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Abstract 

The aim of this thesis was to evaluate pre-existing methods for isolation and synthesis 

of curcumin. Two different isolation methods were used, where only the extraction step 

differs from each other. To obtain pure curcumin, column chromatography was needed 

to separate the compound from its analogues. As for the isolation the synthesis was also 

carried out by two different methods, the first in a conventional way and the second one 

by using irradiation of microwaves.  

The result of the experiments shows that by comparing the effectiveness and expense of 

the methods, the synthesis would probably be the easiest way of obtaining pure 

compound. Because of a more straightforward method, without cumbersome separation 

steps from curcumin analogues, the synthesis was a faster way of obtaining the 

compound and gave more pure curcumin than the isolation procedures from turmeric.   
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1 Introduction  

 

1.1 Aim  

The aim of this thesis was to evaluate pre-existing methods for isolation and synthesis of 

curcumin. Two different methods were chosen to synthesize the compound, one 

conventional synthesis and another one using microwaves. Methods for isolation include 

different extraction procedures and separation by column chromatography with further 

purification by crystallisation.  

The purpose was to perform both synthesis and extraction experiments to evaluate what 

kind of method would be the most convenient and the most effective way of obtaining pure 

curcumin. 

 

1.2 Background 

Curcumin is a phytochemical found in the Indian spice turmeric, Curcuma longa. Because 

of the conjugated system of the molecule, curcumin gives the characteristic yellow colour of 

turmeric. Due to its strong colouring ability, curcumin is used in food and textile industries. 

It is also used as a preservative 1 and the food additative number of curcumin is E100 2.  

Turmeric does not only contain curcumin (compound A), but also its analogues 

demetoxycurcumin (compound B), bisdemetoxycurcumin (compound C) and the water-

soluble protein turmerin. The biological and molecular properties of curcumin and its 

analogues are similar. It is suggested that in natural pathways the bisdemethoxycurcumin 

converts to demethoxycucumin, which in turn converts to curcumin (Fig 1). The ratio 

between the analogues in an extract obtained from turmeric is curcumin ~75 %, 

demethoxycurcumin ~ 16% and bisdemethoxycurcumin ~8%. 2 
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Fig 1. The crucial sites for the antioxidant properties of the molecules and how the molecules transform 

from bisdemethoxycurcumin to curcumin. (Irving, G. R. B., et al. 2011. Curcumin: The potential for efficacy in 

gastrointestinal diseases. Best Practice and Research: Clinical Gastroenterology 25, (4-5): 519-34.) 

 

Turmeric has a central role in Asian medicine. The Hindu scripture, called the Ayurveda, is 

referring to the use of the spice for thousands of years because of the intrinsic abilities it 

posses to combat different diseases and inflammations. Diseases that have been treated with 

turmeric are wounds, skin diseases, liver disorders, and pulmonary- and gastrointestinal 

diseases 3,4. The active molecules mentioned above are the main reason to the positive 

effects of the spice. One of the more important effects is curcumin’s ability to scavenge free 

radicals. This effect has a huge impact in several diseases such as Alzheimer and 

Parkinson’s disease. 

In Alzheimer patients a chronic inflammation is occurring because of activated 

macrophages and an increased amount of cell signalling proteins. Free radicals are released 

because of the inflammation, which leads to cell damage and cell death. There are studies 

showing that non-steroidal anti-inflammatory drugs (NSAID) reduce the risk of Alzheimer. 

But using these in long-term would intoxicate the renal function, the liver and the 

gastrointestinal area. Curcumin could be an option to NSAIDs because of its anti-oxidant 

effect of scavenging free radicals without intoxicating the organs. 5 

The anti-oxidant effect and the phytochemical property are determined by the keto-enol 

tautomerization (Fig.1). By the delocalization of the electrons of the carbonyl oxygen, the 
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enol group functions as a hydrogen radical donor, and plays an important role for 

scavenging the free radicals. Through this mechanism, curcumin can reduce oxidative-stress 

including lipid peroxidation in diseases like Parkinson, Alzheimer and HIV as a few 

examples. 6  

A drug called AZT is used to treat HIV patients. Research has shown that AZT in 

combination with the water-soluble protein 7 turmerin will improve the results of the 

treatment. The combination will not only treat the ongoing inflammation in the infected 

cells but also inhibit the infection of healthy cells. As a result of the combination a lower 

dose of AZT is needed which in turn decreases the toxicity 8 of the drug. 1 

The ability to undergo several biochemical modifications is an important property that 

curcumin posses to combat cell damage. Another great property is that curcumin target 

several different cell-signalling pathways, and therefore could be used in cases with 

neoplastic disease. 2 The components used as chemopreventive drugs are divided into 

suppressing agents and blocking agents. The first one mentioned blocks the cell growth of 

the carcinogenic progress and the second one prevents carcinogenic activation. Curcumin 

posses both abilities and presents a multiple mechanism of action.  

