyl    250 

g/ml 

( ) Cinnamoyl   30 

g/ml 

  

( )Octanoyl   50 g/ml ( )Lauroyl   40 g/ml 

                  

( )   2-Chlorocinnamoyl   

100 g/ml 

( )   4-Chlorocinnamoyl   

100 g/ml 

  

( ) 4-methoxylcinnamoyl   

150 g/ml 

( )   Acyclovir  1.5 g/ml 

  

( )      

 

 3.17 ( )  HSV-1F   ( )  

 ( - )  acyclovir ( )  ( ) 

 

 

 HSV-1 strain F  (  3.11)  HSV-1 

 alkyl  ED50  O-benzyl 

  20 g/ml  methoxy  ED50  100.29 g/ml 

 HSV-1   O-hexyl 

 O-allyl  HSV-1  50% (  3.11)  

ED50  acyl  

cinnamoyl  HSV-1 strain F  ED50  cinnamoyl 

 43  

  octanoyl  ED50  22   acetyl 

 ED50  250 g/ml  2.6  (  3.16  3.11)  

plaque reduction (  3.17)  lauroyl 

 HSV-1   cinnamoyl  

 chloro  metoxy  o-Cl-cinnamoyl   ED50  cinnamoyl 

   4   p-Cl-cinnamoyl   p-OMe-cinnamoyl   

ED50  4.6  6.6   
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MGF Na K MeO Benzyl Acetyl Octanoyl Cinnamoyl 4-Cl 2-Cl 4-MeO

Th
er

ap
eu

tic
 In

de
x 

(T
I)

0.0

.5

1.0

1.5

2.0

2.5

3.0

3.5

MGF
Salt 
Alkyl
Acyl
Modified Acyl

 
 

 3.18  TI    

 

 

  therapeutic index (TI) 

 CD50  ED50 

 HSV-1 strain F  3.11  TI 

 1.46   TI  0.885-2.985 

 3.18    TI  

 O-benzyl  alkoxy  TI 

  1.5   TI  acyl 

 cinamoyl  HSV-1 

strain F   TI  2.99  TI  2   octanoyl 

  TI  2.98 (  3.11)  chloro 

 cinamoyl   o-Cl-

cinnamoyl   TI  2.97  p-Cl-cinnamoyl   TI  2.55 

 p-OMe-cinnamoyl  TI  cinamoyl  3.8   
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 HSV-1 strain F 

 14   TI 

 

 HSV-1 strain F  

    

 acyl 

  cinamoyl   octanoyl  TI   lauroyl 

  HSV-1 strain F  

 alkoxy  methoxy, O-allyl  O-hexyl 

 HSV-1 strain F  O-benzyl  benzyl 2 

  HSV-1 strain F  

 chloro  cinnamoyl  

   chloro  

HSV-1 strain F   chloro  cinnamoyl 

  ED50  HSV-1   methoxy 

 cinnamoyl  HSV-1    

 antiherpes  

 acyl  alkoxy   

 HSV-1  

    carbon 

 alkyl   HSV-1  benzyl  

  acyl 

  cinnamoyl  

  carbon 

   

HSV-1  envelope 16  HSV  

 electron releasing group  OMe  cinnamoyl  para 

 electron withdrawing group  Cl  cinnamoyl   

para  HSV-1  cinnamoyl 

 HSV-1   OMe  para  electron 

withdrawing group  Cl  cinnamoyl  ortho 

 HSV-1  cinnamoyl  p-Cl cinnamoyl 

  HSV-1 strain F 

 carbon  
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5.4  Topoisomerase II  

 

Herpes simplex viruses  HSV  (linear double-

stranded DNA)  120-230 Kbp HSV  (host) 

 (replication)  topoisomerase (topo) I  II, DNA ligase I  DNA polymerase-

primase  topoisomerase I  II 

 HSV  acyclovir  topoisomerase  (unwinding) 

 (re-ligation)   (DNA repair) 

 (transcription)  topoisomerase 

 

  human Topoisomerase II  

  

 

 

-  

1. Eukaryotic Topoisomerase II Drug Screening Kit (  TopoGEN, Inc, USA) 

2. Human Topoisomerase II  (Sigma aldrich, USA) 

3. Agarose  

4. Ethidium bromide  

5. Tris-base  

6. Boric acid 

7. Ethylenediaminetetraacetic acid (EDTA) 

8. Sodium dodecyl sulfate (SDS) 

9. Protinase K 

10. Linear polyacrylamide 

11.  

12. Chloroform 

13. Isoamyl alcohol 

14. 3 M Sodium acetate buffer 

 

-  

1. Agarose gel electrophoresis apparatus 

2. Power supply 

3. Microcentrifuge  

4. Microcentrifuge tube 
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5. Micropipettes 

6. Yellow tips 

7. Blue tips 

8. UV transiluminator  Image analyzer 

9. Thermal dry bath 

 

 

1.  Topoisomerase II   

 

  human Topoisomerase II     

  topoisomerase II   Eukaryotic 

Topoisomerase II Drug Screening   3.12 

 3.12  Eukaryotic Topoisomerase II Drug Screening 
 

  

Supercoiled DNA [pHOT1]  25 g 

Linear pHOT1 DNA  25 g 

10X Topoisomerase II assay buffer  500 l 

Sodium dodecyl sulfate (SDS) 10% (w/v) 

10X Gel loading buffer 200 l 

Etoposide (positive control) 100 l 
 

  topoisomerase II   

 20 l  

 3.13  topoisomerase II   20 l 

 

  ( l) 

10X Topoisomerase II assay buffer  2 

Supercoiled pHOT1 DNA  1 

Purified human topoisomerase II  (4-6 Units) 2 

1 mM   

 positive control  etoposide (VP16)  

2 

H2O sterile  13 

  

 3.13  microcentrifuge  1.5 ml 

  37 C  15-30 
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  2 l  SDS (10% w/v)  Proteinase K 

 50 g/ml  37 C  15  

 Chroloform : Isoamyl alcohol (24:1)  1 

 13,000 /   10  

 microcentrifuge   6X loading dye  

 topoisomerase II   0.8% (w/v) agarose gel electrophoresis  

 

2.  agarose gel electrophoresis 

  

1. 50X Tris- acetate (TAE) Buffer   (Concentrate stock solution) 

     Tris-base  242 g   deionized   glacial acetic acid  57.1 ml  0.5 

M EDTA   pH 8.0  100 ml  (  EDTA 18.61    deionized  pH  8.0 

 100 ml)   1   50X TAE buffer 

 1 X 

2. Loading buffer (6X Buffer) 

   Bromophenol blue 0.025 g  Glycerol  3 ml  10 

ml  4 C (  1/6 )  

3. Ethidium bromide (  2.5 g/ml) 

Ethidium bromide (Stock solution  10 mg/ml)  250 l  1 L 

 1X TAE Buffer  

  0.8% (w/v) agarose gel  agarose 0.8 g   1X TAE buffer 

 100 ml    Ethidium bromide 

 2.5 g/ml          

0.8 cm    (comb)  (  

  chamber     1X TAE Buffer 

)   

  Loading buffer  

  agarose gel   45   

Bromophenol  blue   2/3   

 UV transilluminator   

 

 topoisomerase II      

  human topoisomerase II   agarose gel 

electrophoresis  Eukaryotic Topoisomerase II Drug Screening 

 human topoisomerase II   cleavable 
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complexes  human topoisomerase II   pHOT1 

 (linear form)  (nick open circular form)  solvent control 

  DMSO   

3.19  

 3.19 lane  4  (relaxed form) 

 (supercoiled form)   DMSO 

 human topoisomerase II   etoposide  VP16 

 human topoisomerase II   (positive control) (  

3.19 lane  1)  (linear form) 

 (circularised  form)   

 human topoisomerase II  

 -   Na, K, Ca, O-Hexyl, Acetyl  O-Allyl  

 100 M  3.19 lane  5-11  ( ) 

  5   human 

topoisomerase II   lane 8  11   

 

 

 

 

 

 

 

 

  

  
 
 
 
 
 

 

 3.19   Agarose gel electrophoresis  pHOT1                    

topoisomerase II  (lane 5)   Na (lane 6), K (lane 7), Ca 

(lane 8), O-Hexyl (lane 9), Acetyl (lane 10)  O-Allyl (lane 11)  etoposide (  VP16)  

positive control (lane 1) 

Linear form

Relaxed form

    DMSO 

-           +  Li
ne

ar
 fo

rm
 D

NA
 

To
po

II 
+ 

VP
16

 

 MGN       Na        K        Ca    O-Hexyl   Acetyl  O-Allyl      

Supercoiled form 

Circularised form 
Linear form 

1        2         3         4         5         6         7        8        9        10       11 
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        human topoisomerase II  

  pET-28a 

 catenated  decatenated (  3.20) 

 human topoisomerase II   catenated  

 agarose gel electrophoresis  

 catenated  

 
 3.20    topoisomearse II catenated 

 decatenated DNA 

  

  human topoisomerase II  

 agarose gel electrophoresis (  3.21)  DMSO 

 human topoisomerase II   (  3.21 A  3.21 B lane 1)  VP16 

  VP16  human topoisomerase II  

 pET28a  catenated  decateneted  (  3.21 A 

 3.21 B lane 4)  human topoisomerase II   

 14   Na, K, Ca, O-Hexyl, Acetyl, O-Allyl, Benzyl, Cinnamoyl, 

Octanoyl, OMe, p-OMe-cinnamoyl, p-Cl-cinnamoyl  o-Cl-cinnamoyl, lauroyl  (in 
vitro assay)  catenated ( )  3.21 A lane  5-11  

3.21 B lane  5-13  catenated ( )  lauroyl 

 plasmid DNA pET-28a  

 900-200 bp  plasmid DNA (  3.21 C lane  8  3.21 

D lane  6-7) 

 

A 

  
  
 
 
 
B 

 
 
 

Linear form 
Catenated form 

Supercoiled form 
Nick open circular 

form 

 MGN       Na         K        Ca      O-Hexyl   

Acetyl   O-Allyl       

To
po

II 
+ 

VP
16

 

Li
ne

ar
 fo

rm
 

DN
A 

1%
   

DM
SO

 

DN
A 

St
d 

1          2          3          4          5         6          7          8         9        10       

11 

Nick open circular forms 
Linear form 

1       2         3         4         5         6        7        8         9       10       11      

To
po

II 
+ 

Li
ne

ar
 fo

rm
 

1%
   

DM
SO

 

DN
A 

St
d 

 MGN O-Allyl   Benzyl  Cinamoyl   Octa    Methyl    p-Met   p-Chloro  o-

Catenated form 

Supercoiled form
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 3.21  Agarose gel electrophoresis  pET-28a  

human topoisomerase II   etoposide (VP16)  positive control 

 (A) Na, K, Ca, O-Hexyl, Acetyl  O-Allyl (B) Benzyl, Cinnamoyl, 

Octanoyl, Methoxy, p-Methoxycinnamoyl, p-Chlorocinnamoyl  o-Chlorocinnamoyl (C)  (D) 

lauroyl                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3.21 ( ) Agarose gel electrophoresis  pET-28a 

 human topoisomerase II   etoposide (VP16)  positive control 

 (A) Na, K, Ca, O-Hexyl, Acetyl  O-Allyl (B) Benzyl, Cinnamoyl, 

Linear form 

Catenated form  

Supercoiled form
Nick open circular form 

MGN     Na        K        Ca      O-Hexyl   Acetyl   O-Allyl       To
po

II 
+ 

VP
16

 

Li
ne

ar
 fo

rm
 D

NA
 

1%
   

DM
SO

 

DN
A 

St
d 

1          2        3          4          5         6          7         8         9        10         11 

C 

1      2     3       4     5     6      7     8 

1%
   

DM
SO

 

Li
ne

ar
 D

NA
 

DN
A 

st
d 

To
po

II+
VP

16
 

MGN  LaurylpE
T-

28
 p

la
sm

id
 

M 

Catenated form  

Nick open circular 

forms Supercoiled form 

DNA break 

 21226  

bp  

5148  
4973  
3530 

2027  
1904  
1375  

947  
831  

D 

1      2     3       4     5     6      7  

M pE
T-

28
 p

la
sm

id
 

Li
ne

ar
 D

NA
 

VP16   MGN    -       +  Topo 

Lauryl 

Catenated form  

Nick open circular 

forms 
Supercoiled form 

DNA break 

 21226  

bp  

5148  
4973  
3530 

2027  
1904  
1375  

947  
831  
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Octanoyl, Methoxy, p-Methoxycinnamoyl, p-Chlorocinnamoyl  o-Chlorocinnamoyl (C)  (D) 

lauroyl                      

  

  14  

 human topoisomerase II   (  luaroyl 

 DNA  DNA   3.21 C  D)  

topoisomerase II    

(  intercalating agent)  topoisomerase II   (  non-

intercalating agent)   DNA-unwinding 

assay  
 

  DNA-unwinding Assay  

  topoisomerase II   2    1 

 topoisomerase II    

intercalator   (re-ligation) 

