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Útdráttur 

Þegar lyf er hvarfað við fituefni getur virkni lyfsins varið mun lengur heldur en þegar það er 

á saltformi sínu eins og algengt er fyrir lyf.[1] Einnig getur raunskipan efnisins haft áhrif á 

virkni þess í líkamanum. Markmið verkefnisins var að smíða þríglýseríð úr R-sólketali, þar 

sem fjölómettaða fitusýran EPA var í sn-1 stöðunni, mettaða fitusýran capric sýra í sn-3 

stöðunni og lyf í miðju stöðunni. Aspirín og ibúprófen voru prófuð en S-naproxen gaf bestu 

niðurstöðurnar. Gætt var að því að varðveita skipan upphafsefnisins í gegnum alla 

efnasmíðina. Náðist að smíða lokaefnið, 3-decanoyl-1-[(5Z,8Z,11Z,14Z,17Z)-eicosa-

5,8,11,14,17-pentaenoyl]-2-[(S)-2-(6-methoxynaphthalen-2-yl)propanoyl]-sn-glycerol (5), 

en þetta efni hafði ekki verið smíðað áður. 

Heildarefnasmíðin var framkvæmd í sex skrefum. Benzýl brómíð var hvarfað inn á sn-1 

stöðuna á R-sólketali til þess að vernda þá stöðu. Þá voru sn-2 og sn-3 stöðurnar afverndaðar. 

Candida antarctica lípasinn var notaður til þess að tengja kaprísýru inn á sn-3 stöðuna. 

Notað var DMAP og EDCI til þess að tengja S-naproxen inn á mið stöðuna. Þá var sn-1 

staðan afvernduð með hvötuðu vetnisrofi með palladíum á koli. EPA var loks tengt inn á þá 

stöðu með DMAP og EDCI til þess að fá lokamyndefnið. 

Bygging allra efnananna sem smíðuð voru var sannkennd með 1H NMR og 13C NMR 

mælingum auk IR mælinga, ljósvirknimælinga og nákvæmra massagreininga. Einnig voru 

tekin COSY og DEPT-135 róf af efninu í næst síðasta skrefinu og COSY og HETCOR róf 

af lokaefninu. 

 

 

 

 

 

 

 

 



 

Abstract 

When a drug is reacted with fatty substances, drug activity can be extended compared to 

drugs in their salt form, which is common for drugs.[1] The chirality of a compound can also 

impact its activity in the body. The aim of the project was to synthesise triacylglycerol from 

R-solketal, where the polyunsaturated fatty acid, EPA, was at the sn-1 position, the saturated 

fatty acid, capric acid, at the sn-3 position and a drug located at the middle position. Aspirin 

and ibuprofen were tried, but eventually S-naproxen gave the best results. Care was taken to 

maintain the chirality of the starting material through the synthesis. The desired product, 3-

decanoyl-1-[(5Z,8Z,11Z,14Z,17Z)-eicosa-5,8,11,14,17-pentaenoyl]-2-[(S)-2-(6-

methoxynaphthalen-2-yl)propanoyl]-sn-glycerol (5), was synthesised, but this compound 

hadn’t been made before. 

The synthesis was carried out in six steps. A benzyl protecting group was placed at the sn-1 

position on the R-solketal. Deprotection at the sn-2 and sn-3 position was carried out. CAL-

B was used to couple the capric acid to the sn-3 position. DMAP and EDCI were used to 

couple S-naproxen to the middle position. The sn-1 position was deprotected by catalytic 

hydrogenolysis with palladium on charcoal. EPA was coupled to that position, with DMAP 

and EDCI, to give the final product. 

The identity of all synthesised compounds was verified and they were all fully characterized 

by 1H NMR and 13C NMR measurements as well as IR measurements, specific rotation and 

mass spectrometry. COSY and DEPT-135 spectra were measured for the compound from 

the fourth step. COSY and HETCOR spectra were measured for the final product. 
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1 Introduction 

The thesis consists of five chapters. First there is an introduction that gives some general 

background for compounds that were used in the project. There is also an introduction to 

stereochemistry and acyl migration because these two factors played an important role in the 

project. The second chapter gives a brief overview of the project and the synthesis. The third 

chapter consists of results and discussion. The fourth chapter includes an experimental 

section and the last chapter concludes the project. 

 

1.1 Fatty acids 

Fatty acids (FAs) are carboxylic acids with an aliphatic chain, which is either saturated or 

unsaturated. Most naturally occurring fatty acids have an unbranched chain and an even 

number of carbons (4-28 carbons). However, odd-numbered fatty acids are frequent in 

bacteria and lower plants or animals. FAs are usually derivatives of triacylglycerols or 

phospholipids. Fatty acids have different chain lengths, categorized as short to very long. 

Short-chain fatty acids (SCFAs) are fatty acids with 2 to 6 carbon atoms. Medium-chain 

fatty acids (MCFAs) have 8 to 12 carbon atoms. Long chain fatty acids (LCFAs) have 14 to 

24 carbon atoms and very long chain fatty acids (VLCFAs) have tails longer than 24 carbons. 

 

1.1.1 Saturated fatty acids 

Saturated fatty acids (SAFAs) have no double bonds, that is, their hydrocarbon chains are 

saturated with hydrogen. They are solid at room temperature when they contain ten carbons 

or more.[2] Decanoic acid (capric acid) is a saturated fatty acid. Its structure is shown in 

Figure 1.1. Salts and esters of decanoic acid are called decanoates or caprates. The name 

capric acid is derived from the Latin word capra (means goat) because the sweaty, unpleasant 

smell of the compound is reminiscent of goats. Capric acid occurs naturally in coconut 

oil (about 10%) and palm kernel oil (about 4%). It is also found in the milk of many 

mammals and in some other animal fat.[1] 

 

Figure 1.1. Structure of decanoic acid, a saturated fatty acid. 