The description of curcumin is that it induces programmed cell death in cancer cells without 

damaging the healthy cells, and that it also inhibits the process of growing new blood 

vessels from pre-existing ones. The natural curcumin has three OH-groups that are 

important to the anti-cancer activity. In some diseases the targeted pathways are mutated or 

absent. In that case curcumin’s ability to promote multiple cell signalling pathways could be 

a great use as a treatment, which hopefully could provide results when the ordinary drugs do 

not work. 9 

However, because of the poor bioavailability of curcumin, it is not alone used as a drug. A 

rapid metabolism and a poor absorption are the main reasons for the poor bioavailability 10. 

One way to circumvent this problem is to synthesize curcumin and its analogues for 

developing new derivatives with special modifications to increase the bioavailability, for 

example by extending the alkyl group chain 11.  
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Other ways to circumvent the problem is to use an adjuvant like piperine. Studies have 

shown that piperine is a potent inhibitor of drug metabolism and by using it together with 

curcumin the bioavailability could increase with 2000 % 2,10,12. Another method is to use 

nanoparticles, which could be suitable for curcumin along with other molecules with poor 

aqueous solubility. However, there are only a few studies made on this kind of method 10. 

Due to the increased interest of the compound, a method for obtaining curcumin in a simple 

way with low costs and high yields should be of interest, as well as to find synthetic ways 

for extended derivatisation. 

 

1.3 Extraction of curcuminoids from Turmeric 

Literature studies have shown that the extraction of curcumin from turmeric could be done 

in several different ways. The curcuminoids (Fig 1) are not water-soluble and therefore 

extractions have to be made in nonpolar solvents. In previous studies hexane, acetone, 

ethylene dichloride and different alcohols have been used to extract the curcumin analogues. 

It has been shown that the best yield has been obtained from the attempts where the 

extraction is made by acetone. 13 

One way to extract the compounds is to use a soxhlet apparatus (Fig.2), and it implies that 

the extraction and filtration of the product is done in the same step. The powder of turmeric 

is put in a paper thimble in a glass container. The vapour of heated solvent is condensed 

when it reaches the glass container and fills it up. When the volume of the extract reaches a 

certain level, the filtrate will flow back by leverage to the round bottom flask containing the 

solvent. By observing when the filtrate becomes colourless, the extraction is stopped. 13 

Another way to extract the curcuminoids is to suspend the turmeric powder in acetone and 

stir it for several hours. To get rid of the remaining unsolved material from the turmeric 

powder, the solution is filtered off. The quantity of the curcuminoids can be analyzed by 

using a HPLC with a suitable mobile phase. However, to separate the molecules in a larger 

amount, column chromatography has to be done with an appropriate mobile phase. The 

mobile phase is chosen by testing different solvents on TLC with UV-detection to get 

appropriate Rf values, and an optimized separation of the curcuminoids. Further purification 

of purified and separated curcuminoids can be done by crystallization. 14 
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Fig. 2 Soxhlet apparatus                                                              

(http://www.aquaculture.ugent.be/Education/coursematerial/online%20courses/ATA/analysis/crudprot.htm) 

 

 

1.4 Synthesis of curcumin 

Another way of obtaining curcumin is to synthesise the product. Commonly vanillin is used 

as a component along with acetyl acetone and boron oxide. A boron complex is made in the 

first step by acetyl acetone reacting with boron oxide (Fig.3) 15. The purpose of the complex 

is to reduce the reactivity of the methylene group between the carbonyls by making it less 

nucleofilic. Due to the shielding, the terminal methyl groups will participate in the 

upcoming aldol reaction instead of the methylene 6,16. By removing a hydrogen atom from 

one of the methyl groups, by using n-butyl amine, the carbon will act as a nucleophile on the 

carbonyl carbon in the vanillin in an ordinary aldol condensation (Fig 3).  

Due to the ease to obtain the conjugated system through the molecule, a dehydration of the 

obtained aldol product will occur probably through an E1cB mechanism. The boron 

complex will be destroyed in the final step by addition of a hydrochloric solution.  