  2  topoisomerase II    non-

intercalator  DNA-

unwinding assay  T4 DNA ligase  

phosphodiester  5 - phosphate  3 - hydroxyl  (linear form) 

 intercalating agent  

  

 

 DNA-unwinding assay  

1.  pET-28a  

 (linearized DNA)  pET-28a  

pET- 

28a  EcoRI  (sticky end) 

  1% (w/v) agarose gel electrophoresis 

 ethidium bromide  TAE buffer 

2.   pET-28a  EcoRI  phenol  

 100%   EcoRI 

 

 DNA-unwinding assay 

3.  DNA-unwinding  3.13  20 l  

 

  3.14  DNA-unwinding assay  20 l 
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   ( l) 

 pET-28a/ EcoRI (1 -2 g) 3 

Sterile deionised water 12.5 

10X T4 DNA ligase buffer 2 

 (1 mM) 2 

T4 DNA ligase 0.5 

 20 

 

  3.14 

 microcentrifuge   16 C  30   

 65 C  15   activity  T4 DNA ligase  

4.  100 l  

 

 Chloroform:Isoamyl alcohol (  24:1)  1  

 vortex  10   13,000   10   

5.   microcentrifuge  1.5 ml  

 

   250 l 

6.  13,000   10   70% (v/v)  

  Sterile deionized water 

7.  1.0% (w/v) agarose gel electrophoresis 

 

 UV transiluminator 

 

 

  

   DNA-

unwinding assay 

  pET-28a  EcoRI 

  pET-28a  agarose gel electrophoresis (  3.21) 

 pET-28a  EcoRI  (

 3.22 lane  2)  5 Kb   

 

                                                                        

 

 Circularised form       

Linear form       

 21226  

bp  

5148  
4973  
3530 

 M      1        2      
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 3.22 Agarose gel electrophoresis  pET-28a  EcoRI 

  DNA  HindIII  EcoRI (lane M), lane 1: pET-28a  EcoRI  Lane 2: 

 pET-28a  
 

  T4 DNA ligase  pET-28a 

 EcoRI  DNA-

unwinding assay  3.23 A  B  DMSO  VP16  

(negative control)  T4 DNA ligase (  3.23 A lane  3  6 

 3.23 B lane  3  7)  circularised (circularised form) 

 ( )  ethidium bromide (EtBr)  intercalating agent 

 (positive control)  EtBr  T4 DNA ligase  EtBr 

 pET-28a  linear 

 3.23 A lane  4  5  3.23 B lane 5  6     

   Na, K, Ca, O-hexyl, acetyl, O-allyl, O-benzyl, cinnamoyl, octanoyl, methoxy, p-

OMe-cinnamoyl, p-Cl-cinnamoyl  o-Cl-cinnamoyl  

1 mM  Na, K, Ca, O-hexyl, acetyl, O-allyl, O-Benzyl, cinnamoyl, octanoyl, 

methoxy, p-Cl-cinnamoyl  o-Cl-cinnamoyl 

 T4 DNA ligase  T4 DNA ligase  

 circularised  3.23 A lane  7-13  3.23 B lane  8-13  15-16 

 p-OMe-cinnamoyl (  3.23 B lane  14) 

 T4 DNA ligase  

 (Linear form)  ethidium bromide 

 3.15  T4 DNA ligase 

  human topoisomerase II   DNA-unwinding assay 

  

 HSV   
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A 

 

  

 

 

 

 
 

 

DN
A 

St
d 

VP16  MGN    Na      K         Ca    O-Hexyl  Acetyl O-Allyl       

Circularised form 

Linear form 
Supercoiled form

DN
A 

St
d 

1%
 D

M
SO

 

 C
on

tro
l 

 5
0 

M
 E

tB
r 

 1
0 

M
 E

tB
r 

1        2       3       4      5               6       7     8       9      10     11      12     13 

pE
T-

28
a 

lin
ea

riz
ed

 

pE
T-

28
a 

+ 
lig

as
e 

1        2        3       4       5        6       7       8        9      10     11      12      13      14 

1%
 

DN
A 

St
d 

10
 

M
 

50
 

M
 

Circularised form 

Linear form 

Supercoiled form

 VP16 MGN O-Allyl Benzyl Cinn Octa  Methoxyp-OMe p-Cl  o-Cl     

DN
A 

St
d 

VP16  MGN    Na      K         Ca    O-Hexyl  Acetyl O-Allyl       

Circularised form

Linear form 
Supercoiled form 

DN
A 

St
d 

1%
 D

M
SO

 

 C
on

tro
l 

 5
0 

M
 E

tB
r 

 1
0 

M
 E

tB
r 

1        2       3       4      5               6       7     8       9      10     11      12     13 

pE
T-

28
a 

lin
ea

riz
ed

 

pE
T-

28
a 

+ 
lig

as
e 

1%
 D

M
SO

 

DN
A 

St
d 

10
 

M
 

Et
Br

 
50

 
M

 E
tB

r 

 VP16   MGN O-Allyl   Benzyl Cinamoyl Octa  Methyl  p-Met  p-Chloro  o-Chloro     
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B 

 

 

 

 

 

 

 

 

 

 

 

C 

 

 

 

 

 

 

 

 

 

 

 3.23 agarose gel electrophoresis  DNA-unwinding assay    

 T4 DNA ligase  (A) Na, K, Ca, O-Hexyl, Acetyl  O-Allyl  (B) Benzyl, 

Cinnamoyl, Octanoyl, Methoxy, p-OMe-cinnamoyl, p-Cl-cinnamoyl   o-Cl-cinnamoyl (C) Lauroyl 

 1 mM  16 C  30    

 3.15  T4 DNA ligase  

  1 mM  DNA-unwinding assay 
 

DNA-unwinding assay  T4 DNA ligase 
 

non-intercalator Intercalator 

Ethidium bromide (+) - + 

DMSO (- control) + - 

VP16 (- control) + - 

 + - 

-Na+  + - 

pE
T-

28
a 

+ 
lig

as
e 

1        2        3        4       5                6        7       8         9 

pE
T-

28
 p

la
sm

id
 

Li
ne

ar
 D

NA
 

DNA break 

 21226  

bp  

5148  
4973  
3530 

2027  
1904  
1375  
947  
831  

1%
 D

M
SO

 

50
 

M
 E

tB
r 

 VP16      +           -    ligase   

 lauroyl  

Circularised form 
Linear form 
Supercoiled form 
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-K+  + - 

-Ca2+  + - 

O-Hexyl  + - 

acetyl   + - 

O-Allyl  + - 

O-Benzyl  + - 

Cinnamoyl  + - 

Octanoyl  + - 

Methoxy  + - 

p-OMe-cinnamoyl  - + 

p-Cl-cinnamoyl  + - 

o-Cl-cinnamoyl  + - 

o-Cl-cinnamoyl  +* - 

                      +  = non-intercalator 

                      -   = intercalator 

                      *   = DNA break 
  

 

 topoisomerase II    

   Na, K, Ca, O-hexyl, acetyl, O-allyl, O-benzyl, cinnamoyl, octanoyl, methoxy, p-OMe-

cinnamoyl, p-Cl-cinnamoyl o-Cl-cinnamoyl  luaroyl  eukaryotic topoisomerase II drug 

screening kit   

topoisomerase II    

 topoisomerase II  (topoisomerase II 

poisons)  DNA-unwinding Assay  , 

Na, K, Ca, O-Hexyl, Acetyl, O-allyl, O-benzyl, cinnamoyl, octanoyl, methoxy, p-Cl-cinnamoyl o-Cl-

cinnamoyl  luaroyl   non-intercalator 

 non-intercalator  

topoisomerase II    

topoisomerase II   surface plasmon resonance assay  

 p-OMe-cinnamoyl   topoisomerase II   

intercalator  p-Methoxycinnamoyl  

 (re-ligation)    
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       ………………………………… 

( . .  ) 

             15   2555 
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 3 
 

 
 herpes viruses 

   oil 

  

  xanthone  

   

 herpes viruses  

 topoisomerase  herpes 

simplex  

 intercalators 

 herpes viruses   

 3 

   (A)    (B) 

  ,   (C)  OH  xanthone 

,        (  3.1)  

 

O

O
OH

OHHO

OH
O

OH

H

HO
H

H
CH2OH

HH

HO

O

O
OR2

OR3R1O

OHO
OH

H

HO
H

H
CH2OH

HH

HO

R1, R2, R3 = (CH2)n
X R1

R2

n

M+

A

O

O
OH

OHHO

OH
O

OH

H

HO
H

H
CH2OH

HH

HO
O

O
OH

OHHO

OH
O

OR3

H

R4O
H

H
CH2

HH

R2O

OR1

R1, R2, R3, R4 =H, PO4 , C

O

(CH2)n C

O

OH n = 1- 4

B

C

, ,  
  

 3.1   
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3.1  

  

  

 

 

1.  

2.   

 

1.  (Magnetic stirrer) Fisher Scientific, United State America 

2.  (Balance) 2 , Sartorius, Germany 

3.  (Rotary Evaporator), Buchi B-171, 

Switzerland 

4.  (Nuclear Magnetic Resonance), Bruker 400 MHz, 

Germany 

5.  95%  (C2H5OH), Commercial Grade  

6. Acetic acid (CH3COOH), Glacial Grade, Lab Scan, Thailand 

7.  Mangiferin from Mangifera indica bark 98% (Sigma-Aldrich) 

 

   3 

    

  (crystallization)   

1.  

  

    

2.  

 300    95%   2  

( )   

  

 95%    

3.   (crystallization) 

   50%  

 70 C  30    

  

 1      

50%  ( )   
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 50%   50%  

     Nuclear 

Magnetic Resonance spectroscopy (NMR)  

 

 

   95 %    

  

  95%  

   50 %  

  50%   

 20.67   7   300  

   NMR spectroscopy 

  1H NMR Spectrum (  3.2)  13C NMR 

Spectrum (  3.3)    

 1H NMR (400 MHz, DMSO-d6)   7.37 (s, 1H, H8), 6.85 (s, 1H, H5), 6.36 (s, 

1H, H4)   4.84 –3.10 ppm   

 13C NMR (100 MHz, DMSO-d6)   179.56 (CO), 164.3 (C3), 162.26 (C1), 

156.68 (C4a), 154.48 (C6), 151.24 (C4b), 144.19 (C7), 112.19 (C8a), 108.54 (C8), 108.09 (C2), 103.09 

(C5), 101.77 (C8b), 93.78 (C4), 82.05, (C5'), 79.46 (C3'), 73.55 (C1'), 71.11 (C4'), 70.70 (C2'), 61.96 (C6') 

 

 
 

 3.2 1H NMR spectrum  

8 5 4

O OH

OH
O

HO

OH

O
OH

HO HO

HO

a

bc 54

8 
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 3.3 13C NMR spectrum  

 

 

  95 %   50% 

   50%  

    21.22   7 

  HPLC 

  Retention time   6.8  

 1H NMR spectroscopy  (  3.4) 

 

 7.37 - 6.36 ppm   

(isomangiferin)  1HNMR  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

O OH

OH
O

HO

OH

O
OH

HO HO

HO

a

bc 54

8 
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 3.4 1H NMR spectrum   

3.2    

 

 

1. ,  

2.  

 

1.  (Magnetic stirrer) Fisher Scientific, United State America 

2.  (Balance) 4 , Sartorius, Germany 

3.  (Rotary Evaporator), Buchi B-171, 

Switzerland 

4.  (Nuclear Magnetic Resonance), Bruker 400 MHz, 

Germany 

5. UV-spectrometer, Perkin-Elmer 

6.  Ethy acetate, Commercial Grade 

7. Dicloromethane, CH2Cl2, commercial grade  

8. Dmethyl formamide, C3H7NO, Labscan 

9. 2-methyl-2-butanol, commercial grade 

10. NaHCO3, 98%, Fluka 

11. K2CO3, 98%, Fluka 

8 5 4

O OH

OH
O

HO

OH
Glu a

bc

Mangiferin
O OH

OH
O

HO

OH
Isomangiferin

Glu

5 4 

8



6 
 

12. DMSO-d6, 98% Wilmard 

13. DMSO, 98%, Fluka 

14. 95%  (C2H5OH), Commercial Grade 

15. CHCl3, Commercial Grade 

16. ,  

17. CaCl2,2H2O, Commercial Grade 

18. Acetone, commercial grade 

19. Vinyl acetate, 98%, Sigma Aldrich 

20. Lipase , Novozyme 435, Sigma Aldrich 

21. Vinyl palmitate, 13 

22. Dimethyl sulphate, 98%, Fluka 

23. Methyl iodide, 98%, Sigma Aldrich 

24. Cinnamoyl chloride, 98% Sigma Aldrich 

25. Benzyl chloride, 98%, Sigma Aldrich 

26. Acetic anhydride, commercial grade 

27. Silica gel g 60, Merck, Germany 

28. Lipase B acrylic resin from Candida Antarctica:  Novozyme 435, Sigma Aldrich 

29. Lipase B Candida antarctica immobilized on Immobead 150, recombinant from 

Aspergillus oryzae  
30. Vinyl laurate,  

31. Methyl iodide, 98%, Sigma Aldrich 

32. Allyl bromide, 98%, Sigma Aldrich 

33. 1-bromohexane, 98%, Sigma Aldrich 

34. Octanoyl chloride, 98% Sigma Aldrich 

35. Cinnamoyl chloride, 98% Sigma Aldrich 

36. Benzyl chloride, 98%, Sigma Aldrich 

37. Acetic anhydride, commercial grade 

38. p-methoxy-Cinnamoyl chloride 14 

39. p-Chloro-Cinnamoyl chloride 14 

40. o-Chloro- Cinnamoyl chloride 14 

*  commercial grade   dry    
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3.2.1   

 

  
 

 

   

 

 

1.  