Decanoic acid is used in organic synthesis and industrially in the manufacture of perfumes, 

lubricants, greases, rubber, dyes, plastics, food additives and pharmaceuticals. Decanoate 

ester prodrugs of many different pharmaceuticals are available. Forming a salt or ester with 

a drug would increase its lipophilicity and affinity for fatty tissues. Since transportation of a 

drug from fatty tissues is slow, it could be feasible to develop a long acting injectable form 

of a drug by using its decanoate form.[1] 

https://en.wikipedia.org/wiki/Short-chain_fatty_acid
https://en.wikipedia.org/wiki/Fatty_acid
https://en.wikipedia.org/wiki/Salt_(chemistry)
https://en.wikipedia.org/wiki/Ester
https://en.wikipedia.org/wiki/Coconut_oil
https://en.wikipedia.org/wiki/Coconut_oil
https://en.wikipedia.org/wiki/Palm_kernel_oil
https://en.wikipedia.org/wiki/Milk
https://en.wikipedia.org/wiki/Prodrug
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1.1.2 Polyunsaturated fatty acids 

Polyunsaturated fatty acids (PUFAs) have aliphatic chains with two or more double bonds 

and are in liquid form at room temperature. The geometry of the double bonds can either be 

cis or trans, but naturally they have the cis geometry, although the trans geometry also exists 

in nature. Essential fatty acids are required by the human body but cannot be made from 

other substrates, and must therefore be obtained from the diet. Two essential fatty acids 

are linoleic acid (LA) and alpha-linolenic acid (ALA), which is the precursor to the long 

chain omega-3 PUFA family including EPA and DHA. The human body has a limited ability 

to convert ALA into the fatty acids EPA and DHA.[2] 

EPA and DHA are long-chain, omega-3 fatty acids, which are found in cold water fish. They 

are highly unsaturated fatty acids. DHA has six double bonds and EPA has five double 

bonds. Their structures are revealed in Figure 1.2. EPA and DHA are vital nutrients for 

maintaining healthy function of the body. DHA is a building block of tissue in the brain and 

the retina of the eye. It helps with forming neural transmitters, such as phosphatidylserine, 

which is important for brain function. DHA is found in the retina of the eye, so it may be 

necessary to consume DHA for maintaining healthy levels of it for normal eye function. EPA 

and DHA are converted into hormone-like substances called eicosanoids (EPA) and 

docosanoids (DHA), and they regulate cell activity and healthy cardiovascular function.[3, 4] 

 

Figure 1.2. Structure of DHA and EPA. 

 

1.2 Triacylglycerols 

Triacylglycerols (TAGs) are molecules possessing a glycerol backbone with three acyl 

groups attached as esters. Acyl groups are derived from fatty acids or their derivatives. When 

an acyl group is attached to glycerol, the process is called esterification (acylation). TAGs 

and phospholipids are made by esterification. Glycerol with one acyl group is called 

monoacylglycerol (MAG). When two acyl groups are attached to glycerol it is called 

diacylglycerol (DAG). 

Glycerol is prochiral with two enantiotopic hydroxymethyl groups that are attached to the 

carbon in the mid-position. That carbon is a prochiral centre and the two hydroxymethyl 

groups are enantiotopic and chemically identical. Furthermore, the two protons that belong 

to the CH2 methylene carbons are diastereotopic which means that they are not chemically 

identical. This is important to keep in mind in order to understand the segment of the 1H 

https://en.wikipedia.org/wiki/Linoleic_acid
https://en.wikipedia.org/wiki/Alpha-linolenic_acid
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NMR spectrum that belongs to the glycerol backbone in all the glycerol compounds involved 

in the project. 

Each of the carbons in the glycerol molecule are numbered using the stereospecific 

numbering system (sn), based on the Fisher projection (Figure 1.3.).[5] 

 

Figure 1.3. Fischer projection of glycerol and R, S, configuration. 

If the stereochemistry of a compound is known and the compound is not racemic the sn 

prefix is used in the compounds name. One acyl group is attached to the sn-1 position, the 

second to the sn-2 position and the third to the sn-3 position. The acyl group on the middle 

carbon is always in the sn-2 position. If the acyl group at the sn-1 position has higher priority 

than the acyl group at the sn-3 position the configuration of the compound is S and vice versa 

for the R configuration.[5] 

 

1.3 Enantiomers 

Compounds can have constitutional isomers and stereoisomers. There are two main types of 

stereoisomers, diastereomers (non mirror image) and enantiomers (mirror image). 

Diastereomers may be further divided into geometric (cis, trans) diastereomers and 

configurational diastereomers. R- and S-solketal are enantiomers and have non-

superimposable mirror images. This means that the molecules cannot be placed on top of 

one another to give the same molecule, they will mismatch. Their structures are displayed in 

Figure 1.4. Molecules are said to be asymmetric if they exist as two enantiomers, R- and S- 

(D or L). This difference in orientation can lead to different properties in the way they react 

with biological systems that are chiral.[5] 

 

Figure 1.4. Structure of S- and R-solketal. 

 

In this project the R-solketal was used as the starting material which was enantiomerically 

pure. A co-worker used the S-solketal as the starting material so she had the other 

enantiomer. Enantiomers are chemically the same, they have the same NMR spectra, the 
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same mass spectra and the same IR spectra. The only difference is the optical activity. Both 

have the same specific rotation value but one enantiomer has a negative value and the other 

a positive value.[6] 

 

1.4 S-naproxen 

S-naproxen is a nonsteroidal anti-inflammatory drug (NSAID) of the propionic acid class 

(same class as ibuprofen). S-naproxen is commonly used to reduce pain, fever, inflammation 

and stiffness. It is a nonselective COX inhibitor (targets COX-1 and COX-2, enzymes 

responsible for inflammation and pain). S-naproxen is usually available as its sodium salt 

derivative. It is the preferred NSAID for long-term use in people with a high risk of 

cardiovascular complications, such as heart attacks or strokes, due to its relatively low risk 

of such complications. S-naproxen poses an intermediate risk of stomach ulcers compared 

to ibuprofen, which is low-risk, and indomethacin, which is high-risk. S-naproxen is often 

combined with a proton-pump inhibitor (a medication that reduces stomach acid production) 

during long-term treatment to reduce stomach ulceration risk.[7] The structure of S-naproxen 

is shown in Figure 1.5. 

 

Figure 1.5. Structure of S-naproxen. The carbons not fused on naphthalene are numbered. 

 

1.5 Lipases 

The most important feature of enzymes in organic synthesis is their selectivity. Other 

important features are their high catalytic efficiency and the mild conditions at which the 

enzymes exhibit their activity. Enzymes are active at atmospheric pressure, temperature 

between 20-40°C and at neutral pH values. That are conditions under which normal chiral 

catalysts hardly function at all. Lipases belong to the class of serine hydrolases. A lipase is 

an enzyme which catalysis the hydrolysis of a specific type of ester bonds, that is 

triacylglycerols, to yield free FA, DAG, MAG and glycerol. The reaction is reversible, so 

lipases can also catalyse the formation of acylglycerols from free FAs and glycerol. Lipases 

are classified into three groups. They can be non-regioselective, catalysing the complete 

splitting of triacylglycerols into free FAs and glycerol. Lipases of the second group are 1,3- 

regioselective and hydrolyse triacylglycerols to yield free FAs, 1,2 (2,3)-DAG or 2-MAG. 