Another method of synthesize curcumin, is by doing a microwave assisted reaction with the 

same components as mentioned above, by using a domestic microwave oven. In 
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conventional heating the heat passes through the vessel wall before it reaches the content. 

This procedure takes time and energy. By agitating the content with microwaves the electric 

field makes the dipoles of the molecules to rotate in the try to align with the field. The result 

of this motion is that the temperature will rise rapidly with a direct interaction of the 

reacting content. A more homogeneous heating occurs and the time of heating is reduced. 

The method is also more rapid and environmental friendly than the conventional heating as 

less or no solvent is needed. The yields of the desired product in microwave-assisted 

reactions are many times excellent. 16,17 However, the drawback in these type of reactions 

are the possible overheating and problems in finding the optimal time for termination of the 

irradiation. 

 

 

Fig 3. Mechanism proposed for the synthesis of curcumin from vanillin. 
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There are some differences between the presented mechanism of the synthesis and the 

biosynthesis done in the natural pathway. Nature has its own way to synthesise the product 

with steps including enzyme catalysis and Claisen reactions. The starter unit is stated to be 

feruoyl-CoA, which is extended by malonyl-CoA (Fig 4, the pathway to the right). With help 

from an enzyme the SCoA attached on the terminal carbon is turned into a hydroxyl group. 

Then by another Claisen reaction activated by decarboxylation, another feruloyl-CoA is added 

to the former Claisen product resulting in the final curcumin. 18 Feruloyl-CoA is originally 

derived from the amino acid phenylalanine. 19 

 

 

 

Fig. 4 The biosynthesis from feruloyl-CoA to curcumin. (Dewick, M. Paul. 2009. Medicinal natural products: A 

biosynthetic approach. 3rd ed.Wiley,page 168. )
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2 Experimental part 

2.1 Extraction  

To get a good result from the extraction, it is important to find a solvent that have the ability 

to extract curcumin together with the other two curcuminoids. As they are analogues, the 

polarity of the compounds is very similar and reaches from nonpolar to half polar, and 

therefore a half polar solvent was the most appropriate choice for the extraction procedure. 

The solvent of choice was acetone for all experiments. 

Two methods were tried out, one by using a soxhlet apparatus and another one dissolving the 

turmeric in acetone followed by several hours of stirring. The obtained product from the 

second method were filtered and then concentrated in a rotary evaporator. 

 

2.1.1 Soxhlet extraction (B1) 

A large filter paper was used instead of a paper thimble. The paper was folded so that it could 

contain 20 g of turmeric powder and was then placed in the soxhlet apparatus. 200 mL 

acetone was heated and refluxed for extraction of the “filter paper thimble”. The procedure 

was monitored until the yellow colour of the extractions faded after 5 h. An advantage with 

soxhlet extraction was that no further filtration was needed before it was concentrated. The 

obtained extract gave a crude yield of 2,6 g, which was purified by column chromatography. 

 

2.1.2 Slurry extraction (B2-B4) 

20 g of turmeric powder was mixed in 200 ml of acetone and stirred for 48 hours. The 

solution was filtered on a silica filter and the obtained product was concentrated. In different 

attempts with varying stirring times, the obtained concentrated yield was in the range of 2.0 g 

-2.2 g. The optimal time of stirring was found to be 48 h. The concentrated extract was 

transferred to a column for separation and further purification. 
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2.2 Separation 

All extractions were purified by column chromatography to separate curcumin and its 

analogues. The column was packed by 100 mL of silica gel in dichloromethane. A suitable 

mobile phase to elute the compounds was chosen by determination of the Rf values on TLC 

plates with UV-detection. Therefore an elution system of dichloromethane-methanol (97:3) 

was chosen, which gave the optimal separation between the three curcuminoids. The first 

column was made to purify the extract from possible unidentified compounds remaining from 

the turmeric powder. By TLC-analysis the fractions were controlled with the mobile phase 

dichloromethane/methanol (97:3). However, the separation of the three analogues after the 

first column chromatography was not optimal. A second column was made with the same 

amounts of silica and dichloromethane, in an attempt to get a better separation. Unfortunately 

the results analyzed by TLC, did not show any better separation. Most of the fractions from 

the first chromatography were more or less unseparated, except for a few fractions containing 

pure curcumin (A). Pure samples of each of the curcuminoids A-C were obtained after 

repeated columns of the semi-separated pooled fractions. The pure compounds were analyzed 

by 1H-NMR. 