2.  UV  NMR  

 UV  NMR  

 

3.2.1.1   

 

 
 0.132  (0.3 mmol)   1:9 

 2.5     NaHCO3 0.026  (0.3 mmol)  2 )  

 30    : Ethyl acetate  1:1.5 (v/v) 

   60oC  0.130   

 

  0.132     

NaHCO3   : Ethyl acetate 

  60oC  0.130  

(93% yield)   NMR spectroscopy 

 1HNMR (  3.1) 13CNMR (  3.1) 

  HMQC  HMBC  phenoxide –OH  C-6 

 

1 



8 
 

 
 

 3.5 1H NMR spectrum   

 

 1H NMR (400 MHz, DMSO-d6)   7.04 (s, 1H, H8), 6.26 (s, 

1H, H5)  6.21 (s, 1H, H4)  4.61-3.2  

  4.61 (1H, d, J = 9.8 Hz)  beta-glycoside   

 

 
 3.6 13C NMR spectrum   

 
13C NMR (100 MHz, DMSO-d6)   177.64 (CO), 166.06 (C6), 164.66 (C3), 

162.08 (C1), 156.36 (C4a), 154.38 (C4b), 147.32 (C7), 107.32 (C2), 105.48 (C8a), 102.69 (C8),100.85 

(C5), 100.30 (C8b), 93.65 (C4), 81.71 (C5'), 79.58 (C3'),73.92 (C1'), 70.93 (C4'),  70.76 (C2'),  61.72 (C6') 

  

 0.130   93% 

 1H NMR  13C NMR 

 13C NMR  B  6, 4b, 7,8a  8  C6 

  3.1 -

 2D NMR HMQC  HMBC  3.2  phenoxide –OH 

 C-6  HMBC    
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 3.1  13C NMR  

 

C  Na  

CO 179.56 177.64 -1.92 

3 164.30 164.66 0.36 

1 162.26 162.08 -0.18 

4a 156.68 156.36 -0.32 

6 154.48 166.06 11.58 

4b 151.24 154.38 3.14 

7 144.19 147.32 3.13 

8a 112.19 105.48 -6.71 

8 108.54 102.69 -5.85 

2 108.09 107.32 -0.77 

5 103.09 100.3 -2.79 

8b 101.77 100.85 -0.92 

4 93.78 93.65 -0.13 

 

 3.2  2D NMR HMQC, HMBC   

H  (ppm) HMQC C (ppm) HMBC 

(CO)   177.64 (CO)  

C1   162.08  

C2   107.32  

C3   164.66  

C5 5 6.26 (s, 1H) 100.85 C8a, C8b, C7,CO 

C6   166.06  

C7   147.32  

C8 8 7.04 (s, 1H) 102.69 C-8a, C8b, C7, CO 

C4a   156.36  

C4b   154.38  

C8a   105.48  

C8b   100.85  

C4 4 6.21 (s, 1H) 93.65 C3, C4a, C4b, CO 

C1’ 1' 4.61 (1H, d, J = 9.8 Hz) 73.92 C1’, C3’, C2’, C6' 
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3.2.1.2   

 

 
 

 0.422  (1 mmol)  7   3     

 K2CO3 (0.055  0.4 mmol)  27.6 )   

  : CHCl3  7:1 (v/v)    60oC 

 0.448   

 

 

  0.422      

K2CO3    : CHCl3 

  60oC  0.448  (97% 

yield)    NMR spectroscopy  
1HNMR (  3.7) 13CNMR (  3.8)  

 HMQC  HMBC  phenoxide –OH  C-6 
 

 3.7 1H NMR spectrum   
 

1H NMR (400 MHz, DMSO-d6)   7.10 (s, 1H, H8), 6.45 (s, 

1H, H5)  6.26 (s, 1H, H4)  4.58-3.1  

  4.61 (d, J = 9.8 Hz, 1H)  beta-glycoside 

 

 3.8 13C NMR spectrum   
 

C2’ 2' 4.03 (1H, d, J = 9.8 Hz) 70.76 C1’, C3’,  

C3’ 3' 3.16 (3H, m) 79.58 C5’, C4’, 

C4’ 4' 3.16 (3H, m) 70.93 C5' 

C5’ 5' 4.16 (1H, d, J = 9.8 Hz) 81.71 C4’, C6’ 

C6’ 6' 3.4, 3.6 (2H, dd 11.0Hz, 

2.1 Hz) 

61.72 C5' 
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13C NMR (100 MHz, DMSO-d6)   178.10 (CO), 163.90 (C6), 163.90 (C3), 

161.54 (C1), 156.49 (C4a), 153.88 (C4b), 146.39 (C7), 107.05 (C2), 106.89 (C8a), 103.92 (C8), 101.20 

(C5), 101.15 (C8b), 93.75 (C4), 81.41 (C5'), 79.03 (C3'), 73.61 (C1'), 70.60 (C4'), 70.60 (C2'),  61.58 (C6') 

 

 

  

  0.448   97% 
 1H NMR  13C NMR 

 

 B  6, 4b, 7, 8a  8  C6  

 phenoxide  –OH  C-6  

3.2.1.3   

 

 
 0.230  (0.5 mmol)  25   

 CaCl2 0.050  (0.05 mmol)  15    

4oC  3    60oC  0.116    

 

  0.230    CaCl2 0.050  

  30    4oC 

  60oC   0.116  

 53%  

  NMR spectroscopy 

 1H NMR Spectrum    
1H NMR (400 MHz, DMSO-d6) � 7.18 (s, 1H, H8), 6.51 (s, 

1H, H5)  6.31 (s, 1H, H4),  4.59-3.0  

  4.59 (d, J = 9.8 Hz, 1H,)  beta-glycoside   

 

 

 

 



12 
 

13C NMR (100 MHz, DMSO-d6)   178.57 (CO), 164.13 (C6), 162.14 (C3), 

162.14 (C1), 156.46 (C4a), 153.21 (C4b), 146.49 (C7), 108.08 (C2), 107.60 (C8a), 105.08 (C8), 102.5 (C5), 

101.71 (C8b), 93.66 (C4), 82.56 (C5'), 80.20 (C3'), 73.76 (C1'), 70.75 (C4'), 70.03 (C2'),  61.86 (C6') 

 

  53% 

  1H NMR    

chemical shift   upfield  

H5  6  

3.3 

 3.3  chemical shift   

 

 
 

H   

 

   

 

 

 

 

H8 7.37 7.04 0.33 7.10 0.07 7.18 0.19 

H5 6.85 6.26 0.59 6.45 0.4 6.51 0.34 

H4 6.36 6.21 0.15 6.23 0.13 6.31 0.05 

 

3.2.1.4   

  

 Inductively Coupled Plasma Optical Emission 

 

 deionized water  

0.01% (W/V)  Inductively Coupled Plasma Optical Emission Spectrometer, 

Spectro CIROSCCD 

 

 

  Inductively Coupled Plasma Optical Emission 

 3.4 

 3.4  
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  %(w/w)  

 Na K Ca 

 %(w/w) 

 

Na-  3.5 + 0.05 <0.0085 <0.014 5.17 

K-  <0.0015 3.5 + 0.06 <0.014 7.98 

Ca-  <0.0015 1.6 + 0.02 3.3 + 0.2 4.53 

 

 

 

  %  (  
Elemental Analysis)    

 hydrate  

 %   % 

 

  CaCl2   KCl 

  

3.2.1.4  UV spectroscopy 

 

 3   UV  ,    

 

 

1.    3.5 x 10-5 M  

 UV  200-500 nm  

2.     5.2 x 10-5 M  

 UV  200-500 nm  

3.      6.3 x 10-5 M  

 UV  200-500 nm  

4.      3.1 x 10-5 M  

  UV  200-500 nm  

 

   3.11-3.14 

 



14 
 

 
 3.11  UV spectrum  

 
 3.12  UV spectrum    

 

 
 3.13  UV spectrum    

 

 
 3.14  UV spectrum      

 

   UV    

   3.5 

 

 

 

 



15 
 

 3.5  UV ,   

 

 

 

 

 

 

 

 

 

3.2.2   

   B  

   oil 

  

  

  

 (regioselective) 

 

 transesterification 

 

 3.2.2.1  vinyl acetate 

 

 
  1        3 

 

 0.211  (1 mmol)  acetone  5   vinyl acetate 92 

 (1 mmol)  32   3 Å molecular sieves 25  

 40ºC  TLC 

 

 0.211   acetone  5   

vinyl acetate 92   32   3 Å molecular sieves 25  

 40ºC  TLC  2   72   

 TLC   

  Wavelength (nm) 

240 257 317 365 

 20,269.57 17,371.98 7,132.957 11302.7 

  6,283.57 6,080.87 2,695.85 3,200.66 

  8,054.76 7,582.07 3,356.41 4,246.28 

  7,346.73 7,274.87 2,910.60 3,604.44 
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5.2.2.2  vinyl palmitate 

 
1        3 

 

 

 0.063  (0.03 mmol)  2-methyl-2-butanol  5  

 20% dimethylsulfoxide  vinyl palmitate (0.15 mmol) 0.211   125  

 3 Å molecular sieves 125   40ºC  

TLC 

 

 2-methyl-2-butanol  5    0.063  

 20% dimethylsulfoxide    

vinyl palmitate (0.15 M) 0.211   125   3 Å molecular sieves 125 . 

 40ºC  TLC  2   72  

 TLC   palmitic acid  vinyl palmitate  

  

 

  B   vinyl acetate  vinyl 

palmitate  

  

 acetone, DMSO  2-methyl-2-butanol 

  
 

 5.2.2.1    acyl donor   

 

  

  acyl donor  

   –OH  

 

 

 
1        3 
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 0.100  (0.5 mmol)  (acetone, DMSO, 2-methyl-

2-butanol, Butylmethyl immidazolium tetrafluoroborate (BMiMBF4)  5   vinyl acetate 

92  (1 mmol)  vinyl luarate (1 mmol)  32   3 Å molecular sieves 25 

  40ºC  TLC  2   72 

  

 

 0.100  (0.5 mmol)   

acetone  2-methyl-2-butanol   DMSO  Butylmethyl 

immidazolium tetrafluoroborate (BMiMBF4)   

 40ºC  TLC  2   72  

 3.6   

 3.6  

 

 Acyl donor   TLC 

Novozyme 435 vinyl acetate Acetone 

 

Novozyme 435 vinyl acetate 2-methyl-2-butanol 

 

Novozyme 435 vinyl acetate DMSO 

 

Novozyme 435 vinyl luarate 20% 2-methyl-2-butanol /DMSO 

 

Novozyme 435 vinyl acetate Butylmethyl immidazolium tetra 

fluoroborate (BMiMBF4)  

Lipase 

B:Immobead 

vinyl acetate 2-methyl-2-butanol 

 

Lipase 

B:Immobead  

vinyl acetate DMSO 

 

 

 

 acyl donor  

- 

 –OH  

  40oC 
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 40oC  

 acetone  2-methyl-2-butanol   

2-methyl-2-butanol  DMSO  BMiMBF4   

 

5.2.2.2  vinyl acetate  Ultrasound 

irradiations 

 B  

 B  

Ultrasound irradiations 

 

 

1. Ultrasound irradiations  sonic probe 

 0.100  (0.5 mmol)  DMSO 1.25  60oC  Vinyl 

acetate 0.13  (3 mmol) lipase Novozyme 435 0.0076   vial  5   3 Å molecular 

sieves 5   sonicate  ultrasonic probe  100 W  8  

 TLC  

2. Ultrasound irradiations  sonic bath 

 0.100  (0.5 mmol)  DMSO 1.25  60oC  Vinyl 

acetate 0.13  (3 mmol) lipase Novozyme 435 0.0076   vial  5   3 Å molecular 

sieves 5   sonicate  ultrasonic bath  100 W  10  

 TLC   crude product 

 silica gel chromatography (chloroform– , 4:1)  

 

 0.100  (0.5 mmol)  DMSO 1.25  60oC  

Vinyl acetate 0.13  (3 mmol)  lipase Novozyme 435 0.007   sonic probe  100 

W  TLC  4   

  10   TLC  

 

 Vinyl acetate  60oC  

  lipase Novozyme 435 0.0076   ultrasonic bath  100W 

 TLC  4  

  10   TLC  

  crude product  silica gel 

chromatography (chloroform–m , 4:1)   0.005  

 ESI-MS  m/z = 487.0856 (M+Na)+  C20H20NaO11 

 5%  NMR spectroscopy 1H NMR (DMSO-d6, 400 MHz):  
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13.83 (1H, s, 1-OH), 10.40 (3H, bs, 3, 6, 7-OH), 7.36 (1H, s, 8-H), 6.86 (1H, s, 5-H), 6.40 (1H, s, 4-H), 

5.0-4.78 (1H, m, 1’H), 4. 39 (2H, m, 6’-H), 3.85-3.5 (4H, m, 5’, 4’, 3’, 2’H) 2.07 (3H, s, CH3CO2) 2.04 

(3H, s, CH3CO2)  

 DMSO  

 

 Novozyme 435  Lipase B:Immobead 

   DMSO  Butylmethyl 

immidazolium tetra fluoroborate (BMiMBF4)   acetone  2-methyl-2-butanol 

  

 acyl donor   vinyl acetate   vinyl luarate 

  60oC   Ultrasound 

irradiations  ultrasonic probe  ultrasonic bath   ultrasonic 

probe  supporter 

  ultrasonic bath 100 W  10   crude product 

 silica gel chromatography (chloroform: , 4:1) 

  1HNMR   NMR 

15  5% 

 DMSO  

  

3.2.2 

 C  

 

 
 

5.2.3 

 C  

 Xanthone  C 

  

 

  

 –OH   2   

  –OH 

5.2.3.1  
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 dimethyl sulphate 

 

 
1 4 

 

  0.2110 (0.5 mmol)  acetone  60   dimethyl sulphate 

0.425  (3.3 mmol)  K2CO3 50  (0.36 mmol)  7   

TLC  

 

 acetone   0.2110   dimethyl sulphate 

 7    TLC 

  

 

 methyl iodide 
 

 
1         4a 

 

 0.210  (0.5 mmol)  dry DMF 10   methyl iodide 0.25  (6 

mmol)  K2CO3 50  (0.36 mmol)  60oC  24 . 