The third group has specifity towards some types of FAs.[8] 

Most lipases are 1,3-regioselective towards glycerol and choose to interact at the sn-1 and 

sn-3 position, while they do not interact at the sn-2 position. Such lipases have been found 

useful in interesterification and transesterification reactions and in the synthesis of structured 

TAG. CAL-B is a lipase with that ability and has been used in good results to couple acyl 

groups to the sn-1, sn-3 or to both positions.[5] 

https://en.wikipedia.org/wiki/Pain
https://en.wikipedia.org/wiki/Fever
https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Myocardial_infarction
https://en.wikipedia.org/wiki/Stroke
https://en.wikipedia.org/wiki/Indometacin
https://en.wikipedia.org/wiki/Proton-pump_inhibitor
https://en.wikipedia.org/wiki/Stomach_acid
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1.6 Acyl migration 

Acyl migration is a spontaneous process when an acyl group rearranges within a molecule, 

for example 1,2-MAG (see Figure 1.6.). There are some factors that speed up the process. 

These include the presence of acid or base, type of solvents, temperature and reaction time.[9] 

 

Figure 1.6. Mechanism of acyl migration. 

As shown in Figure 1.6. the equilibrium is favoured for 1,3-DAG. So the condition must be 

quite mild and the reaction time must not be too long when the sn-3 position is not yet 

acylated. Otherwise acyl migration will take place and the group that was intended to be 

acylated at the sn-3 position will end up at the sn-2 position.[5] The result is a loss of 

regiocontrol. 

2 The project 

It is common for drugs to be ingested in their salt form. Drug activity can be extended if it 

is reacted to fatty substances.[1] The aim of the project was to synthesise an enantiostructured 

triacylglycerol possessing decanoic acid at the sn-3 position, a drug at the sn-2 position and 

EPA at the sn-1 position. This required a six step synthesis where steps 1 and 2 were carried 

out in one step, starting from R-solketal. The first step involved protection of the alcohol at 

the sn-1 position and the second step deprotection of the alcohols at the sn-2 and sn-3 

positions. In the third step CAL-B was used to couple decanoic acid to the sn-3 position. The 

fourth step involved a chemical coupling where DMAP and EDCI was used to couple S-

naproxen to the sn-2 position. The fifth step involved deprotection by hydrogenolysis with 

palladium on charcoal to deprotect the alcohol at the sn-1 position. The last step was a 

chemical coupling with DMAP and EDCI to couple EPA to the position deprotected in the 

previous step. The six-step synthetic route is shown in Figure 2.1. 
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Figure 2.1. Overall scheme of the six step synthesis. 

 

All the synthesised compounds, except the intermediate from the first step, were analysed 

and fully characterised by 1H NMR, 13C NMR, IR and mass spectra. The identity of 

compound (4) was also verified with COSY and DEPT-135. Compound (5) was also verified 

with COSY and HETCOR. All spectra are displayed in the Appendix, at the end of the thesis. 

 

 

 

 

 

 

 

 

 



7 

3 Results and discussion 

3.1 Protection at the sn-1 position and 

deprotection at the sn-3 and sn-2 positions 

The enantiomerically pure R-solketal was benzylated at the sn-1 position with Williamson 

ether synthesis. Sodium hydride was used as a base in dry THF and benzyl bromide added. 

The reaction was refluxed for four hours at 50-60°C, after which all of the R-solketal had 

been consumed (monitored by TLC). The sn-1 position was protected to prevent loss of 

chirality in future steps. The intermediate was deprotected to remove the isopropylidene 

moiety, without purification. The solution was acidified with hydrochloric acid and ethanol 

added. The clear solution was refluxed at 80-90°C. The deprotection was monitored by TLC 

and it took 30 minutes to be completed. Workup was done in a separating funnel with diethyl 

ether. The desired product, 1-O-benzyl-sn-glycerol (1), was obtained as a colourless liquid. 

The overall yield for these two steps was 81% after purification. The synthesis was 

completed two times because more compound was needed for the steps that followed. The 

yield in the second synthesis was 68%. These two steps have been brought about before with 

lower yield, 66%.[10] The mechanism for the reaction is shown in Figure 3.1. 

 

Figure 3.1. Mechanisms for protection at the sn-1 position with Williamson ether synthesis 

and the subsequent deprotection at the sn-3 and sn-2 positions. 

 

Highly pure compounds were obtained after purification on a silica gel column. It was 

necessary to purify the compound for both syntheses because benzyl bromide was in excess, 
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so it had to be separated from 1-O-benzyl-sn-glycerol (1). It took quite a while and a lot of 

solvent to get compound (1) through the column. It would have been better to use a more 

polar solvent system, compound (1) had been faster through the column and less solvent 

would have been used. 

The 1H NMR spectrum of compound (1) (Figure A1) had a multiplet in the aromatic region 

(δ 7.4-7.2 ppm) that integrated as five protons. There was also a sharp singlet at 4.5 ppm that 

integrated as two protons. These two peaks were a good evidence that the benzyl group had 

reacted with the R-solketal. At 3.8 ppm there was also a multiplet that integrated as one 

proton, corresponding to the proton on the middle position (chiral center) on the glycerol. It 

coupled to four other protons. The methylene protons (3.9-3.4 ppm) on the other two carbons 

at the sn-1 and sn-3 positions were chemically different because of the chiral center on the 

middle carbon, making them diastereotopic. Therefore, protons on the same carbon coupled 

to each other. So each of these four protons gave a doublet of doublets. There was a broad 

peak at 2.8 ppm that integrated as two protons, corresponding to the free alcohol protons. 

The 13C NMR spectrum for compound (1) (Figure A2) had 8 peaks, of which four were 

aromatic. That proved that the benzyl group had indeed reacted to R-solketal and that the 

isopropylidene moiety had been removed. 

The IR spectrum (Figure A3) had a broad peak above 3000 cm-1, that showed that there were 

hydroxyl groups present in compound (1). There is probably also a peak under that broad 

peak that would indicate aromatic protons on the benzyl group. There was also a peak right 

below 3000 cm-1. That peak indicated C-H stretches of an aliphatic group. 

 

3.2 The lipase reaction 

Compound (1) was acylated with vinyl decanoate by using highly regioselective 

immobilized CAL-B lipase at room temperature in dichloromethane. CAL-B is 1,3-

regioselective towards glycerol so it interacted at the sn-3 position. It took the reaction 90 

minutes to be completed and it was monitored by TLC. The lipase was filtered from the 

solution. The desired product, 1-O-benzyl-3-decanoyl-sn-glycerol (2), was obtained as a 

colourless liquid, after purification, in 74% yield. Purification was carried out on a column 

with silica gel and boric acid. The boric acid was absorbed on to the silica gel. The boric 

acid was used to prevent acyl migration to occur. The mechanism is revealed in Figure 3.2. 
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Figure 3.2. Mechanism for the acylation of the vinyl ester at the sn-3 position. 

