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Scheme 4. Synthesis of a carboxylic acid 2 through a Jones oxidation (continued on the next page) 
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The effect of the base, reaction temperature, and the addition order of reagents were investigated.  

Potassium carbonate was pulverized to a powder to allow the reaction to proceed more quickly.  This 

resulted in more of the di substituted product and resveratrol as confirmed by thin layer chromatography 

(TLC).  The structures of the di and tri substituted resveratrol are shown in Figure 5. 

 

 

 

 

 

 

 

 

Figure 5.  The structures of di and tri substituted resveratrol products 

Then other bases were tested for a better exchange between their cations and the hydrogen of the 4’ 

position.  There was no reaction when sodium carbonate was used.  There was overreaction when cesium 

carbonate was used.  The reaction mixture stuck to the side of the glass cylinder.  The various 

temperatures evaluated were room temperature, 50˚C, 65˚C, and 70˚C.  Both reactions at room 

temperature and 50˚C showed no product.  The best temperature for the reaction was 65˚C.  Over 70˚C 

the product was mostly the di and tri substituted products.  The last attempts to improve the yield were 

experimenting with the order of addition of reagents.  Potassium carbonate was allowed to react with 

resveratrol for an hour before adding the ester.  The di and tri substituted products were the most 
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dominant spots on the TLC.  Further investigation of similar research suggested adding the ester slowly 

[17 & 20].  A little more of the mono substituted product was collected but was still very impure.  The 

largest quantity of the final compound was collected when half of the ester and potassium carbonate were 

added within the first eight hours of the reflux.  A large silica TLC plate was used for the final 

purification because Recrystallization was impossible with so little crude product.  The final product was 

only 92% pure and weighed 5 mg.  Another synthetic route was attempted with a different ester, ethyl 6-

bromohexanoate, to improve the overall yield of the mono-substituted product.  A summary of the 

experimental attempts are found in Tables 2 through 4.  

Table 2.  Variable bases used to react in Williamson etherification reaction 

Base Reacitivity Yield (%) 

Sodium Carbonate No Reaction 0  

Potassium Carbonate 

(pulverized) 

Best Reaction 3.5  

Cesium Carbonate Gumm like substance stuck to 

Glass 

0  

 

Table 3.  Experimental temperatures for the Williamson etherification reaction 

Temperature of Reaction (˚C)  Reactivity  Yield (%) 

50 No Reaction 0  

65 4 mg 4’para 2.4  

70 ≤ 2 mg 4’para 1  
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Table 4.  The addition of reagents in various experiments for the Williamson etherification 

Reagent Addition Reaction  Yield (%) 

Base +  Resveratrol for 1 hour 2 mg 4’ product 1  

60 % Ester + 70 % Base first 8 

hrs 

3 mg 4’ product 1.5  

50 % Ester + 50% Base first 8 

hrs 

4 mg 4’ product 2  

 

Synthesis of 3,5,4'-Tri-O-acetyl-resveratrol 
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Compound 6 is the product of an acylation reaction, shown in Scheme 9.  Triethylamine 

acts as a nucleophile attacking the acyl carbon.  The carbonyl carbon then forms a bond with the 

4’ oxygen of resveratrol.  Finally, the triethylamine breaks off to form triethylamine 

hydrochloride.  After 12 hours the 4’, 3, and 5 phenol positions are acylated, (Scheme 5).  The 

final product, 3, 4’, 5’-tri-O-acetyl resveratrol, was a white compound.  The experimental yield 

was 76% while the literature yield was 90-95% [32, 33, & 34]. 
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Scheme 9.  Acetylation of resveratrol at each of the phenol groups 
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Synthesis of 3, 5-Di-O-acetyl-resveratrol 
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Compound 7 was obtained as an off white flakey solid.  It was the product of an 

enzymatic alcoholysis, as shown in Scheme 10.  Butanol acted as a nucleophile, attacking the 

carbonyl carbon.  Once the double bonded oxygen reformed, the ether bond breaks leaving an 

oxygen anion.  The hydrogen from the butanol group bonds to the oxygen anion producing 3, 5-

di-O-acetyl-resveratrol and an ether (Scheme 6).  Most of what was recovered from column 

chromatography was starting material.  If the enzyme could have been recycled, and more time 

given for the reaction, then more of the product could have been separated.  The experimental 

yield was 20% while the literature yield was 22% [32, 33, & 34].  
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Scheme 10.  Enzymatic hydroxylation at the 4’ para position 

 

Synthesis of 3.5-Di-acetyl(4’-ethyl 6-oxyhexanoate) stilbene 
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Selective alkylation of compound 7 afforded an impure 8.  The same Williamson ether 

synthesis as compound 5 was employed for the selective deprotonation of the organic acid 

followed by alkylation of the phenol, as shown in Scheme 11.  After separation using column 
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chromatography one spot was seen on a TLC.  However, an NMR spectrum showed impurity 

within the stilbenes area, 7.5-6.4 ppm.  The compound could not be further purified and no other 

experimentation followed. 