 TLC    crude 

  MeOH  CH2Cl2  ESI-MS  NMR spectroscopy 

  

 0.210  (0.5 mmol)  dry DMF 10   methyl iodide 6 mmol 

 24 . 

  TLC  

  crude   

MeOH  CH2Cl2  4a  38 (0.080 ) 

 ESI-MS  m/z = 459.0906 (M+Na)+  C20H20NaO11  

IR (KBr, cm-1): 3452 (b), 3023, 2980, 1627, 1586, 1492, 1419, 1375, 1363, 1263, 1178, 

1027, 818, 792, 500 

NMR spectroscopy 1HNMR (400 MHz, DMSO-d6, , ppm): 13.83 (1H, s, OH), 9.89 (2H, bs, 

OH), 7.39 (1H, s, H8), 7.15 (1H, s, H5), 6.45 (1H, s, H4), 4.88 (2H, br, OH), 4.58 (1H,  d, J = 8 Hz 
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H1'),4.45 (2H, br, OH) 4.06 (1H, m, H2'), 3.93 (3H, s, OCH3), 3.67, 3.4 (d, J = 8 Hz, H6'), 3.15 (m, 3H, 

H3', H4', H5') 
13CNMR (100 MHz, DMSO-d6, , ppm): 179.58 (CO), 164.79 (C3), 162.22 (C1) 156.75 (C4a), 

155.50 (C6), 151.13 (C4b), 144.77 (C7), 112.98 (C8a), 108.27, (C8), 108.05 (C2), 101.80 (C5), 100.63 

(C8b), 93.85 (C4), 82.05 (C5'),79.49 (C3'), 73.52 (C1'), 71.11 (C4'), 70.66 (C2'), 61.96 (C6'), 56.82, OCH3 

 

 3.7  2D NMR HMQC, HMBC  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 acetone 

  acetone  

  dry DMF  methyl iodide  

atom C HMQC HMBC 

CO 179.58    

C3 164.79    

C1 162.22    

C4a 156.75    

C6 155.50    

C4b 151.13    

C7 144.77    

C8a 112.98    

C8 108.27 7.39 (s, 1H, H8), CO, C6, C7,C8a, C8b 

C2 108.05    

C5 101.80 7.15 (s, 1H, H5), CO, C6, C7,C8a,C8b 

C8b 100.63    

C4 93.85 6.45 (s, 1H, H4), CO, C5, C8,C3, C4a 

C5' 82.05 3.15 (m, 3H, H3', H4', H5')  

C3' 79.49 3.15 (m, 3H, H3', H4', H5')  

C1' 73.52 4.58 (1H,  d, J = 8 Hz H1'), C2, C2’ C1, C3 

C4' 71.11 3.15 (m, 3H, H3', H4', H5')  

C2' 70.66 4.06 (1H, m, H2')  

C6' 61.96 3.67, 3.4 (d, J = 8 Hz, 2H,  H6’')  

OCH3 56.82 3.93 (3H, s, OCH3), C6 
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60oC  12 .  TLC 

  

  –OH  

 

 24 .  crude   MeOH 

 CH2Cl2  0.080  (38% yield)  1HNMR, 13CNMR, HMQC  

HMBC (  3.6)  monomethoxy-  

 6 

 

5.2.3.2  1-bromohexane 

 

 
 1        4b 

 0.210  (0.5 mmol)  dry DMF 10   1-bromohexane 0.28  (2 

mmol)  K2CO3 50  (0.36 mmol)  60oC  TLC  20 . 

  crude  

MeOH  CH2Cl2  ESI-MS, NMR spectroscopy 

 

  0.210  (0.5 mmol)  dry DMF 10   1-bromohexane 0.28 

 (2 mmol)  K2CO3 50  (0.36 mmol)  60oC  

 TLC  24 .   crude 

  MeOH  CH2Cl2  

 0.080  (33% yield)  ESI-MS  m/z = 507.1868 

(M+H)+  C25H31O11  NMR spectroscopy  

IR (CH3OH, cm-1): 3437(b), 2962, 1634 (b), 1469, 1277, 1224, 1196, 1080, 1020, 620 

NMR spectroscopy 1H NMR Spectrum (400 MHz, DMSO-d6, , ppm): 13.68 (br, 1H, OH),  

8.8 (br, 2H, OH), 8.46 (br, 5H, OH) 7.39 (s, 1H, H8), 7.13 (s, 1H, H5), 6.45 (s, 1H, H4), 4.9-4.5 (br, 4H,-

OH), 4.59 (m, 1H, H1’),3.67, 3.33(m, 2H, H6a’, H6b’), 4.02 (m, 2H, H1’’), 3.74-3.15 (m, H2, H3’, H4’,H5’) 

1.78 (2H, m, H2’’), 1.31 (m, 6H, H3’’,H4’’, H5’’), 0.89 (3H, m, H6’’) 
13C NMR Spectrum (100 MHz, DMSO-

d6, , ppm), 179.6, (CO), 168.13, (C3), 164.57, (C1), 162.22, (C4a), 156.72, (C6), 154.92, (C4b), 151.16, 

(C7), 115.39, (C8a), 108.21, (C8),108.06, (C2), 101.8, (C5), 99.13, (C8b), 93.81, (C4), 82.04, (C5'), 79.47, 

(C3'), 73.5, (C1'), 71.09, (C4'), 70.66, (C2'), 69.4, (C1’’), 61.94, (C6'), 34.7, (C2’’), 28.78, (C3’’), 25.55, (C4’’), 

22.54, (C5’’), 14.40, (C6’’)  
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 1-bromohexane  K2CO3  dry DMF 

 60oC  crude   

MeOH  CH2Cl2  4b   0.080  (33% yield) 

 ESI-MS  m/z = 507.1868 (M+H)+  C25H31O11 

  1HNMR, 13CNMR, HMQC  

HMBC spectroscopy   mono alkylation 

 6  

5.2.3.3   

 

 
 1        4c 

  0.210  (0.5 mmol)  dry DMF 10   Allyl bromide 0.049  (6 

mmol)  K2CO3 50  (0.36 mmol)  60oC  TLC  22 . 

  crude   MeOH  

CH2Cl2  0.057   ESI-MS  NMR spectroscopy 

 

  0.210  (0.5 mmol)  dry DMF 10   allyl bromide 0.049  

(6 mmol)  K2CO3 50  (0.36 mmol)  60oC   

TLC  22 .   crude  

 MeOH  CH2Cl2   0.057   

ESI-MS  m/z = 463.1244  (M+H)+  C22H23O11 

  

IR (CH3OH, cm-1):  3418 (b), 1651, 1645, 1047, 1025, 997, 837, 765, 631 

NMR spectroscopy 1HNMR (400 MHz, DMSO-d6, , ppm) 13.66 (bs, 1H, OH), 7.43 (s, 1H, 

H8), 7.15 (s, 1H, H5), 6.49 (s, 1H, H4), 6.06 (m, 1H, H2’’), 5.45 (d, J = 17 Hz, H3’a’), 5.32 (d, J = 11 Hz, 

H3’’b), 4.89-4.5 (5H, OH), 4.68 (d, J = 5Hz, 2H, H1’’), 4.57 (d, J = 10 Hz, 1H, H1’), 4.02 (t, 9Hz, H2’), 3.6-

3.5 (m, 2H, H6a, 6b,) (3.5-3.3 (m, H3’, H4’, H5’) 
13CNMR (100 MHz, DMSO-d6, , ppm) 179.59 (CO), 164.57, (C3), 162.15 (C1), 156.67 (C4a), 

154.26 (C6), 150.95 (C4b), 144.88 (C7), 133.25 (C2’’) 118.80  (C3”) 113.02 (C8a), 108.31 (C8), 108.15 

(C2), 101.83 (C5), 101.66 (C8b), 93.86 (C4), 81.95, (C5'), 79.41 (C3'), 73.43 (C1'), 71.01 (C4'), 70.60 (C2'), 

69.85 (C1’'), 61.85(C6') 
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 Allyl bromide  K2CO3  dry DMF 

 60oC  crude   MeOH  CH2Cl2 

 4c   0.057    ESI-MS 

 m/z = 463.1244  (M+H)+  C22H23O11 

  25%   1HNMR, 13CNMR, HMQC  

HMBC spectroscopy  monoallylate  –OH  

6  

5.2.3.4  benzylation  benzyl chloride 
 

 
 

 0.210  (0.5 mmol)  dry DMF 10   benzyl chloride 0.252  (2 

mmol)  K2CO3 50  (0.36 mmol)  60oC  TLC  

24 .   crude  

 MeOH  CH2Cl2  0.078   ESI-MS  NMR 

spectroscopy 

 

 0.210  (0.5 mmol)  dry DMF 10   benzyl chloride 0.252 (2 

mmol)  K2CO3 50  (0.36 mmol)  60oC  TLC  

24 .   crude  

 MeOH  CH2Cl2  benzyl mangiferin  

 130–133°C  0.078   ESI-MS  m/z = 

603.19 (M+H)+  C33H31O11  NMR spectroscopy 

  

IR (CH3OH, cm-1)) 3358 (b), 2923,1606 (sh), 1467, 1250, 1180, 1000, 950 

  NMR spectroscopy  1H NMR (400 MHz, DMSO-d6): 

13.48 (1H, s), 7.63~7.29 (10H, m, 2H3a’’,2H4a’’ H5a’’ 2H3b’’ 2H4b’’ H5b’’), 7.49 (s, 1H, H8), 

7.23 (s, 1H, H5)  6.74 (1H, s, H4), 5.29 (1H, bs, OH), 5.22~5.14 (4H, m, 2H1a’’, 

2H1b’’), 4.89 (bs 2H, OH) 4.68 (1H, d, J = 8 Hz, H1’), 4.48 (m, 1H, H2’), 4.0-3.0 

(2H, m, OH), 3.8, 3.7 (m, 2H, H6a' H6b'), 3.4 - 3.15 (m, 3H, H3', H4', H5') 

13CNMR (100 MHz, DMSO-d6, , ppm): 
13CNMR (100 MHz, DMSO-d6, , 

ppm): 179.69 (CO), 164.72 (C3) ,160.97 (C1), 157.30 (C4a), 154.69 (C6), 
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151.07 (C4b), 145.45 (C7), 136.98 (C2a''), 136.55 (C2b''),129.03 (C3a'',C7a''), 

128.74 (C4a'',C6a''),, 128.65 (C3b'',C7b''),, 128.40 (C4b'',C6b''), 128.12 (C5a''),, 

127.40 (C5b''), 113.32 (C8a), 109.44 (C2), 108.24 (C8), 102.45 (C8b), 

101.80 (C5), 91.96 (C4), 82.31 (C5'), 71.16 (C1a’'), 70.84 (C1b’'), 

79.44(C3'), 73.97 (C1'), 71.2 (C4'), 70.39 (C2'), 62.29 (C6') 