 

The active site of the enzyme contains the well-known catalytic triad that consists of Aspartic 

acid (Asp), Histidine (His) and Serine (Ser). The mechanism in Figure 3.2. displays an active 

interplay between their side-groups. 

The 1H NMR spectrum of compound (2) (Figure A4) still showed peaks for the benzyl group 

as for compound (1). The peak pattern for the protons on the three glycerol carbons was like 

a typical pattern for 1-MAG.[5] It showed that no acyl migration had occurred. That pattern 

appeared at δ 4.4-3.3 ppm. There was a triplet at about 2.3 ppm that represented the α-protons 

and a quintet at 1.5 ppm representing the β-protons on decanoic acid. Right below 1 ppm 

there was a triplet due to the –CH3 at the end of the fatty acid. The peak at 1.4 ppm represents 
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all other protons on decanoic acid. The integration indicated 14 protons but there should only 

be 12 so there could still be some solvent residues in the compound. 

The IR spectrum (Figure A6) had a broad peak above 3000 cm-1, that was less intensive than 

for compound (1). That indicated that there were fewer alcohol groups in compound (2) than 

in compound (1) and showed that there was only one free alcohol group left. A peak was 

right below 3000 cm-1. That peak indicated C-H stretches of an aliphatic group. There was a 

very sharp peak at 1739 cm-1 that indicated a carbonyl group. That was a good indication 

that the decanoic acid was acylated to compound (1). 

 

3.3 Coupling of S-naproxen  

Chemical coupling with EDCI in presence of DMAP was used to introduce S-naproxen to 

the sn-2 position of compound (2). The reaction was conducted in dichloromethane for 20 

hours at room temperature. The reaction was monitored with TLC. To disconnect the 

reaction, the solution was passed through a short column packed with silica gel by use of 

diethyl ether and dichloromethane (1:9). The column was used to get rid of DMAP and 

EDCI. The desired product, 1-O-benzyl-3-decanoyl-2-[(S)-2-(6-methoxynaphthalen-2-

yl)propanoyl]-sn-glycerol (3), was obtained as white crystals, in excellent yield,  98%, after 

purification with flash chromatography. The mechanism for the reaction is illustrated in 

Figure 3.3. 

 

Figure 3.3. Mechanism for the chemical coupling of S-naproxen. 

 

DMAP acts as both a base and a nucleophile and is a good catalyst for coupling a carboxylic 

acid to an alcohol group. DMAP is recovered in the final step so only catalytic amount is 

needed. EDCI is a coupling agent. It activates the acid so coupling can occur.[6] 

The reaction didn’t work properly when first attempted. The resulting white crystals were a 

complex mixture. Purification with recrystallization and a preparative TLC were tried, but 

with no success. For the second and third time the reaction went very well and in both cases 
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the yield was almost quantitative. Attempts were made to couple two other drugs to 

compound (2), acetylsalicylic acid (aspirin) and ibuprofen. Aspirin was made in the lab and 

was analysed by 1H NMR. Just the acetyl part from the ester (Figure 3.4.) was observed to 

couple to the sn-2 position, instead of the whole molecule. 

 

Figure 3.4. Part of  the mechanism for the attempted coupling of acetylsalicylic acid to 

compound (2). 

 

Ibuprofen was coupled to the sn-2 position of compound (2). The problem here was that 

since the ibuprofen was racemic a pair of diastereomers was formed, one with S-ibuprofen 

coupled to it and the other with R-ibuprofen coupled to it. There are several ways to separate 

the diastereomers but time was limited so no attempts were made to separate them. 

The 1H NMR spectrum of compound (3) (Figure A11) showed peaks for the benzyl group 

as for compound (2) but there were more protons than before in the aromatic region due to 

the aromatic protons from S-naproxen. At δ 5.3 ppm there was a multiplet that integrated as 

one proton, that was the proton on the carbon at the sn-2 position of the glycerol backbone. 

There was a doublet of doublets at 4.4 ppm due to one proton on the carbon at the sn-3 

positon. At 4.3 ppm it looked like there was a doublet of doublets there but the coupling 

constants between the peaks were different. Therefore, they turned out to be two doublets, 

side by side, due to both protons on the carbon at the sn-1 position. At 4.2 ppm there was a 

doublet of doublets due to the other proton at the sn-3 position. At 3.9 ppm there was a 

singlet and a quartet due to protons on S-naproxen. The benzyl protons had just appeared as 

a sharp singlet for compounds (1) and (2) but now they appeared as a multiplet at 3.5 ppm. 

At 2.2 ppm there was a triplet due to the α-protons on decanoic acid. A doublet and a quintet 

appeared below 1.6 ppm. The doublet is due to a proton on S-naproxen and the quintet 

belongs to the β-protons on decanoic acid. The rest of the peaks belonged to decanoic acid. 

 

The IR spectrum (Figure A13) had no peak above 3000 cm-1, like compound (2) had. That 

showed that there was no free alcohol on the glyceride, due to the coupling of S-naproxen to 

the sn-2 position. There was also a peak right below 3000 cm-1. That peak indicated C-H 

stretches of an aliphatic group. There was a split, very sharp, peak at 1739 cm-1 that indicated 

more than one carbonyl group because now there were two acyl groups present on the 

glyceride. 
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3.4 Catalytic hydrogenolysis 

In this step the alcohol at the sn-1 position of compound (3) was deprotected by catalytic 

hydrogenolysis. The reaction was carried out under excess hydrogen gas with palladium on 

charcoal at room temperature. Solvents used in this reaction were hexane and freshly dried 

THF. Perchloric acid was used to kick-start the reaction. When too much acid is used, acyl 

migration occurs, but when too little acid is used or none, no reaction occurs.  After one hour 

the benzyl ether had been deprotected. The deprotection was monitored by TLC. It was 

important to stop the hydrogenolysis before acyl migration could occur. The desired product, 

3-decanoyl-2-[(S)-2-(6-methoxynaphthalen-2-yl)propanoyl]-sn-glycerol (4), was obtained 

as white crystals, in 80% yield, after purification with flash chromatography. As for 

compound (2) acyl migration can also occur when purified on a column. That is why the 

silica gel was impregnated with boric acid when compound (4) was purified. The mechanism 

for the reaction is displayed in Figure 3.5. 

 

 

Figure 3.5. Mechanism for deprotection by catalytic hydrogenolysis. 

 

The 1H NMR spectrum for compound (4) (Figure A14) was similar to the spectrum of 

compound (3), except all peaks for the benzyl group were absent. The peaks for the protons 
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on the glyceride showed a typical pattern for 1,2-DAGs[5]. That proofed that no acyl 

migration had taken place. 

