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Abstract 

Various diseases have been linked to the damage of cells by reactive oxidative species. 

Furthermore, when radicals attack the cell membrane, lipid peroxidation products are 

formed; these are harmful products and among them acrolein is the most reactive 

one.  

As it is known that carnosine analogues and some modified polymers which have 

nucleophilic functionalities are efficient aldehyde scavengers, the aim of this project 

was to introduce an imidazole and a hydrazide group into a polymer. The molecule 

chosen to introduce into the polymer was Z-L-histidyl hydrazide as it has been shown 

to have a great reactivity against aldehydes.   

For the synthesis of the polymer with the imidazole and the hydrazide functionalities it 

was necessary to find the correct protecting groups. For this purpose organic chemistry 

was used. In the end, it was only possible to synthesise the monomer.  The synthesis of 

the monomer was performed in three steps, in each of which the target molecules 

were successfully synthesised and characterized by 1H NMR spectroscopy.  
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1. Introduction 

In our body, under normal physiological conditions, some reactive oxygen species 

(ROS) can be found. When talking about ROS we refer to partially oxygen reduced 

forms, such as hydrogen peroxide, and also some free radicals such as hydroxyl radical 

and superoxide anion radical. As it is known, there are some natural antioxidants in 

organisms which can control the accumulation and also the production of those ROS; 

however when our natural defences are overwhelmed, these ROS are produced in 

larger amounts. As a result of the excess of these species oxidative stress takes place 

[1-3]. 

In the extracellular environment, oxidative stress and resulting lipid peroxidation 

damage the components of cells including proteins, lipids and DNA. The modifications 

of those components are involved in different pathological states such as 

inflammation, alcoholic liver disease, neurodegenerative diseases, atherosclerosis and 

cancer [1, 4-6]. 

1.1. Oxidative stress and lipid peroxidation 

Seis in 1985 [7] described oxidative stress as ‘the tissue damage resulting from an 

imbalance between an excessive generation of oxidant compounds and insufficient 

antioxidant defence mechanisms with a subsequent increased accumulation of the 

radicals’ [8, 9]. 

In living organisms such as mammals, when radicals attack the cell membrane; lipid 

peroxidation products (LPOs) are formed. The oxidation of those lipids will be involved 

in the changes in the permeability and fluidity of the membrane lipid bilayer, and will 

also alter the cell integrity. The mediators of cell damage are often unsaturated 

aldehydes of great reactivity which are able to react with proteins, producing 

carbonylated products. They are represented by reactive aldehyidic intermediates 

which are mostly α,β-unsaturated aldehydes such as 4-hydroxy-2-nonenal (HNE), and 

2-propenal (acrolein) and also di-aldehydes such as malondialdehyde (MDA), Figure 1 

[2, 10, 11]. 

 

Figure 1. Chemical structures of MDA, HNE and acrolein 

It is known that those α,β-unsaturated aldehydes can modify amino acids, proteins and 

peptides with some cross-linking reactions. If there is a large modification of those 
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components with cross-linking the formation of protein aggregates will be favoured, 

causing some toxic effects in cells [2, 12]. 

1.2. Acrolein (ACR) 

Acrolein (2,2-propenal) is one of the most reactive species formed during lipid 

peroxidation (LPO). It is a strong electrophile with a high reactivity against cysteine 

(Cys), histidine (His) and lysine (Lys) nucleophile residues. It has an α,β-unsaturated 

carbonyl structure so it can react through either 1,2 or 1,4 addition (Michael addition) 

[13]. The most common reaction is via Michael addition to the C-3 of acrolein, which 

will form a reactive aldehyde. Moreover, this one may react with the other 

nucleophiles present around it, performing inter- or intramolecular cross-links [1, 5, 

11, 14, 15]. The role acrolein plays in the development of diseases has been analysed 

for many years and also it has been found in higher levels in the sera of patients [16]. 

Moghe A. et al. in 2015 [17] had focused on the effects of acrolein. They emphasised 

the molecular mechanisms of acrolein. The different mechanisms that can perform 

have been discussed, such as proteins and DNA adduction, and induction of oxidative, 

mitochondrial, and ER stress.  

1.3. ‘Aldehyde scavengers’  

The chemical structure for the acrolein scavengers is based on structures which 

contain amino groups. Q. Zhu et al. studied some antioxidant drugs, such as 

Hydralazine, Carnosine, Aminoguanidine, Pyridoxamine, Edaravone and Glycyl-Histidyl-

Lysine. Moreover, they discussed the role which the chemical reactivity plays in the 

interactions between acrolein and its scavengers [18]. 