 

 benzyl chloride  K2CO3  dry DMF 

 60oC  crude   MeOH  CH2Cl2 

 4d  0.078   130–133°C  ESI-

MS  m/z = 603.19 (M+H)+  C33H31O11 

  26%   1HNMR, 13CNMR, HMQC, 

HMBC  Mass spectrometry  dibenzylation  –

OH  6, 7  monobenzylation  1-

bromohaxane  benzyl bromide  alkylating agent  

  xanthone  hydroxyl   alkylation 

  alkylation  

monobenzyl  dibenzyl  mol ratio  

  benzyl   alkylation  

6  7  1  3  –OH  1  3  

glycoside   6  7 

 

5.2.3.5  Acetic anhydride 

 

Acetic Anhydride

OO

O+
Pyridine

O

O
OH

OHHO

OH
O

OH

H
OH

H

HCH2OH

H
H

OH

RO
O

O
OR

ORRO

OH
O

OR

H
OR

H

HCH2

H
H

OR
51 R = -C(O)CH3

  0.050  (0.12 mmol)  pyridine 4   acetic anhydride 0.3  (0.3 

mmol)  24 .   crude  

 Ethyl acetate/ hexane   0.091  

  0.016   (17%)  ESI-MS  NMR spectroscopy 

 

 0.050   pyridine 4   acetic anhydride 

  24   TLC  2  
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   crude  CHCl3 

 Ethyl acetate/ hexane 

 0.016   ESI-MS  m/z = 781.1597 (M+Na)+ 

 C35H34NaO19  –OH  C1, C3, C6, C7  –

OH  C2’, C3’, C4’,  C6’  17%   

NMR spectroscopy 

IR (KBr, cm-1) 3010, 2939, 1760, 1756, 1655, 1620, 1450, 1371, 1176, 1050, 919, 597  
1H NMR (400 MHz, CDCl3): 8.07 (s, 1H, H8), 7.43 (s, 1H, H5), 7.26 (1H, s, H4), 5.74 (1H, m, 

H1’), 5.34 (m, 1H, H4’), 5.32 (m, 1H, H3’), 4.86 (1H, d, J = 8 Hz, H2’), 4.45, 4.03  (m, 2H, H6a', H6b'), 3.85 

(m, 1 H, H5’), 2.44 (s, CH3) , 2.42 (s, CH3) ,  2.24 (s, CH3), 2.23 (s, CH3),  2.00 (s, CH3) , 1.98 (s, CH3) , 

1.96 (s, CH3) , 1.95 (s, CH3) 
13CNMR (100 MHz, CDCl3, , ppm): 173.58 (CO), 170.46 (CO), 170.27 (CO), 169.59 (CO), 

168.46 (CO), 167.98 (CO), 167.63 (CO), 157.42 (C3) , 154.37 (C1), 152.91 (C4a), 149.59 (C6), 147.65 

(C4b), 139.36 (C7), 122.45 (C8a), 120.80  (C8), 118.26 (C2), 114.54 (C4b) 112.64 (C8b),, 111.70 (C5), 

109.92 (C4), 77.23 (C5'), 76.56, (C4'), 74.35 (C2'), 72.43 (C1'), 68.14 (C3'), 61.90 (C6'), 21.38, 20.76, 

20.48 (C2’)  

 

 

 0.0500   acetylation  pyridine  acetic 

anhydride   24   TLC 

 2     

crude  CHCl3  Ethyl 

acetate/ Hexane   0.0160  (17% yield)  

ESI-MS  m/z = 781.1597 (M+Na)+  C35H34NaO19 

 –OH  C1, C3, C6, C7  –OH  C2’, C3’, C4’,  C6’ 

 NMR spectroscopy 1HNMR, 13CNMR, HMQC, HMBC 

  

  

acylation    DMSO  

 

5.2.3.6    Octanoyl chloride 
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 0.100  (0.24 mmol)  pyridine 6   octanoyl chloride 0.05  

(0.28 mmol)  24 .   crude 

  MeOH  CHCl3   0.041  

 ESI-MS  NMR spectroscopy 

 

 

 0.100  (0.25 mmol)  pyridine 6   octanoyl chloride 0.05  

(0.3 mmol)   24 .   

crude   MeOH  CHCl3  

0.041   ESI-MS  m/z = 549.1964 (M+H)+ 

 C27H33O12  1   32 % yield   

   

IR (CH3OH, cm-1): 3428 (b), 2951, 1634, 1468, 1451, 1016, 748 
1H NMR (400 MHz, (CD3) 2SO, , ppm): 13.40 (bs, 1H, OH), 11.3-10.5 (bs, 1H,OH), 7.44 (s, 

1H, H8), 6.82 (s, 1H, H5), 6.36 (s, 1H, H4), 4.8-4.61 (brs, 5H, -OH), 4.20 (m, 1H, H1’), 3.90, 3.88 (m, 

1H, H6a’H6b’), 3.77 (m, 1H, H2’), 3.76-3.48 (m, 3H, H3’, H4’, H5’), 2.34 (t, J= 7.5 Hz, 2H, H2’’), 1.63 (m, 2H, 

H3’’), 1.62 (m, 8H, H4’, H5’’, H6’’ H7’’), 0.95 (q, 3H, H8’’) 
13C NMR (100 MHz, (CD3) 2SO, , ppm) 179.93 (CO), 174.85 (C1''O), 163.82 (C3), 162.50 

(C1), 158.15 (C4a), 151.78 (C6), 150.12 (C4b), 144.41 (C7) 115.74 (C8a), 107.72 (C8), 

106.31(C2)102.05(C5), 101.89 (C8b), 93.47 (C4), 81.21 (C5') 78.78 (C3') 73.96 (C1'), 71.22 (C4'), 70.40 

(C2'), 61.48 (C6'), 33.40 (C2''), 31.43 (C3''), 29.34 (C4'') 28.74, (C5'') 24.63, (C6'') 22.23 (C7''), 12.97 (C8'')  

 

 

  octanoyl chloride  Pyridine 

 24   crude   

MeOH  CH2Cl2  6a  0.041  

32 % yield    ESI-MS 1HNMR, 13CNMR, HMQC  HMBC 

spectroscopy   1   

5.2.3.7    luaroyl chloride 

 

 
 0.100  (0.25 mmol)  pyridine 6   luaroyl chloride 0.06  (0.28 

mmol)  20    crude 
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 column chromatography   dry  Na2SO4 

  isopropanol  Dichloromethane  0.061  

 ESI-MS  NMR spectroscopy 

 

 0.100  (0.23 mmol)  pyridine 6   luaroyl chloride 0.06  

(0.28 mmol)   24 . 

 crude   crude 

 MeOH  CHCl3  0.061   

 ESI-MS  m/z = 605.2589 (M+H)+ 

 C31H41O12  1   42%  

IR (CH3OH, cm-1): 3394 (b), 2922, 1738, 1620, 1466, 1277, 1109, 1081, 750 
1H NMR Spectrum (400 MHz, (CD3) 2SO, , ppm): 13.53 (s, 1H, OH), 11.51 (s, 1H, OH)  

10.81 (s, 1H, OH),  8.00 (s, 1H, H8), 7.01 (s, 1H, H5), 6.42 (s, 1H, H4), 4.89 (m, 2H, -OH), 4.62 (m, 1H, 

-OH), 4.6 (d, J = 10 Hz, 1H, H1’), 4.0 (m, 1H, -OH) 4.12 (m, 1H, H2’) 3.70 (m, 1H, H6b’), 3.41 (m, 1H, 

H6a’), 3.2-3.0 (m, 3H, H3’, H4’, H5’), 2.62 (t, J= 7.5 Hz, 2H, H2’’), 1.63 (m, 2H, H3’’),1.5-1.0 (m, 16H, H4’’, 

H5’’ H6’’ H7’’ H8’’ H9’’ H10’’ H11’’,), 0.82 (q, 3H, H12’’) 
13C NMR (100 MHz, (CD3) 2SO, , ppm) 179.93 (CO), 171.85 (C1''O), 165 (C3), 162.2 (C1), 

157.01 (C4a), 156.71 (C6), 155.04 (C4b), 137.01 (C7), 119.3 (C8), 112.5 (C8a), 108.59 (C2), 104.04 (C5), 

101.98 (C8b), 99.05 (C4), 82.11 (C5'), 79.446 (C3'), 73.47 (C1'), 70.67 (C2'), 73.47 (C4'), 62.04 (C6'), 

33.62 (C2''), 31.77 (C3''), 29.47 (C4'',C5''),29.37 (C6''), 29.18 (C7''), 29.16 (C8''), 28.79 (C9''), 24.81 (C10''), 

22.56 (C11''), 14.42 (C12'') 

 

 luaroyl chloride  Pyridine 

 24   crude   

MeOH  CH2Cl2   6b  0.061  42 % 

yield    ESI-MS 1HNMR, 13CNMR, HMQC  HMBC spectroscopy  

 1   

 

5.2.3.8  cinnamoyl chloride 

 
 

 0.200  (0.47 mmol)  pyridine 6   cinnamoyl chloride 100 

 (0.6 mmol)  24 .   crude 
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  MeOH  CHCl3   0.086  

 ESI-MS  NMR spectroscopy 

 

 0.200  (0.5 mmol)  pyridine 6   cinnamoyl chloride 

10  (0.06 mmol)   TLC  3  

   24  

 TLC    

  MeOH/CH2Cl2 

  0.086   ESI-MS  

m/z = 553.1338 (M+H)+  C28H25O12  1  

 33 % yield  NMR spectroscopy  

  

IR (CH3OH, cm-1): 3413 (b), 2924, 1714, 1621, 1473, 1296, 1195, 1153, 1079, 822, 766, 572 
1H NMR (400 MHz, CD3OD) 7.90 (d, J = 15.9 Hz, 1H, H3’’), 7.82 (s, 1H, H8), 7.68 (m, 2H, H5’’. 

H9’’), 7.44 (m, 3H, H6’’, H7’’ H8’’), 6.90 (s, 1H, H5), 6.79 (d, J = 15.9 Hz, 1H, H2’’), 6.36 (s, 1H, H4), 4.75 

(m, 1H, H1’), 4.15 (m, 1H, H2’), 3.87 (dd, J = 1.8, 12.0 Hz, 1H, H6’a),  3.78 (m 1H, H6’b), �3.42 (m, 1H, 

H4’), 3.47 (m, 3H,  H3’, H4’, H5’)  
 13CNMR (100 MHz, CD3OD) 179.62 (CO), 165.2 (C1''O), 163.1 (C3) ,161.2 (C1), 161.97 (C6), 

156.66 (C4a), 155.34 (C4b), 146.98 (C3''), 136.93 (C7), 131.03 (C7''), 128.73 (C5'',C9''), 128.16 (C6'', C8''), 

144.91 (C4''), 118.75 (C8), 115.56 (C8a), 117.22 (C2''), 108.46 (C2), 107.78 (C5), 101.55 (C8b), 93.82 

(C4), 82.2 (C5'), 78.77 (C3'), 73.97 (C1'), 71.2 (C4'), 70.39 (C2''), 61.45 (C6')  

 

 cinnamoyl chloride  Pyridine  

  24   TLC 

  cinnamoyl chloride  

 TLC  

   crude  

  MeOH/CH2Cl2  6c 

  0.086   ESI-MS  m/z 

= 553.1338 (M+H)+  C28H25O12 33% 

 NMR spectroscopy 1HNMR 13CNMR, HMQC  HMBC  

  monoacylation   

 

5.2.3.9  substituted cinnamoyl chloride 

  TI   –OH  cinnamoyl 

   cinnamoyl 
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   (electron donating group)  

(electron withdrawing group)   

  cinnamoyl 

  

 

1.  p-Cl cinnamoyl chloride 

 
  

 0.100  (0.23 mmol)  pyridine 6   p-Chlorocinnamoyl chloride 

0.06 g  (0.28 mmol)  24    crude 

 MeOH  CHCl3   0.062  

 ESI-MS  NMR spectroscopy 

 

 

 0.1000  (0.23 mmol)  pyridine 6   p-

Chlorocinnamoyl chloride 0.06  (0.28 mmol)  

 TLC   24   

TLC    

  crude   MeOH  CHCl3  0.062 

  ESI-MS  609.1976 (M-H)  C28H23ClNaO12 

 1   45 %  NMR 

spectroscopy    

IR (CH3OH, cm-1): 3437 (b), 1634 (b), 1455, 1216, 1032, 1015, 748, 687 
1H NMR (400 MHz, DMSO-d6) 13.66 (s, 1H, OH1), 11.3-10.9 (bs, 2H, OH) 7.88 (d, J = 8Hz, 

2H, H5'', H9''), 7.86 (d, J = 16 Hz, 1H, H3''), 7.7 (s, 1H, H8), 7.54 (d, J = 8 Hz, 2H, H6’', H8''), 6.90 (s, 1H, 

H5), 6.94 (d, J = 16 Hz, 1H, H2’’), 6.47 (s, 1H, H4), 4.90 (bs, 2H, OH), 4.6-4.5 (m, 2H OH), 4.59 (d, J = 

9.5 Hz, 1H, H1’), 4.12 (m, 1H, H2’), 3.78 (m, 1H, H6’a), 3.45 (m, 1H, H6’b), 3.5 - 3.0 (m, 3H, H3’, H4’ H5’)  
13CNMR (100 MHz, DMSO-d6) 179.25 (CO), 165.2 (C1''O), 164.98 (C3), 162.34, (C1), 161.97 