Compound A: 1H NMR (CD3)2CO δ (300ΜΗz): 3.90 (6H,s), 5.93 (1H, s), 6.60 (2H,d), 

6.82 (2H, d), 7.10 (2H, d), 7.18 (2H, s), 7.56 (2H, d) 

Compound B: 1H NMR (CD3)2CO δ (300ΜΗz): 3.93 (3H, s), 5.98 (1H, s), 6.68 (2H, d), 

6.90 (3H, m), 7.18 (1H, d), 7.34 (1H,s), 7.57 (2H, d), 7.63 (2H, s) 

Compound C: 1H NMR (CD3)2CO δ (300ΜΗz): 5.98 (1H, s), 6.66 (4H, d), 6.90 (3H, d), 

7.56 (4H, d), 7.63 (1H, s) 
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  2.3 Synthesis 

 

Two methods with different activation procedures were tried for the chemical synthesis of 

curcumin. The first one was carried out the conventional way with stirring and the second 

one by using microwave-assisted activation.  

 

2.3.1 Conventional synthesis of curcumin 

A mixture of 0.51 ml (5 mmol) acetyl acetone and 0.244 g (3.5 mmol) boron oxide was 

dissolved in 5 ml ethyl acetate and heated under stirring at 75 °C for 60 min. 

A solution was made of 1.5 g (10 mmol) vanillin and 2.4 ml (10 mmol) tributylborate 

dissolved in ethyl acetate. The mixture was stirred for 45 min before it was added to the 

reaction mixture of the complex acetyl acetone-boron oxide. The combined mixture was 

heated at 100 °C for 60 min. 0.25 ml (2.5 mmol) n-butylamine was solved in 5 ml ethyl 

acetate. 3.85 ml of this solution was added dropwise during a period of 90 min to the 

mixture, which was stirred for another 18 h at 85 °C. The reaction was cooled to 60 °C 

and a preheated (60 °C) aqueous HCl solution (5 ml, 10%) was added, and then stirred 

for another 60 min at 60 °C. The mixture was cooled and extracted several times with 

ethyl acetate. The organic layers were dried over MgSO4 before the product was placed 

on a column in order to separate possible contaminations. Elution was made with a 

gradient of dichloromethane and methanol (100:0 to 97:3).  TLC was used to monitor 

the result in the fractions. The product was pooled and concentrated in a rotary 

evaporator. Crystallisation was carried out in methanol. The obtained crystallized yield 

was 0,517 g (28%). 1H-NMR confirmed the product of curcumin. 

1H NMR (CD3)2CO δ (300ΜΗz): 3.82 (6H,s), 5.88 (1H, s), 6.61 (2H, d),  6.82 (2H, d), 

7.05 (2H, m), 7.20 (2H, s), 7.51 (2H, d)     
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2.3.2 Microwave synthesis of curcumin 

A mixture of 0.7 g (10 mmol) boron trioxide and 1.0 g (10 mmol) of acetyl acetone was 

made in a flask. The mixture was sonicated to obtain a homogeneous solution. 3.0 g (20 

mmol) of vanillin was dissolved in 3 ml ethyl acetate, containing 50 mg of acetic acid and 

50 mg of morpholin before it was added to the homogeneous mixture. The solution was 

agitated in a microwave oven 14 times at 150 W, in intervals of 15 seconds with a 30 second 

period of cooling in between to prevent overheating. TLC tests with UV-detection were 

made to follow the proceeding of the reaction. The product was dissolved in 50 mL of 

methanol, concentrated and re-crystallized in a small amount of methanol. The crystallized 

yield obtained from the synthesis was 0,495 g (14%). 1H-NMR confirmed the product of 

curcumin.  
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  3 Results and discussion 

3.1 Yield  

 Results from the extractions are summarised in the table below (Table 1). The first batch 

(B1) was extracted by the soxhlet method while the other three batches (B2-B4) were made 

with the slurry method. The yields of the concentrated crude extracts were in the range    

2.0 g -2.6 g. The chromatography yield presented, is the total amount of pooled fractions 

containing the compounds A-C after the first column chromatography. The percentage of 

the compounds obtained in the fractions is seen to the right in the table. 