The IR spectrum (Figure A18) had a broad peak above 3000 cm-1, like compound (2) had. 

That showed that there was again a free alcohol group present on the glyceride, due to the 

hydrogenolysis at the sn-1 position. There was also a peak right below 3000 cm-1. That peak 

indicated C-H stretches of an aliphatic group. There was a split, very sharp, peak at 1739 

cm-1 that indicated two different acyl groups present on the glyceride. 

 

3.5 Coupling of EPA 

The last step in the synthesis involved a second chemical coupling with EDCI in presence 

of DMAP to introduce EPA to the sn-1 position of compound (4). EPA was already in its 

free acid form and pure (analysed with 1H NMR, see Figure A19). The reaction was 

conducted in dichloromethane for 18 hours at room temperature. The reaction was monitored 

with TLC.  As with the coupling of S-naproxen the reaction was disconnected by passing the 

solution through a short column packed with silica gel by use of diethyl ether and 

dichloromethane (1:9). The desired product, (3-decanoyl-1-[(5Z,8Z,11Z,14Z,17Z)-eicosa-

5,8,11,14,17-pentaenoyl]-2-[(S)-2-(6-methoxynaphthalen-2-yl)propanoyl]-sn-glycerol (5), 

was obtained, as a colourless liquid, in 83% yield after purification. The mechanism for the 

reaction is identical to the one provided in Figure 3.3. 

The 1H NMR spectrum for compound (5) (Figure A20) looked similar to the spectrum for 

compound (4), except there where new peaks due to the protons belonging to EPA. There 

was a multiplet representing the ten protons attached to the double bond carbons in EPA. All 

the protons on the glyceride carbons resonated in the range of δ 4.4-4.1 ppm. A multiplet at 

2.9 ppm integrated the eight protons belonging to the four methylene groups interrupting the 

double bonds in EPA. The α-protons in decanoic acid appeared as a triplet at 2.2 ppm, just 

as for compound (4). It was challenging to analyse the α-protons of EPA. The 1H NMR 

spectrum of EPA as a free acid showed a peak for the α-protons at 2.41 ppm. But there was 

no peak in that region for compound (5). The peak had shifted to 2.0 ppm and appeared as a 

triplet. The 12 protons in decanoic acid, at 1.3 ppm, integrated as 14 protons, that is due to 

some solvent residue. By the same reason the methyl group, the triplet at 0.9 ppm, integrated 

as four protons. 

 

The IR spectrum (Figure A24) had no peak above 3000 cm-1. That showed that there was no 

free alcohol group present on the glyceride, due to the coupling of EPA to the sn-1 position. 

There were three peaks right below 3000 cm-1. These peaks indicated C-H stretches of 

aliphatic groups. There was a split, very sharp, peak at 1650-1750 cm-1 that indicated several 

carbonyl groups, because now there were three acyl groups present on the glyceride. 

 

3.6 Optical activity 

Optical activity is the rotation of the plane of the plane-polarized light as it travels through 

certain materials. Optical activity occurs only in chiral materials.[11] A pair of enantiomers 
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rotate light equally but in opposite directions. This feature is used to measure enantiomeric 

purity. That is, however, not a very reliable measurement because there are many factors 

that affect the measurement. These include concentration of the solution, solvents, 

temperature and impurities. For example, the concentration changes if the solvent 

evaporates.[6] Optical activity was measured in dichloromethane for all five compounds. The 

specific rotation, α, was determined using the following equation: 

αλ
T=

100∙α'

c∙l
 

where α’ is the observed rotation, l is the cell path in dm (usually l=1), c is the concentration 

in g per 100 cm3 (100 mL) of solvent, T is temperature in Celsius and λ is the wavelength of 

incident light in nm. The observed rotations were obtained for all compounds (1) - (5) and 

S-naproxen. Their specific rotations are shown in Table 3.1. 

 

Table 3.1. Specific rotations of all compounds and S-naproxen. Known values for compound 

(1) and S-naproxen. 

Compound Measured Known value 

(1) -5.94 -3.02[5] 

(2) -2.74  

(3) -2.84  

(4) +6.10  

(5) 

S-naproxen 

+7.53 

+76.4 

 

+66.3[12] 

 

Measured specific rotations differed from known values for compound (1) and S-naproxen, 

presumably due to the factors that were listed before.  
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4 Experimental 

4.1 General 

4.1.1 Instruments 

1H and 13C NMR spectra were recorded on a Bruker Avance 400 spectrometer in deuterated 

chloroform as a solvent at 400.12 and 100.61 MHz, respectively. Chemical shifts (δ) were 

quoted in parts per million (ppm) and the coupling constants (J) in hertz (Hz). The following 

abbreviations are used to describe the multiplicity: s, singlet; d, doublet; t, triplet; q, quartet; 

quin, quintet; dd, doublet of doublets; m, multiplet. The number of carbon nuclei behind 

each 13C signal was indicated in parenthesis after each chemical shift value, when there was 

more than one carbon responsible for the peak. IR spectra were conducted on a Thermo 

Nicolet FT-IR iS 10 spectrometer on a KBr pellet (crystalline material) or as neat liquid (oil) 

with a NaCl crystal window. The HRMS were acquired on a Bruker micrOTOF-Q mass 

spectrometer. Optical activity measurements were performed on an Autopol V Automatic 

Polarimeter from Rudolf Research Analytical using a 40T-2.5-100-0.7 Temp Trol 

polarimetric cell with 2.5 mm inside diameter, 100 mm optical path length and 0.7 ml 

volume. TLC measurements were made on silica plates from Silicycle and the plates were 

developed in PMA, that was dissolved in methanol. 

 

4.1.2 Chemicals 

All organic solvents chloroform (≥99.8), deuterated chloroform (99.8), diethyl ether 

(99.8%), dichloromethane (99.8%), ethanol (≥99.8%), ether (95%), ethyl acetate (≥99.7%), 

hexane (>99%), methanol (99.9%), petroleum ether (>95%) and THF (99.9%) were 

purchased from Sigma-Aldrich. Benzyl bromide, boric acid, DMAP, hydrochloric acid (2 

M), palladium on charcoal, perchloric acid (>70%), R-Solketal (99.8%) and sodium hydride 

(60% dispersion in mineral oil) were obtained from Sigma-Aldrich. EDCI and PMA were 

acquired from Fluka. Vinyl Decanoate was purchased from TCI. CAL-B (Novozyme 435 

FG) was obtained from Novozymes. The silica gel used for chromatography (40-63 µm, 

0.060-0.200 mm, F60) was purchased from Silicycle. S-naproxen was acquired from Prof. 