(C6), 156.67, (C4a), 155.26 (C4b), 145.39 (C3''), 142.1 (C7), 130.87(C5'’, C9’), 129.53 (C6'', C8'')  127.00 
(C4'’)  129.53, (C7’'), 118.34 (C5), 118.31 (C8), 118.31 (C2''), 108.46 (C2), , 115.56, (C8a), 101.55 (C8b), 

94.18 (C4), 82.09, (C5'), 79.50, (C3'), 73.47, (C1'), 71.08 (C4'), 70.62, (C2'), 61.97, (C6') 
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 p-Cl-cinnamoyl chloride  Pyridine 

   24   TLC 

    

 MeOH/CH2Cl2  6d 

  0.062   ESI-MS  

609.1976 (M-H)  C28H23ClNaO12  1  

 45 %  NMR spectroscopy  

 NMR spectroscopy 1HNMR 13CNMR, HMQC  HMBC 

   monoacylation  

 

2.   o-Cl cinnamoyl chloride 

 

  0.1000  (0.23 mmol)  pyridine 6   o-Chlorocinnamoyl chloride 

0.06  (0.28 mmol)  24    crude 

 MeOH  CHCl3   0.069   

ESI-MS, NMR spectroscopy 

 

 0.1000  (0.23 mmol)  pyridine 6   o-

Chlorocinnamoyl chloride 0.06  (0.28 mmol)  

 TLC  24   TLC  

     crude 

 MeOH  CHCl3   0.069   

 ESI-MS  m/z = 609.052 (M+Na)  C28H23ClNaO12

 1   50   

 NMR spectroscopy  

 

IR (CH3OH, cm-1): 3437(b), 2923, 1737, 1689, 1623, 1469, 1277, 754. 570 

 1H NMR (400 MHz, DMSO-d6) 13.72 (s, 1H, OH1), 11.3-10.9 (bs, 1H, OH), 8.13 (d, J = 15.6  

Hz, 1H, H3''), 7.81 (s, 1H, H8), 7.61 (d, J = 7.6 Hz, 1H, H6’’), 7.49-7.46 (m, 3H, H7’’, H8’’,H9’’’), 7.73 (s, 1H, 

H5), 7.04 (d, J = 15.6 Hz, 1H, H2''), 6.44 (s, 1H, H4), 4.90 (bs, 2H, OH), 4.6-4.5 (m, 2H OH), 4.59 (d, J 
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= 8 Hz, 1H, H1’), 4.12 (m, 1H, H2’), 3.81 (m, 1H, H2’,) 3.78 (m, 1H, H6’a), 3.45 (m, 1H, H6’b), 3.5 - 3.0 (m, 

3H, H3’, H4’ H5’)  
13CNMR (100 MHz, (CD3)2SO) 179.32 (CO), 164.92 (C1''O), 164.59 (C3), 163.12 (C1), 

157.5 (C6), 156.71 (C4a), 155.31 (C4b), 141.45 (C3''), 137.22 (C7), 134.46 (C5'’), 132.85 (C4’'), 131.86 

(C6’’), 130.58 (C7’'), 128.7 (C9'’), 128.24 (C8''), 120.45 (C2''), 119.19 (C8), 111.8 (C8a), 108.55 (C2), 

104.11 (C5), 101.65 (C8b), 94.98 (C4), 82.11 (C5'), 73.49 (C1'), 71.48 (C3'), 71.12 (C4'), 70.65 (C2'), 

61.98 (C6')  

 

 

 o-Chlorocinnamoyl chloride  Pyridine 

   24 

  TLC   

  

 MeOH/CH2Cl2  6e   0.069  

(50% yield)   NMR spectroscopy 1HNMR 13CNMR, HMQC 

 HMBC    monoacylation  

 

3.     p-methoxy cinnamoyl chloride 

 
 

  0.1000  (0.23 mmol)  pyridine 6   p-Methoxycinnamoyl 

chloride 60   (0.06 mmol)  24    crude 

 MeOH  CHCl3   0.060  

 ESI-MS  NMR spectroscopy 

 

 0.1000  (0.23 mmol)  pyridine 6   p-

Methoxycinnamoyl chloride 60  (0.28 mmol)  

 TLC  3    

 24   TLC   

   crude   
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MeOH  CHCl3   ESI-MS  

m/z = 581.282 (M-H)  C29H25O13  44 (0.060 )  

IR (CH3OH, cm-1): 3437(b), 1633, 1513, 1172, 1033, 1014, 749, 612 

  NMR spectroscopy  
 1H NMR (400 MHz, DMSO-d6) 13.61 (s, 1H, OH), 11.3-10.9 (bs, 1H, OH), 7.85 (d, J = 16 Hz 

1H, H3’’), 7.79 (d, J = 8.4 Hz, 2H, H5’’) 7.72 (s, 1H, H8), 7.10 (s, 1H, H5), 7.02 (d, J= 8.4 Hz, 2H, H6’’) 

6.75 (d, J = 16 Hz 1H, H2’’), 6.51 (s, 1H, H4), 4.91 (bs, 2H, OH), 4.6-4.5 (m, 3H OH), 4.59 (d, J = 9.5 

Hz, 1H, H1’), 4.12 (m, 1H, H2’), 3.88 (s, 3H, OCH3), 3.87 (m, 1H, H6’a), 3.73 (m, 1H, H6’b), 3.3 - 3.0 (m, 

3H, H3’, H4’ H5’)  
13CNMR (100 MHz, DMSO-d6) 179.25 (CO), 165.2 (C1''O), 164.98 (C3), 162.34, (C1), 161.97 

(C6), 159.89 (C7'')156.67, (C4a), 155.26 (C4b), 146.79, (C3'') 142.1 (C7), 131.03 (C5'', C9''), 127.00 (C4'') 

120.90, (C8), 115.56, (C8a), 114.96, (C8'', C6''), 114.58 (C2''), 108.46 (C2), 104 (C5), 101.55 (C8b), 94.18 

(C4), 82.1, (C5'), 79.5, (C3'), 73.48, (C1'), 71.11 (C4'), 70.62, (C2'), 61.97, (C6'), 55.86 (OCH3) 

 

  p-Methoxycinnamoyl chloride  Pyridine 

   24  

 MeOH/CH2Cl2  6f  

  0.060  (44% yield)   NMR spectroscopy 1HNMR 
13CNMR, HMQC  HMBC   monoacylation  

5.2.4.    

 

  

  

  

 

 

1.   5    0.5   

 

2.  paraffin oil  5   

paraffin oil 5    

3.      5   

 DMSO, MeOH, CHCl3  5    

 

  3.8 

  3.8    

 



34 
 

  /  

  - 

   2 

   0.2 

   0.5 

methoxy    

O-hexyl    

O-allyl    

O-benzyl   - 

acetyl   - 

octanoyl    

luaroyl    

cinnamoyl mangifein  - 

p-OMe Cinnamoyl mangifein  - 

p-Cl Cinnamoyl mangifein  - 

o-Cl Cinnamoyl mangifein  - 

 paraffin oil  

 3.9 

 3.9   oil   

 

 

 oil 

 

CHCl3 

 

MeOH 

 

DMSO 

     

      

      

     ** 

O-Methoxy      

O-hexyl      

O-allyl     ** 

O-benzyl       

acetyl     **  

octanoyl      

luaroyl      

cinnamoyl mangifein   *  

p-OMe cinnamoyl   ** **  
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mangifein 

p-Cl cinnamoyl 

mangifein 

  ** ** 

o-Cl cinnamoyl 

mangifein 

  ** ** 

*   

**  DMSO   

 

 

 , 

    

  MeOH  DMSO 

 oil  DMSO  

   

(OR)  (benzyl, -CH2C6H5 )   MeOH  

 DMSO   octanoyl, lauroyl, 

cinnamoyl, p-OMe cinnamoyl, p-Cl cinnamoyl  o-Cl cinnamoyl 

 protic solvent  DMSO 

 non polar   oil  acetyl 

 –OH 

  cinnamoyl 

   

   

 

5.3  antiherpes    

 herpes simplex virus (HSV) 

 HSV 

  acyl  

alkoxy  

 

 antiherpes  

 

1. Herpes simplex virus type 1 strain F (HSV-1F) 

2. Vero cell  

  

1. 70% alcohol 



36 
 

2. 96-well plate 

3. 24-well plate 

4. Crystal violet 

5. Minimum Essential Medium (MEM) 

6. Trypsin-EDTA 

7. 0.05 M Phosphate buffer saline (PBS), pH 7.4 

8. Overlay medium 

9.  Rocking platform  

10. CO2 incubator 

11. Micropipette 

12. Pipette tip 

13. Flask T-25 cm2 

5.3.1  Vero cell  

 

1.  MEM medium 

 

 Methoxy mangifein p-OMe Cinnamoyl mangifein p-Cl Cinnamoyl 

mangifein  o-Cl Cinnamoyl mangifein  1.0 - 9.77x10-4 mg/ml  

mangifein, sodium mangifein  potassium mangifein calcium mangifein, O-allyl mangifein, 

Acetyl mangifein  O-Hexyl   2.0 - 1.95 x10-3 mg/ml  O-benzyl 

mangifein octanoyl mangifein  lauroyl mangifein  3.0 - 2.93 x 10-4 mg/ml 

2.  96   100 l  4  

 

 cell suspension  3 × 105 cells/ml   100 

l  MEM 100 l  

3.  37 C  CO2 incubator  3  

 

 

4.  96   0.1% (w/v) crystal violet 

 

 20  

5.   CD50 

5.3.2  HSV-1 

             

1.  Vero cell  24   
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 300 l 

2.  50-100 plaque  100 l 

 

  rocking platform  1  

3.  (  CD50) 

  

200 l (  4 ) 

 3.10  medium 200 l  
 

 3.10 

 HSV-1 

  (mg/ml) 

 500-750 

  500-750 

  500-750 

  50-250 

Hexyl  50-250 

O-allyl  50-250 

acetyl  50-250 

o-Cl Cinnamoyl mangifein 30-100 

p-Cl Cinnamoyl mangifein 30-100 

O-Methoxy  25-150 

octanoyl  20-50 

luaroyl  20-40 

p-OMe Cinnamoyl mangifein 15-150 

Cinnamoyl mangifein 5-30 

O-benzyl  5-20 

4.  overlay medium  300 l   37 C  CO2 incubator  

2-3  

 

5.  medium   0.1% (w/v) crystal violet 

 

 20  

6.   plaque   

  plaque forming unit/ml (PFU/ml) 
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 HSV-1F  

3.17  

 (Vero cells)  CD50 

     host 

  6  

   CD50    

 (  3.15  3.11) 

 alkoxy   methoxy, O-benzyl, O-allyl,  O-hexyl 

  O-benzyl   vero cells   

 21   methoxy 

  10  

 O-hexyl  O-allyl  

 1.3   3.15  3.11  acyl  

 acetyl, octanoyl, lauroyl  cinnamoyl   cinnamoyl 

 vero cells   cinnamoyl  

 21   benzyl   lauroyl  

octanoyl   10   acetyl 

 vero cells  1.3   

 chloro  methoxy  cinnamoyl  

  4-chlorocinnamoyl  2-

chlorocinnamoyl   CD50  178.25 g/ml   

 5   methoxy cinnamoyl 

  10   3.15  3.11 

 HSV-1 strain F   

 

 plaque reduction assay 

  Vero cells  

CD50  3.11  3.16  ED50  650 

g/ml   

ED50  15-650 g/ml  

 HSV-1 strain F   3.16  
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MGF Na K Ca MeO Hexyl Allyl Benzyl Acetyl Octanoyl LauroylCinnamoyl 4-Cl 2-Cl 4-MeO acyclovir

C
D

50
 (u

g/
m

l)

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

Unmodified
Salt
Alkyl
Acyl
Modified acyl
Acyclovir

 
 3.15  CD50    acyclovir  

vero cells 

MGF Na K MeO Benzyl Acetyl Octanoyl Cinnamoyl 4-Cl 2-Cl 4-MeO Acyclovir

ED
50

 (u
g/

m
l)

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

Unmodified
Salt
Alkyl
Acyl
Modified acyl
Acyclovir

 3.16  ED50    acyclovir  

HSV-1 strain F 

 

 3.11  HSV-1 strain F   
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  CD50  

( g/ml) 

ED50* 

( g/ml) 

TI 

(CD50/ED50

) 

  

O

O
OH

OHHO

OH
O

OH

H
HO

H

H
CH2OH

H
H

HO  
1 

948.70 650.03 1.46 

   

 

948.70 650.25 1.46 

   

 

1,066.97 650.36 1.64 

   

 

158.88 ND** ND 

 

***  
 

ND ND ND 

Methoxy   

 

89.13 100.29 0.89 

O-hexyl  

 

711.31 ND ND 

O-allyl   

 

711.31 ND ND 

Benzyl  

 

44.77 20.00 2.24 

Acetyl  

 