 

Table 1. Extraction yield 

Yields of pooled fractions 
Batch Time of 

stirring 
Crude extraction 

yield 
Chromato-graphy 

yield a  
Ab B b C b AB b ABC b 

B1 - 2.6 g 1.07 g 17% - - - 83% 
B2 48 h 2.2 g 0.69 g 44% 28% - 28% - 
B3 24 h 2.0 g 1.51 g 3% 1% 12% 84% - 
B4 100 h 2.1 g 1.54 g 11% - 28% - 61% 

a The total yield of pooled fractions of curcuminoids (A-C) after the first column chromatography. b 
Percentage of the compounds in the pooled fractions. A: Curcumin, B: Demetoxycurcumin, C: 
Bisdemetoxycurcumin 

 

Both the conventional heating and microwave-assisted synthesis gave pure curcumin as 

crystals in the yields of 28% and 14%, respectively. 
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3.2 Discussion 

In the isolation process of the compound, some difficulties were discovered. The first 

extraction step was made by two different methods, one by using soxhlet apparatus and the 

other by doing a slurry extraction in acetone. Both of the methods were relatively simple 

procedures and no complications occurred. However, in the separation step done by column 

chromatography difficulties were found. Even though the solvents used in the experiments 

were the same as in previous studies, it did not give similar results. 13  

In some of the batches, the most appropriate solvent crystallized the product. This was an 

issue when the extracts or pooled fractions were transferred to the column. The compounds 

crystallized on the column, which may have resulted in irregular separations. Crystallization 

also occurred in the fractions before it was transferred to the column, and therefore a small 

amount of acetone was added. This could have affected the separation and made the 

molecules run faster through the column.  

Both flash column and gravity column were tried to evaluate if there were any differences in 

the result of the separation, but no preference were observed. Even though different methods 

in both the extraction step as well as in the separation step were done, the final yields were 

quite similar to each other.  

Due to the crystallization problem in the chromatography, different solvents and solvent 

mixtures were tried on TLC in the hope to find a better mobile phase, which could separate 

the molecules better and decrease the problem with the crystallization. Unfortunately almost 

all of the tests showed no separation at all.  

Because of the similarity of the structures of the curcuminoids, the polarity of the molecules 

is almost the same. Fractional crystallizations of mixtures were made but with unsuccessful 

results. Knowing about the problem involving the solvents, perhaps more time should have 

been spent on further solubility and crystallization tests of the compounds. By this, the 

experiments could have been optimized and hopefully no re-runs of the chromatography 

would have been necessary. 

A test was made between three of the batches to evaluate if the yield of extracted 

curcuminoids could be increased. All of the tests included turmeric powder stirred in 

acetone but with varying time of the stirring. The result showed that no striking differences 

were detected between the time of the stirring and the crude extraction yield, when tested 

between 24-100 h. 
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Acetone was, accordingly to the previous studies, the best solvent for extracting curcumin 

from turmeric. However, because of the great abilities of acetone as a solvent, perhaps more 

than just the desired compounds were extracted from the turmeric. That could have affected 

the problems with the chromatography. 

In the synthetic method using microwaves, instead of conventional methods with solvents, it 

was hard to dissolve the obtained product. Perhaps the reaction should have been carried out 

at a lower effect or the intervals of cooling in between should have been longer. Further 

more, the high temperature could have destroyed some of the product. This method was 

only tried once and therefore it was not optimized. By finding an optimal way of performing 

this reaction an increase of the yield would be possible, and it would probably be the fastest 

way of obtaining the pure compound.  

The conventional synthesis was a straightforward method and no major complications 

occurred. This method was only tried once and therefore it could probably be optimized to 

get a better yield.  

By comparison of the effectiveness and expense of the methods, the optimized chemical 

synthesis would probably be the best way of obtaining pure compound. Even though the 

methods of isolation would be cheaper given the chemical costs of the synthesis; the column 

chromatography could easily beat it. Due to the solvent issue and the inaccuracy of the 

separation, several columns have to be used and the cost of the method will thereby be 

increased. 

Another positive aspect of synthesizing the compound is that modulations, to obtain 

derivatives of the compound with increased bioavailability, can be made at the same time. 

These derivatives are essential for the biochemical research to find out the effects of 

curcumin in several diseases. 

 

. 
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4 Conclusion 

The conclusion of this thesis is that the easiest and most effective way to obtain pure    

curcumin, is by synthesizing the compound. By using this method the need of separation of 

the analogues is not necessary. For biochemical investigations, derivation and modification of 

curcumin is more convenient to obtain by chemical synthesis. If the microwave-assisted 

reaction could be optimized, it would be the fastest way of obtaining the compound. 
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