Þorsteinn Loftsson from the Faculty of Pharmaceutical Sciences at the University of Iceland. 

The hydrogen gas was purchased from Isaga hf. EPA (98%) was obtained as an ethyl ester 

from Pronova Biocare (Sandefjord, Norway) and was hydrolysed to its corresponding free 

acid.[4] 

 

4.2 Synthesis of 1-O-benzyl-sn-glycerol (1) 

All glassware and a stirring bar used in this synthetic step was flame-dried. NaH (60% 

mineral oil dispersion (547 mg, 13.7 mmol) was added to a two-necked round bottom flask. 

It was treated three times with dry petroleum ether (for 15 minutes each time) using a syringe 



16 

to remove the mineral oil. Freshly dried THF (10 mL) was added to the flask with a syringe. 

(R)-Solketal (1063 mg, 8.04 mmol) dissolved in dry THF was added with a syringe. Benzyl 

bromide (1440 mg, 8.42 mmol) was dissolved in dry THF and added via syringe. The 

reaction mixture was refluxed for 4 hours, until all the solketal had been consumed, 

monitored by TLC (7:3 pet. ether/ EtOAc). The reaction mixture was allowed to cool to 

room temperature. 1 M HCl (15 mL) was added together with ethanol until the mixture 

became homogeneous. The mixture was refluxed for 30 minutes until all of 1-O-benzyl-2,3-

isopropylidene-sn-glycerol intermediate had reacted. The mixture was allowed to cool to 

room temperature and then extracted with diethyl ether. The organic phase was treated three 

times with 14% NaHCO3 until pH>7 and then dried over MgSO4. The solvent was removed 

under vacuum.[10] The residue was purified with a column packed with silica gel by use of 

pet. ether-EtOAc (4:6). Solvent removal under vacuum gave the desired product as a 

colourless liquid (1180 mg, 6.48 mmol) with high purity in 81% overall yield. [α]D
20= -5.94 

(c 20, CH2Cl2).   

1H-NMR: δ 7.35-7.25 (m, 5H, Ph), 4.52 (s, 2H, CH2-Ph), 3.88-3.83 (m, 1H, -CH-OH), 3.67 

(dd, J=11.6 Hz, J=3.9 Hz, 1H, -CH2-OH), 3.59 (dd, J=11.6 Hz, J=5.7 Hz, 1H, -CH2-OH), 

3.54 (dd, J=9.6 Hz, J=4.4 Hz, 1H, -CH2-OCH2Ph), 3.51 (dd, J=9.6 Hz, J=6.4 Hz, 1H, -CH2-

OCH2Ph), 2.93 (br s, 2H, -OH) ppm. 
13C: δ 137.9, 128.7 (2), 128.1, 128.0 (2), 73.7, 71.9, 70.9 and 64.2 ppm. 

IR: νmax 3150-3600 (br, O-H), 2924 (vs, C-H) and 2868 (vs, C-H) cm-1. 

HRMS (ESI): Calculated for C10H14O3Na+ m/z 205.0835; found 205.0835 amu. 

 

 

4.3 Synthesis of 1-O-benzyl-3-decanoyl-sn-

glycerol (2) 

1-O-benzyl-sn-glycerol (1) (302 mg, 1.66 mmol), vinyl decanoate (422 mg, 2.13 mmol), 

CH2Cl2 (3 mL) and immobilized CAL-B (31 mg) were added to a one-necked round bottom 

flask. The reaction mixture was stirred at room temperature for 90 minutes, after which TLC 

monitoring (7:3 pet. ether-EtOAc) indicated a complete reaction.[10] The lipase was separated 

from the reaction mixture by filtration. The residue was purified with a column packed with 

4% boric acid impregnated silica gel by use of pet. ether-EtOAc (9:1). Solvent removal under 

vacuum gave the desired product as a colourless liquid (415 mg, 1.23 mmol) of high purity 

in 74% yield. [α]D
20= -2.74 (c 20, CH2Cl2).   

1H-NMR: δ 7.36-7.26 (m, 5H, Ph), 4.54 (s, 2H, CH2-Ph), 4.19 (dd, J=11.5 Hz, J=4.5 Hz, 

1H, -CH2-O-CO), 4.14 (dd, J=11.5 Hz, J=6.0 Hz, 1H, -CH2-O-CO), 4.04-3.98 (m, 1H, -CH-

OH), 3.55 (dd, J=9.7 Hz, J=4.4 Hz, 1H, -CH2-OCH2Ph), 3.51 (dd, J=9.7 Hz, J=6.2 Hz, 1H, 

-CH2-OCH2Ph), 2.32 (t, J=7.6 Hz, 2H, -CH2-COO), 1.63 (quin, J=7.3 Hz, 2H, CH2-CH2-

COO) 1.34-1.19 (m, 12H, CH2), 0.88-0.84 (t, J=6.8 Hz, 3H, -CH3) ppm. 
13C: δ 174.1, 137.9, 128.7 (2), 128.1, 128.0 (2), 73.7, 71.1, 69.1, 65.5, 34.3, 32.0, 29.6, 29.4 

(2), 29.3, 25.1, 22.8, 14.3 ppm. 

IR: νmax 3150-3600 (br, O-H), 2932 (vs, C-H), 2855 (vs, C-H), 1739 (vs, C-O) cm-1. 

HRMS (ESI): Calculated for C20H32O4Na+ m/z 359.2193; found 359.2187 amu. 
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4.4 Synthesis of 1-O-benzyl-3-decanoyl-2-[(S)-

2-(6-methoxynaphthalen-2-yl)propanoyl]-

sn-glycerol (3) 

S-naproxen (100 mg) was in its salt form (naproxen sodium) so it was acidified with 2 M 

HCl. When the mixture had a pH=4 it was poured into a separation funnel and CH2Cl2 was 

added. The organic layer was dried with MgSO4 and the solution was filtered. The solvent 

was removed under vacuum. 1-O-benzyl-3-decanoyl-sn-glycerol (2) (104 mg, 0.31 mmol), 

S-naproxen (75 mg, 0.33 mmol), DMAP (32 mg, 0.26 mmol), EDCI (66 mg, 0.43 mmol) 

and CH2Cl2 (5 mL) was added to a one-necked round bottom flask. The reaction mixture 

was stirred for 20 hours at room temperature until all of compound (2) was consumed. The 

reaction was disconnected by passing the reaction mixture through a short column, packed 

with silica gel by use of Et2O-CH2Cl2 (1:9).[13] The solvent was removed under vacuum. 

Purification was done through a silica packed column by use of pet. ether-EtOAc (9:1). 

Solvent removal under vacuum afforded the pure product as white crystals (166 mg, 0.30 

mmol), m.p. 35.3-36.4, 98% yield. [α]D
20= -2.84 (c 20, CH2Cl2).   