711.31 250.00 2.85 

Octanoyl  
  

 6a R = C(O)C7H15 

89.34 30.00 2.98 

 3.11 ( )  HSV-1 strain F   
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  CD50  

( g/ml) 

ED50* 

( g/ml) 

TI 

(CD50/ED50

) 

Lauroyl  
 

6b R = C(O)C11H23 

89.34 ND ND 

Cinnamoyl  
 

6c R = C(O)CH=CHC6H5 

44.77 15.00 2.99 

4-Chlorocinnamoyl 

  
6d R = C(O)CH=CHC6H4(p- Cl)  

178.25 70.00 2.55 

2-Chlorocinnamoyl  

  
6e R = C(O)CH=CHC6H4(o-Cl) 

178.25 60.00 2.97 

4-methoxylcinnamoyl  

  
6f  R = C(O)CH=CHC6H4(p-OMe) 

89.13 100.68 0.88 

acyclovir  1004.69 1.50 669.79 

*  ED50  %  HSV-1F  (  2 ),  

** ND:  %  HSV-1F  50% 

***  

 
 

  

( )   750 g/ml ( )    750 g/ml 

  

( )    750 g/ml ( )    250 g/ml 

 3.17  HSV-1F   ( )  

 ( - )  acyclovir ( )  ( ) 

  

( )Methyl   150 g/ml  ( )O-allyl   250 g/ml  

  

( )Benzyl   20 g/ml ( ) O-hexyl   250 
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g/ml 

  

( )  Acetyl    250 

g/ml 

( ) Cinnamoyl   30 

g/ml 

  

( )Octanoyl   50 g/ml ( )Lauroyl   40 g/ml 

                  

( )   2-Chlorocinnamoyl   

100 g/ml 

( )   4-Chlorocinnamoyl   

100 g/ml 

  

( ) 4-methoxylcinnamoyl   

150 g/ml 

( )   Acyclovir  1.5 g/ml 

  

( )      

 

 3.17 ( )  HSV-1F   ( )  

 ( - )  acyclovir ( )  ( ) 

 

 

 HSV-1 strain F  (  3.11)  HSV-1 

 alkyl  ED50  O-benzyl 

  20 g/ml  methoxy  ED50  100.29 g/ml 

 HSV-1   O-hexyl 

 O-allyl  HSV-1  50% (  3.11)  

ED50  acyl  

cinnamoyl  HSV-1 strain F  ED50  cinnamoyl 

 43  

  octanoyl  ED50  22   acetyl 

 ED50  250 g/ml  2.6  (  3.16  3.11)  

plaque reduction (  3.17)  lauroyl 

 HSV-1   cinnamoyl  

 chloro  metoxy  o-Cl-cinnamoyl   ED50  cinnamoyl 

   4   p-Cl-cinnamoyl   p-OMe-cinnamoyl   

ED50  4.6  6.6   
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MGF Na K MeO Benzyl Acetyl Octanoyl Cinnamoyl 4-Cl 2-Cl 4-MeO

Th
er

ap
eu

tic
 In

de
x 

(T
I)

0.0

.5

1.0

1.5

2.0

2.5

3.0

3.5

MGF
Salt 
Alkyl
Acyl
Modified Acyl

 
 

 3.18  TI    

 

 

  therapeutic index (TI) 

 CD50  ED50 

 HSV-1 strain F  3.11  TI 

 1.46   TI  0.885-2.985 

 3.18    TI  

 O-benzyl  alkoxy  TI 

  1.5   TI  acyl 

 cinamoyl  HSV-1 

strain F   TI  2.99  TI  2   octanoyl 

  TI  2.98 (  3.11)  chloro 

 cinamoyl   o-Cl-

cinnamoyl   TI  2.97  p-Cl-cinnamoyl   TI  2.55 

 p-OMe-cinnamoyl  TI  cinamoyl  3.8   
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 HSV-1 strain F 

 14   TI 

 

 HSV-1 strain F  

    

 acyl 

  cinamoyl   octanoyl  TI   lauroyl 

  HSV-1 strain F  

 alkoxy  methoxy, O-allyl  O-hexyl 

 HSV-1 strain F  O-benzyl  benzyl 2 

  HSV-1 strain F  

 chloro  cinnamoyl  

   chloro  

HSV-1 strain F   chloro  cinnamoyl 

  ED50  HSV-1   methoxy 

 cinnamoyl  HSV-1    

 antiherpes  

 acyl  alkoxy   

 HSV-1  

    carbon 

 alkyl   HSV-1  benzyl  

  acyl 

  cinnamoyl  

  carbon 

   

HSV-1  envelope 16  HSV  

 electron releasing group  OMe  cinnamoyl  para 

 electron withdrawing group  Cl  cinnamoyl   

para  HSV-1  cinnamoyl 

 HSV-1   OMe  para  electron 

withdrawing group  Cl  cinnamoyl  ortho 

 HSV-1  cinnamoyl  p-Cl cinnamoyl 

  HSV-1 strain F 

 carbon  
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5.4  Topoisomerase II  

 

Herpes simplex viruses  HSV  (linear double-

stranded DNA)  120-230 Kbp HSV  (host) 

 (replication)  topoisomerase (topo) I  II, DNA ligase I  DNA polymerase-

primase  topoisomerase I  II 

 HSV  acyclovir  topoisomerase  (unwinding) 

 (re-ligation)   (DNA repair) 

 (transcription)  topoisomerase 

 

  human Topoisomerase II  

  

 

 

-  

1. Eukaryotic Topoisomerase II Drug Screening Kit (  TopoGEN, Inc, USA) 

2. Human Topoisomerase II  (Sigma aldrich, USA) 

3. Agarose  

4. Ethidium bromide  

5. Tris-base  

6. Boric acid 

7. Ethylenediaminetetraacetic acid (EDTA) 

8. Sodium dodecyl sulfate (SDS) 

9. Protinase K 

10. Linear polyacrylamide 

11.  

12. Chloroform 

13. Isoamyl alcohol 

14. 3 M Sodium acetate buffer 

 

-  

1. Agarose gel electrophoresis apparatus 

2. Power supply 

3. Microcentrifuge  

4. Microcentrifuge tube 
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5. Micropipettes 

6. Yellow tips 

7. Blue tips 

8. UV transiluminator  Image analyzer 

9. Thermal dry bath 

 

 

1.  Topoisomerase II   

 

  human Topoisomerase II     

  topoisomerase II   Eukaryotic 

Topoisomerase II Drug Screening   3.12 

 3.12  Eukaryotic Topoisomerase II Drug Screening 
 

  

Supercoiled DNA [pHOT1]  25 g 

Linear pHOT1 DNA  25 g 

10X Topoisomerase II assay buffer  500 l 

Sodium dodecyl sulfate (SDS) 10% (w/v) 

10X Gel loading buffer 200 l 

Etoposide (positive control) 100 l 
 

  topoisomerase II   

 20 l  

 3.13  topoisomerase II   20 l 

 

  ( l) 

10X Topoisomerase II assay buffer  2 

Supercoiled pHOT1 DNA  1 

Purified human topoisomerase II  (4-6 Units) 2 

1 mM   

 positive control  etoposide (VP16)  

2 

H2O sterile  13 

  

 3.13  microcentrifuge  1.5 ml 

  37 C  15-30 
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  2 l  SDS (10% w/v)  Proteinase K 

 50 g/ml  37 C  15  

 Chroloform : Isoamyl alcohol (24:1)  1 

 13,000 /   10  

 microcentrifuge   6X loading dye  

 topoisomerase II   0.8% (w/v) agarose gel electrophoresis  

 

2.  agarose gel electrophoresis 

  

1. 50X Tris- acetate (TAE) Buffer   (Concentrate stock solution) 

     Tris-base  242 g   deionized   glacial acetic acid  57.1 ml  0.5 

M EDTA   pH 8.0  100 ml  (  EDTA 18.61    deionized  pH  8.0 

 100 ml)   1   50X TAE buffer 

 1 X 

2. Loading buffer (6X Buffer) 

   Bromophenol blue 0.025 g  Glycerol  3 ml  10 

ml  4 C (  1/6 )  

3. Ethidium bromide (  2.5 g/ml) 

Ethidium bromide (Stock solution  10 mg/ml)  250 l  1 L 

 1X TAE Buffer  

  0.8% (w/v) agarose gel  agarose 0.8 g   1X TAE buffer 

 100 ml    Ethidium bromide 

 2.5 g/ml          

0.8 cm    (comb)  (  

  chamber     1X TAE Buffer 

)   

  Loading buffer  

  agarose gel   45   

Bromophenol  blue   2/3   

 UV transilluminator   

 

 topoisomerase II      

  human topoisomerase II   agarose gel 

electrophoresis  Eukaryotic Topoisomerase II Drug Screening 

 human topoisomerase II   cleavable 
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complexes  human topoisomerase II   pHOT1 

 (linear form)  (nick open circular form)  solvent control 

  DMSO   

3.19  

 3.19 lane  4  (relaxed form) 

 (supercoiled form)   DMSO 

 human topoisomerase II   etoposide  VP16 

 human topoisomerase II   (positive control) (  

3.19 lane  1)  (linear form) 

 (circularised  form)   

 human topoisomerase II  

 -   Na, K, Ca, O-Hexyl, Acetyl  O-Allyl  

 100 M  3.19 lane  5-11  ( ) 

  5   human 

topoisomerase II   lane 8  11   

 

 

 

  

  
 
 
 
 
 

 

 3.19   Agarose gel electrophoresis  pHOT1                    

topoisomerase II  (lane 5)   Na (lane 6), K (lane 7), Ca 

(lane 8), O-Hexyl (lane 9), Acetyl (lane 10)  O-Allyl (lane 11)  etoposide (  VP16)  

positive control (lane 1) 

 

        human topoisomerase II  

  pET-28a 

 catenated  decatenated (  3.20) 

 human topoisomerase II   catenated  

Linear form

Relaxed form

    DMSO 

-           +  Li
ne

ar
 fo

rm
 D

NA
 

To
po

II 
+ 

VP
16

 

 MGN       Na        K        Ca    O-Hexyl   Acetyl  O-Allyl      

Supercoiled form 

Circularised form 
Linear form 

1        2         3         4         5         6         7        8        9        10       11 
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 agarose gel electrophoresis  

 catenated  

 
 3.20    topoisomearse II catenated 

 decatenated DNA 

  

  human topoisomerase II  

 agarose gel electrophoresis (  3.21)  DMSO 

 human topoisomerase II   (  3.21 A  3.21 B lane 1)  VP16 

  VP16  human topoisomerase II  

 pET28a  catenated  decateneted  (  3.21 A 

 3.21 B lane 4)  human topoisomerase II   

 14   Na, K, Ca, O-Hexyl, Acetyl, O-Allyl, Benzyl, Cinnamoyl, 

Octanoyl, OMe, p-OMe-cinnamoyl, p-Cl-cinnamoyl  o-Cl-cinnamoyl, lauroyl  (in 
vitro assay)  catenated ( )  3.21 A lane  5-11  

3.21 B lane  5-13  catenated ( )  lauroyl 

 plasmid DNA pET-28a  

 900-200 bp  plasmid DNA (  3.21 C lane  8  3.21 

D lane  6-7) 

 

A 

  
  
 
 
 
B 

 
 
 
 
 
 
 
 

Linear form 
Catenated form 

Supercoiled form
Nick open circular 

form 

 MGN       Na         K        Ca      O-Hexyl   

Acetyl   O-Allyl       

To
po

II 
+ 

VP
16

 

Li
ne

ar
 fo

rm
 

DN
A 

1%
   

DM
SO

 

DN
A 

St
d 

1          2          3          4          5         6          7          8         9        10       

11 

Nick open circular forms 
Linear form 

1       2         3         4         5         6        7        8         9       10       11      

To
po

II 
+ 

Li
ne

ar
 fo

rm
 

1%
   

DM
SO

 

DN
A 

St
d 

 MGN O-Allyl   Benzyl  Cinamoyl   Octa    Methyl    p-Met   p-Chloro  o-

Catenated form 

Supercoiled form
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 3.21  Agarose gel electrophoresis  pET-28a  

human topoisomerase II   etoposide (VP16)  positive control 

 (A) Na, K, Ca, O-Hexyl, Acetyl  O-Allyl (B) Benzyl, Cinnamoyl, 

Octanoyl, Methoxy, p-Methoxycinnamoyl, p-Chlorocinnamoyl  o-Chlorocinnamoyl (C)  (D) 

lauroyl                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3.21 ( ) Agarose gel electrophoresis  pET-28a 

 human topoisomerase II   etoposide (VP16)  positive control 

 (A) Na, K, Ca, O-Hexyl, Acetyl  O-Allyl (B) Benzyl, Cinnamoyl, 

Octanoyl, Methoxy, p-Methoxycinnamoyl, p-Chlorocinnamoyl  o-Chlorocinnamoyl (C)  (D) 

lauroyl                      

C 

1      2     3       4     5     6      7     8 
1%

   
DM

SO
 

Li
ne

ar
 D

NA
 

DN
A 

st
d 

To
po

II+
VP

16
 

MGN  Lauryl pE
T-

28
 p

la
sm

id
 

M 

Catenated form  

Nick open circular 

forms Supercoiled form 

DNA break 

 21226  

bp  

5148  
4973  
3530 

2027  
1904  
1375  

947  
831  

D 

1      2     3       4     5     6      7  

M pE
T-

28
 p

la
sm

id
 

Li
ne

ar
 D

NA
 

VP16   MGN    -       +  Topo 

Lauryl 

Catenated form  

Nick open circular 

forms 
Supercoiled form 

DNA break 

 21226  

bp  

5148  
4973  
3530 

2027  
1904  
1375  

947  
831  
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  14  

 human topoisomerase II   (  luaroyl 

 DNA  DNA   3.21 C  D)  

topoisomerase II    

(  intercalating agent)  topoisomerase II   (  non-

intercalating agent)   DNA-unwinding 

assay  
 

  DNA-unwinding Assay  

  topoisomerase II   2    1 

 topoisomerase II    

intercalator   (re-ligation) 