 

 

 

 

 

 

 

 

 

Scheme 11.  The selective alkylation of 4’ para hydroxyl using a Williamson etherification 

reaction 
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Synthesis of 4-[(1E)-2-(3, 5-Diacetyloxyphenyl)ethenyl] phenyl N-[(1,1-

dimethylethoxy)carbonyl]-glycinate 
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The final compound synthesized was compound 9.  A glycine molecule was attached to 

resveratrol through an esterification reaction, as shown in Scheme 12.  Dicyclohexylcarbodiimide 

(DCC) first attaches to the alcohol functional group of the glycine.  Then the anion of another 

glycine attacks the carbonyl carbon of the carboxylic group forming an anhydride and 

dicyclohexyl urea.  An ester anion of the anhydride is removed when the compound reacts with 4-

dimethylaminopyridine.  Finally the 4’ deprotonated oxygen attacks the carbonyl carbon of the 

amide breaking the nitrogen bond and producing the final ester (Scheme 8).  The final product 

was a white solid.  The literature product yield was 70% while the experimental yield was 56%.  

The compound was characterized using 
1
H NMR, 

13
C NMR, IR, MS, and melting point. 

.  
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Scheme 12. Synthesis of final analoge of resveratrol 
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CHAPTER 3 

CONCLUSION 

The objective of this research has partially been fulfilled with the synthesis of the pure 

compound 9, 4-[(1E)-2-(3,5-diacetyloxyphenyl)ethenyl]phenyl N-[1,1-dimethylethoxy)carbonyl]-

glycinate. Two synthetic routes were attempted each using a different ester to link to the 4’ 

position of resveratrol.  The objective of both was to esterify resveratrol at the 4’ position. This 

molecule can be further converted to resveratrol glycinate with a free amino group, which would 

enhance the water solubility of resveratrol. 

The major synthetic routes are the chemical and enzymatic esterification of phenolic 

compounds.  The chemical synthesis proved to be difficult because of the heat sensitivity of 

phenolic acids as well as its susceptibility to oxidation in alkaline media.  When using the 

iodoester the reaction was carried out at 65˚C, and at 50˚C in the case of the bromoester.  The 

melting point of resveratrol is 253-255˚C, but side reactions could occur because chemical 

synthesis is relatively unselective.  It also involves many intermediate stages and purification 

steps to remove byproducts and catalyst residues.  The Williamson ether synthesis is carried out 

in acetone using anhydrous potassium carbonate as the base [10, 35-39].  Once the reaction time 

has expired, the potassium carbonate is decomposed using ammonium chloride.  This is to avoid 

an alkaline media that can over oxidize resveratrol [5 & 17].  Other research groups prepared 

their derivatives under N2 atmostphere to avoid secondary reactions [17].  The enzymatic 

esterification of phenolic compounds has several advantages over chemical synthesis.  This 

includes:  mild reaction conditions, minimization of side reactions and byproducts, selectivity, a 

wider variety of pure synthetic substrates, fewer intermediary and purification steps, and more 

environmentally friendly process [10, 26, 40].  An enzymatic process was seen within the second 

method of synthesis, enzymatic alcoholysis, and although there was no side reactions very little 
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product was obtained.  The literature ratio of product formed to recovered reactant was 30:70 

[34].  The enzyme, C. Antarctica, is a relatively expensive reactant that was disposed of after 

each reaction.  The last step was a Williamson ether synthesis but did not give any of the desired 

product.  The product showed one spot on the TLC but the NMR spectrum was inconclusive and 

showed impurities.  The compound could not be further separated using column chromatography.  

There was so little product from the previous reaction, enzymatic alcoholysis, the amount of final 

product was only 4-5 mg.  This amount was too small for column chromatography and because 

the spot could not be separated on a TLC plate the product and impurity cannot be distinguished 

using a large TLC plate.  The factors that need to be considered for good chemical esterification 

yields include solubility of substrates and products, solvent polarity, temperature, and water 

content [10]. 

An acceptable analogue of resveratrol was synthesized using an esterification method 

with a glycine derivative.  The compound had to be separated from the starting material using 

column chromatography.  The characterization tests showed a pure compound, 15 mg of 9, 4-

[(1E)-2-(3,5-diacetyloxyphenyl)ethenyl]phenyl N-[1,1-dimethylethoxy)carbonyl]-glycinate . 
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APPENDICES 

APPENDIX A. 
1
H NMR Spectrum of Compound 2 in CDCl3 
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APPENDIX B. 
1
H NMR Spectrum of Compound 3 in CDCl3  
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APPENDIX C. 
1
H NMR Spectrum of Compound 4 in CDCl3 
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APPENDIX D. 
1
H NMR Spectrum of Compound 5 in CD3OD 
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APPENDIX E. 
1
H NMR Spectrum of Compound 6 in MeOD 
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APPENDIX F.  
1
H NMR Spectrum of Compound 7 CDCl3 
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APPENDIX G. 
1
H NMR Spectrum of Compound 8 in CDCl3 
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APPENDIX H. 
1
H NMR Spectrum of Compound 9 in CDCl3 
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APPENDIX I. 
13

C NMR Spectrum of Compound 9 in CDCl3 
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APPENDIX J.  IR Spectrum of Compound 9 
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APPENDIX K.  GCMS Spectrum of Compound 9 
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