1H-NMR: δ 7.67-7.63 (m, 3H, H-1,4,8-Npht), 7.40 (dd, 1H, H-3-Npht), 7.22-7.18 (m, 3H, 

Ph), 7.13-7.08 (m, 2H, H-5,7-Npht), 7.09-7.05 (m, 2H, Ph), 5.27-5.22 (m, 1H, -CH-O-Nap), 

4.36 (dd, J=11.9 Hz, J=3.8 Hz, 1H, -CH2-O-CO), 4.34 (d, J=12.0 Hz, 1H, -CH2-OCH2Ph), 

4.29 (d, J=12.0 Hz, 1H, -CH2-OCH2Ph), 4.21 (dd, J=11.9 Hz, J=6.6 Hz, 1H, -CH2-O-CO), 

3.89 (s, 3H, -CH3-O-Npht), 3.89 (q, J=7.61 Hz, 1H, CH-2-Npht), 3.51-3.43 (m, 2H, -CH2-

Ph), 2.22 (t, J=7.6 Hz, 2H, -CH2-COO), 1.58 (d, J=7.1 Hz, 3H, CH3-CH-2-Npht), 1.55 (quin, 

J=7.0 Hz, 2H, CH2-CH2-COO), 1.34-1.19 (m, 12H, CH2), 0.88-0.84 (t, J=6.8 Hz, 3H, -CH3) 

ppm. 
13C: δ 174.1, 173.6, 157.9, 137.9, 135.6, 133.9, 129.5, 129.1, 128.5 (2), 127.8, 127.6 (2), 

127.3, 126.4, 126.2, 119.2, 105.8, 73.5, 71.0, 68.5, 62.8, 55.5, 45.7, 34.3, 32.1, 29.6, 29.5 

(2), 29.3, 25.0, 22.9, 18.7, 14.3 ppm. 

IR: νmax 2918 (vs, C-H), 2851 (vs, C-H), 1739 (vs, C-O), 1723 (vs, C-O) cm-1. 

HRMS (ESI): Calculated for C34H44O6Na+ m/z 571.3030; found 571.3025 amu. 

 

4.5 Synthesis of 3-decanoyl-2-[(S)-2-(6-

methoxynaphthalen-2-yl)propanoyl]-sn-

glycerol (4) 

All glassware and a stirring bar used in this synthetic step were flame-dried. Syringes that 

were used in this step were heated in an oven and cooled down with nitrogen gas inside. 1-

O-benzyl-3-decanoyl-2-[(S)-2-(6-methoxynaphthalen-2-yl)propanoyl]-sn-glycerol (3) (100 

mg, 0.18 mmol) was dissolved in freshly dried THF (4 mL) and the solution was added to a 

two-necked round bottom flask via syringe. Hexane (7 mL) was added via syringe. The Pd/C 

catalyst was added to the reaction mixture. A balloon was filled with H2 gas and it was 

attached to the flask with a needle. Another needle was on the second neck of the flask to let 

the gas out. The balloon was filled again but this time there was no needle on the other neck 

of the flask. HClO4 was added (~0.05 mL). It’s better to use a small amount first and see if 

the reaction starts. If nothing happens, one more drop is added and so on. If there is too much 

acid in the reaction mixture acyl migration could occur. The resulting solution was stirred at 
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room temperature for 1 hour, until TLC monitoring (pet. ether-EtOAc (9:1)) indicated a 

complete reaction. NaHCO3 was added to the reaction mixture to neutralize the acid. The 

catalyst and NaHCO3 were separated off by filtration and the solvent was removed under 

vacuum.[10] The compound was purified with a column packed with 4% boric acid 

impregnated silica gel by use of pet. ether-EtOAc (6:4). Solvent removal under vacuum 

afforded the pure product as white greasy crystals (67 mg, 0.15 mmol, m.p. 58.9-60.2, 80% 

yield). [α]D
20= +6.10 (c 20, CH2Cl2). 

1H-NMR: δ  7.69-7.64 (m, 3H, H-1,4,8-Npht), 7.38 (d, J=8.5 Hz, 1H, H-3-Npht), 7.14 (dd, 

J=8.9 Hz, J=2.5 Hz, 1H, H-7-Npht), 7.09 (s, 1H, H-5-Npht), 5.08-5.03 (m, 1H, -CH-O-Nap), 

4.31 (dd, J=11.9 Hz, J=4.4 Hz, 1H, -CH2-O-CO), 4.22 (dd, J=12.0 Hz, J=5.9 Hz, 1H, -CH2-

O-CO), 3.89 (s, 3H, -CH3-O-Npht), 3.88-8.84 (m, 1H, CH-2-Npht) 3.57 (d, J=5.0 Hz, 2H, -

CH2-OH), 2.25 (t, J=7.5 Hz, 2H, -CH2-COO), 1.62 (br s, 1H, -OH), 1.58 (d, J=7.2 Hz, 3H, 

CH3-CH-2-Npht), 1.56-1.53 (m, 2H, CH2-CH2-COO) ( 1.34-1.19 (m, 12H, CH2), 0.88 (t, 

J=6.8 Hz, 3H, -CH3) ppm. 
13C: δ 174.4, 173.9, 158.0, 135.7, 134.0, 129.5, 129.2, 127.5, 126.2, 126.1, 119.4, 105.8, 

72.8, 62.2, 61.6, 55.5, 45.7, 34.3, 32.1, 29.6, 29.5 (2), 29.3, 25.1, 22.9, 18.6, 14.3 ppm. 

IR: νmax 3300-3600 (br, O-H), 3209 (vs, C-H), 2925 (vs, C-H), 2851 (vs, C-H), 1733 (vs, C-

O), 1712 (vs, C-O) cm-1. 

HRMS (ESI): Calculated for C27H38O6Na+ m/z 481.2561; found 481.2562 amu. 

 

4.6 Synthesis of 3-decanoyl-1-

[(5Z,8Z,11Z,14Z,17Z)-eicosa-5,8,11,14,17-

pentaenoyl]-2-[(S)-2-(6-

methoxynaphthalen-2-yl)propanoyl]-sn-

glycerol (5) 

3-Decanoyl-2-[(S)-2-(6-methoxynaphthalen-2-yl)propanoyl]-sn-glycerol (4) (69 mg, 0.15 

mmol), EPA (74 mg, 0.25 mmol), DMAP (14 mg, 0.11 mmol), EDCI (33 mg, 0.19 mmol) 

and CH2Cl2 (4 mL) were added to a one-necked round bottom flask. The reaction mixture 

was stirred for 18 hours at room temperature until all of compound (4) had been consumed 

(monitored by TLC). The reaction was disconnected by passing the reaction mixture through 

a short column, packed with silica gel by use of Et2O-CH2Cl2 (1:9). The solvent was removed 

under vacuum. The compound was purified with a silica packed column by use of pet. ether-

EtOAc (9:1).[13] Solvent removal under vacuum afforded the pure product as yellowish oil 

(93 mg, 0.13 mmol, 83% yield). [α]D
20= +7.53 (c 20, CH2Cl2).   