  2  topoisomerase II    non-

intercalator  DNA-

unwinding assay  T4 DNA ligase  

phosphodiester  5 - phosphate  3 - hydroxyl  (linear form) 

 intercalating agent  

  

 

 DNA-unwinding assay  

1.  pET-28a  

 (linearized DNA)  pET-28a  

pET- 

28a  EcoRI  (sticky end) 

  1% (w/v) agarose gel electrophoresis 

 ethidium bromide  TAE buffer 

2.   pET-28a  EcoRI  phenol  

 100%   EcoRI 

 

 DNA-unwinding assay 

3.  DNA-unwinding  3.13  20 l  
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  3.14  DNA-unwinding assay  20 l 

 

   ( l) 

 pET-28a/ EcoRI (1 -2 g) 3 

Sterile deionised water 12.5 

10X T4 DNA ligase buffer 2 

 (1 mM) 2 

T4 DNA ligase 0.5 

 20 

 

  3.14 

 microcentrifuge   16 C  30   

 65 C  15   activity  T4 DNA ligase  

4.  100 l  

 

 Chloroform:Isoamyl alcohol (  24:1)  1  

 vortex  10   13,000   10   

5.   microcentrifuge  1.5 ml  

 

   250 l 

6.  13,000   10   70% (v/v)  

  Sterile deionized water 

7.  1.0% (w/v) agarose gel electrophoresis 

 

 UV transiluminator 

 

  

   DNA-

unwinding assay 

  pET-28a  EcoRI 

  pET-28a  agarose gel electrophoresis (  3.21) 

 pET-28a  EcoRI  (

 3.22 lane  2)  5 Kb   
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 3.22 Agarose gel electrophoresis  pET-28a  EcoRI 

  DNA  HindIII  EcoRI (lane M), lane 1: pET-28a  EcoRI  Lane 2: 

 pET-28a  
 

  T4 DNA ligase  pET-28a 

 EcoRI  DNA-

unwinding assay  3.23 A  B  DMSO  VP16  

(negative control)  T4 DNA ligase (  3.23 A lane  3  6 

 3.23 B lane  3  7)  circularised (circularised form) 

 ( )  ethidium bromide (EtBr)  intercalating agent 

 (positive control)  EtBr  T4 DNA ligase  EtBr 

 pET-28a  linear 

 3.23 A lane  4  5  3.23 B lane 5  6     

   Na, K, Ca, O-hexyl, acetyl, O-allyl, O-benzyl, cinnamoyl, octanoyl, methoxy, p-

OMe-cinnamoyl, p-Cl-cinnamoyl  o-Cl-cinnamoyl  

1 mM  Na, K, Ca, O-hexyl, acetyl, O-allyl, O-Benzyl, cinnamoyl, octanoyl, 

methoxy, p-Cl-cinnamoyl  o-Cl-cinnamoyl 

 T4 DNA ligase  T4 DNA ligase  

 circularised  3.23 A lane  7-13  3.23 B lane  8-13  15-16 

 p-OMe-cinnamoyl (  3.23 B lane  14) 

 T4 DNA ligase  

 (Linear form)  ethidium bromide 

 3.15  T4 DNA ligase 

  human topoisomerase II   DNA-unwinding assay 

Circularised form       

Linear form       

 21226  

bp  

5148  
4973  
3530 
2027  
1904  
1375  
947  
831  

 M      1        2      
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 HSV   

 

 

 

A 

 

  

 

 

 

 
 

 

B 

 

 

 

 

 

 

 

 

 

 

 

C 

 

 

 

 

 

 

 

 

 

 

DN
A 

St
d 

VP16  MGN    Na      K         Ca    O-Hexyl  Acetyl O-Allyl       

Circularised form 

Linear form 
Supercoiled form

DN
A 

St
d 

1%
 D

M
SO

 

 C
on

tro
l 

 5
0 

M
 E

tB
r 

 1
0 

M
 E

tB
r 

1        2       3       4      5               6       7     8       9      10     11      12     13 

pE
T-

28
a 

lin
ea

riz
ed

 

pE
T-

28
a 

+ 
lig

as
e 

1        2        3       4       5        6       7       8        9      10     11      12      13      14 

1%
 

DN
A 

St
d 

10
 

M
 

50
 

M
 

Circularised form 

Linear form 

Supercoiled form

 VP16 MGN O-Allyl Benzyl Cinn Octa  Methoxyp-OMe p-Cl  o-Cl     

DN
A 

St
d 

VP16  MGN    Na      K         Ca    O-Hexyl  Acetyl O-Allyl       

Circularised form

Linear form 
Supercoiled form 

DN
A 

St
d 

1%
 D

M
SO

 

 C
on

tro
l 

 5
0 

M
 E

tB
r 

 1
0 

M
 E

tB
r 

1        2       3       4      5               6       7     8       9      10     11      12     13 

pE
T-

28
a 

lin
ea

riz
ed

 

pE
T-

28
a 

+ 
lig

as
e 

1        2       3        4       5       6       7       8      9      10     11      12      13     14     15     16         

1%
 D

M
SO

 

DN
A 

St
d 

10
 

M
 

Et
Br

 
50

 
M

 E
tB

r 

Circularised form 

Linear form 

Supercoiled form 

 VP16   MGN O-Allyl   Benzyl Cinamoyl Octa  Methyl  p-Met  p-Chloro  o-Chloro     

pE
T-

28
a 

+ 
lig

as
e 

1        2        3        4       5                6        7       8         9 

pE
T-

28
 p

la
sm

id
 

Li
ne

ar
 D

NA
 

DNA break 

 21226  

bp  

5148  
4973  
3530 

2027  
1904  
1375  
947  
831  

1%
 D

M
SO

 

50
 

M
 E

tB
r 

VP16     +           -    ligase  

 lauroyl  

Circularised form 
Linear form 
Supercoiled form 
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 3.23 agarose gel electrophoresis  DNA-unwinding assay    

 T4 DNA ligase  (A) Na, K, Ca, O-Hexyl, Acetyl  O-Allyl  (B) Benzyl, 

Cinnamoyl, Octanoyl, Methoxy, p-OMe-cinnamoyl, p-Cl-cinnamoyl   o-Cl-cinnamoyl (C) Lauroyl 

 1 mM  16 C  30    

 3.15  T4 DNA ligase  

  1 mM  DNA-unwinding assay 
 

DNA-unwinding assay  T4 DNA ligase 
 

non-intercalator Intercalator 

Ethidium bromide (+) - + 

DMSO (- control) + - 

VP16 (- control) + - 

 + - 

-Na+  + - 

-K+  + - 

-Ca2+  + - 

O-Hexyl  + - 

acetyl   + - 

O-Allyl  + - 

O-Benzyl  + - 

Cinnamoyl  + - 

Octanoyl  + - 

Methoxy  + - 

p-OMe-cinnamoyl  - + 

p-Cl-cinnamoyl  + - 

o-Cl-cinnamoyl  + - 

o-Cl-cinnamoyl  +* - 

                      +  = non-intercalator 

                      -   = intercalator 

                      *   = DNA break 
  

 

 topoisomerase II    

   Na, K, Ca, O-hexyl, acetyl, O-allyl, O-benzyl, cinnamoyl, octanoyl, methoxy, p-OMe-

cinnamoyl, p-Cl-cinnamoyl o-Cl-cinnamoyl  luaroyl  eukaryotic topoisomerase II drug 
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screening kit   

topoisomerase II    

 topoisomerase II  (topoisomerase II 

poisons)  DNA-unwinding Assay  , 

Na, K, Ca, O-Hexyl, Acetyl, O-allyl, O-benzyl, cinnamoyl, octanoyl, methoxy, p-Cl-cinnamoyl o-Cl-

cinnamoyl  luaroyl   non-intercalator 

 non-intercalator  

topoisomerase II    

topoisomerase II   surface plasmon resonance assay  

 p-OMe-cinnamoyl   topoisomerase II   

intercalator  p-Methoxycinnamoyl  

 (re-ligation)    

 

 

       ………………………………… 

( . .  ) 

             15   2555 

 

 



 4 
 

 

 
 

 

 anti-herpes  

   

 53%-93%   1H NMR  

   

Xanthone  –OH    2  

  (-OR)  

 4  OMe, O-Hexyl O-allyl, O-benzyl  17%-25% 

 –OH   7  acetyl 

octanoyl, lauroyl, cinnamoyl, p-Cl-cinnamoyl o-Cl-cinnamoyl, p-OMe-cinnamoyl  17-

50%  monoalkyltion  acylation  alkylating agent   

benzyl bromide  benzyl   1  

  –OH  8  

  monoacylation  acetylation  acylating agent  acetyl chloride 

 acylating agent   acylation 

     

 (regioselective)  

  Ultrasound irradiations 

 5% 

 DMSO 

 

,     

  MeOH 

 DMSO  oil   

DMSO   (OR) 

 benzyl (-CH2C6H5)  allyl   MeOH   

DMSO   octanoyl, lauroyl, cinnamoyl, p-OMe-

cinnamoyl, p-Cl-cinnamoyl  o-Cl-cinnamoyl  protic solvent 

 DMSO  non 

polar   oil  acetyl  –OH  
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cinnamoyl    

   

 anti-herpes 

 14   HSV-1 strain F 

 ED50  

 host 

  TI 

 HSV-1 strain F  

acyl   

 alkoxy  methoxy  p-OMe-cinnamoyl  TI  HSV-1 

strain F  

 alkoxy (OMe, O-Bn, O-allyl  O-hexyl ) 

 hexyl, allyl  benzyl  TI  

  hexyl  host   

  alkoxy   methyl  alkoxy  

 HSV-1 strain F  (ED50)  TI  TI  

 alkoxy  unsaturated carbon  allyl  benzyl 

 host   benzyl  dialkoxy 

 HSV-1 strain F (ED50)    TI 

 HSV-1 strain F   

 acyl   octanoyl, lauroyl 

 host  

 HSV-1 strain F  (  ED50 ) 

 octanoyl  ED50    lauroyl 

 HSV-1 strain F   acyl 

  

host    HSV-1 strain F 

 (  ED50 )  unsaturation  cinnamoyl 

  1   host 

  HSV-1 strain F 

 (  ED50 )  electron withdrawing group   

chloro  cinnamoyl  ortho  para  electron 

withdrawing group  Cl   ED50  HSV-1 

  HSV-1 strain F   electron 
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donating group  methoxy  cinnamoyl  para 

  HSV-1   TI 

 HSV-1 strain F   

 TI  

acyl (acetyl, cinnamoyl, octanoyl  lauroyl )  HSV-1 

strain F   unsaturation  cinnamoyl   1  

  TI  2.99   octanoyl (TI = 2.98)  acetyl  

 acetyl  8  (TI = 2.85)   

lauroyl   HSV-1 strain F  

  chloro  cinnamoyl  –OMe 

 HSV-1 strain F   

 cinnamoyl  

  (  

carbon)   octanoyl (C8) 

  HSV-1  envelope  

 carbon   lauroyl (C12)  

 HSV-1   HSV-1 strain F 

 carbon  acyl  HSV-1  

 

 

 topoisomerase II    

  Na, K, Ca, O-hexyl, acetyl, O-allyl, O-benzyl, cinnamoyl, octanoyl, methoxy, p-OMe-

cinnamoyl, p-Cl-cinnamoyl  o-Cl-cinnamoyl   eukaryotic topoisomerase II drug screening kit 

  topoisomerase II    

 topoisomerase II  (topoisomerase II 

poisons)  DNA-unwinding Assay  , Na, 

K, Ca, O-hexyl, acetyl, O-allyl, O-benzyl, cinnamoyl, octanoyl, Methoxy, p-Cl-cinnamoyl o-Cl-cinnamoyl 

  lauroyl  non-intercalator 

 topoisomerase II    lauroyl  plasmid DNA pET-28a 

  topoisomerase II 

  surface plasmon resonance assay   p-OMe-cinnamoyl 

 topoiso-merase II   intercalator  p-OMe-cinnamoyl 

 

 (re-ligation)   human topoisomerase II   
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DNA-unwinding assay   

 HSV   
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