1H-NMR: δ  7.68-7.63 (m, 3H, H-1,4,8-Npht), 7.37 (d, J=8.5 Hz, 1H, H-3-Npht), 7.13 (dd, 

J=8.9 Hz, J=2.5 Hz, 1H, H-7-Npht), 7.08 (s, 1H, H-5-Npht), 5.41-5.25 (m, 10H, CH=CH), 

5.24-5.19 (m, 1H, -CH-O-Nap), 4.35 (dd, J=12.0 Hz, J=4.2 Hz, 1H, -CH2-O-CO), 4.17 (dd, 

J=11.9 Hz, J=4.2 Hz, 1H, -CH2-O-CO), 4.14 (dd, J=11.9 Hz, J=6.0 Hz, 1H, -CH2-O-EPA), 

4.07 (dd, J=11.9 Hz, J=6.4 Hz, 1H, CH2-O-EPA), 3.89 (s, 3H, -CH3-O-Npht), 3.88 (q, J=7.1 

Hz, 1H, CH-2-Npht), 2.85-2.71 (m, 8H, =CCH2C=), 2.25 (t, J=7.5 Hz, 2H, -CH2-COO), 

2.10-1.96 (m, 4H, =CCH2CH2 and CCH2CH3), 1.96-1.89 (m, 2 H, CH2CH2COO in EPA), 

1.58 (d, 3H, CH3-CH-2-Npht), 1.58 (m, 2H, CH2-CH2-COO in C10), 1.48 (quint, J=7.5 Hz, 

2H, CH2-CH2-COO in EPA), (1.34-1.21 (m, 12H, CH2), 0.98 (t, J=7.5 Hz, 3H, -CH3 in EPA) 

0.88 (t, J=6.8 Hz, 3H, -CH3 in C10) ppm. 
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13C: δ 173.9, 173.5, 173.0, 157.9, 135.4, 133.9, 132.3, 129.5, 129.1, 129.0 (2), 128.8, 128.5, 

128.4 (2), 128.3, 128.1, 127.3, 127.2, 126.3, 126.2, 119.3, 105.8, 70.0, 62.3, 62.2, 55.5, 45.6, 

34.2, 33.3, 32.1, 29.6, 29.5 (2), 29.3, 26.6, 25.8 (4), 25.0, 24.7, 22.9, 20.8, 18.5, 14.5, 14.3 

ppm. 

IR: νmax 3012 (vs, C-H), 2929 (vs, C-H), 2855 (vs, C-H), 1743 (vs, C-O) cm-1. 

HRMS (ESI): Calculated for C47H66O7Na+ m/z 765.4701; found 765.4706 amu. 
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5 Conclusion 

The goal of the project was to synthesise an enantiostructured triacylglycerol, out of R-

solketal, that had decanoic acid at the sn-3 position, a drug at the sn-2 position and EPA at 

the sn-1 position. Several drugs were considered to couple to the sn-2 position, eventually 

S-naproxen was chosen. Care was taken to maintain the chirality of the starting material 

through the synthesis.  Overall the synthesis went well and yields were good to excellent in 

individual steps. 

The synthesis was designed as a six step route towards the final product. A benzyl protecting 

group was placed at the sn-1 position on the R-solketal. Deprotection at the sn-2 and sn-3 

position was carried out. Overall yield was 81% for the first two steps. CAL-B was used to 

couple the capric acid to the sn-3 position and yields were 74% after purification. DMAP 

and EDCI were used to couple S-naproxen to the middle position. Two drugs were tried out 

before S-naproxen was chosen, aspirin and ibuprofen. Not the whole molecule of aspirin did 

couple to the sn-2 position, just the acetyl part from the ester (Figure 3.1). Ibuprofen did 

couple to the sn-2 position, but since the drug was racemic, complications related to 

diastereomers were difficult to deal with. The drug must be enantiomerically pure in order 

to get reliable results. There were some complications coupling enantiopure S-naproxen to 

the sn-2 position but they were solved at the end in excellent yield 98%. The sn-1 position 

was deprotected by catalytic hydrogenolysis with palladium on charcoal in 80% yield. EPA 

was coupled to the deprotected position, with DMAP and EDCI, to give the final product, 

3-decanoyl-1-[(5Z,8Z,11Z,14Z,17Z)-eicosa-5,8,11,14,17-pentaenoyl]-2-[(S)-2-(6-

methoxynaphthalen-2-yl)propanoyl]-sn-glycerol (5) in 83% yield. 

All synthesised compounds, except the intermediate from the first two steps, were analysed 

and fully characterized by 1H NMR and 13C NMR measurements as well as IR 

measurements, specific rotation and mass spectrometry. COSY and DEPT-135 spectra were 

measured for the compound from the fourth step. COSY and HETCOR spectra were 

measured for the final product. 
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Appendix 

Figure A1. 1H NMR spectrum of compound (1). 
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Figure A2. 13C NMR spectrum of compound (1).  

 

Figure A3. IR spectrum of compound (1). 
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Figure A4. 1H NMR spectrum of compound (2). 

Figure A5. 13C NMR spectrum of compound (2). 
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 Figure A6. IR spectrum of compound (2). 

 

Figure A7. 1H NMR of S-naproxen. 
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Figure A8. 13C NMR of S-naproxen. 

 

Figure A9. IR spectrum of S-naproxen 
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Figure A10. Simulation of S-naproxen with a data-base. 

 

Figure A11. 1H-NMR spectrum of compound (3). 
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Figure A12. 13C NMR spectrum of compound (3). 

 

 Figure A13. IR spectrum of compound (3). 
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Figure A14. 1H NMR spectrum of compound (4). 

Figure A15. 13C NMR spectrum of compound (4). 
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Figure A16. COSY NMR spectrum of compound (4). 

Figure A17. DEPT-135 NMR spectrum of compound (4). 
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Figure A18. IR spectrum of compound (4). 

 

Figure A19. 1H NMR spectrum of EPA. 
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Figure A20. 1H NMR spectrum of compound (5). 

Figure A21. 13C NMR spectrum of compound (5). 
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Figure A22. COSY NMR spectrum of compound (5). 

Figure A23. HETCOR NMR spectrum of compound (5). 
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Figure A24. IR spectrum of compound (5). 

 