 

Figure 2. The chemical structures of several nitrogen (amino)-containing compounds as 
acrolein scavengers. Reproduced from [18]. 
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There have been a lot of pharmacological efforts to mitigate oxidative effects 

produced by free radicals with antioxidants drugs. As free radicals are very reactive 

compounds, they have a short life, effecting a local area, near where they are 

produced. Therefore, those antioxidants drugs only provide a ‘first line of defense’ 

because they don’t provide a defence of the breakdown products of lipid peroxides 

which are ‘oxidative stress second messengers’ as they have the possibility to travel 

across membranes arriving far from where the ROS had been produced [6, 19, 20]. As 

a consequence, efforts were concentrated on eliminating those secondary structures 

or its derivatives by using molecules called ‘aldehyde scavengers’. Among them, this 

project is focused on synthetic ‘histidyl-hydrazide carnosine analogs’, as it proved by 

Guiotto et al. to have high reactivity towards the by-products of membrane lipid 

peroxidation, known as advanced lipoxidation endproducts (ALEs) [6, 21]. 

1.3.1. Histidyl-hydrazide carnosine analogues 

Guiotto et al. have shown that nucleophilic molecules such as carnosine or their 

synthetic analogues exhibit great reactivity on removing oxidized proteins. Carnosine, 

a dipeptide (beta-alanyl-L-histidine) is a natural antioxidant or aldehyde scavenger 

with two nucleophiles, a primary amine and an imidazole [6, 21]. 

It has previously evaluated by Carini, M., et al. the quenching ability of carnosine and 

homocarnosine towards acrolein. They had also characterize the reaction products of 

such reaction by electrospray ionization tandem mass spectrometry (ESI-MS/MS). At 

the end they were able to demostrate the complex mechanism of the reaction which 

involves different sequential additions of acrolein molecules giving different 

intermediates and final products. In the Figure 3, we can see the proposed reaction of 

carnosine/homocarnosine with acrolein and the structures of the adducts [22]. 
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Figure 3. Proposed reaction cascade of carnosine/homocarnosine with ACR and structures of 
the adducts. Carnosine (n = 2); homocarnosine (n = 3). Reproduced from [22] 

Besides, if the molecule has a hydrazide, as this is one of the most reactive aldehyde 

scavengers, it can also have a third centre of reaction, which has a strong ability to 

remove ALEs due to the hydrazide-carbonyl based click reaction, which gives very high 

yields, and only generates inoffensive by-products [23]. 

1.3.2. Functionalized polymer as an aldehyde scavenger 

Why might one think about adding the functionalities to a polymer?  

On the one hand, it has previously been shown that nucleophilic groups attached to a 

polymer backbone can be good scavengers for those lipid peroxidation products. In the 

Liu Hijao Thesis [24], the scavenging effect of polymer syr 48, a water soluble polyvinyl 



Polymers as Scavengers for Lipid Peroxidation Products Uppsala Universitet                             

7 
 

alcohol (PVA) with hydrazide side groups was investigated, and it was found that in a 

medium-free environment this polymer can scavenge free acrolein and also protein 

adducts. It was also proved that when the medium is present, if the concentration of 

the polymer was increased, the scavenging effect was enhanced. 

On the other hand, if the nucleophilic reactivity is introduced in the polymer the local 

concentration of the functional groups that are able to react with the unsaturated 

aldehydes increases. Furthermore, a high concentration means a fastest kinetics. 

Moreover, a polymer offers a local delivery, which is an important point to take into 

account as they act different than a normal drug does, and probably with different 

pharmacokinetics, as the drug will have different mechanisms of absorption and 

distribution in the body. In addition, it might be possible that the polymer attacks one 

molecule with α,β-unsaturated carbonyl structure, reacting by Michael addition and in 

a next step react with 1,2 addition with the nucleophilic molecule attached next to the 

first one.  
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2. Aim of the project 

The aim of this project was to functionalize or synthesise a polymer, introducing a 

‘histidyl-hydrazide carnosine analogue’ which have been found to form more stable 

adducts with aldehydes, being able to be a scavenger for the breakdown products of 

lipid peroxidation from the oxidative stress [6]. The strategy was to combine an 

imidazole and also a hydrazide group in the same molecule to introduce them in the 

polymer backbone. For this purpose organic synthesis, protecting group chemistry and 

characterization were used.  
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3. Experimental Section 

9-Fluorenylmethyl carbamate (Fmoc), di-tert-butyl dicarbonate (Boc) and trityl (Tr) 

protecting group were chosen. For the starting material Fmoc-His(Tr)-OH (1) was 

chosen, as it contains the imidazole functionality protected with Tr and also an amine 

group protected with Fmoc; those protecting groups were chosen because they are 

orthogonal, Fmoc is base labile and Tr is acid labile. To introduce hydrazide 

functionality to the molecule tert-butyl carbazate (2) was chosen as it has Boc 

protecting group which is acid labile.   

3.1. Characterization methods  

The reactions were monitored by TLC (aluminium foils with fluorescent indicator 

254nm in a silica gel matric, from Sigma-Aldrich) and visualized with UV lamp (254 nm) 

or ninhydrine. The column chromatographies were realized using silica gel (silica 60 A, 

particle size between 20-40 micron, from Fisher) as stationary phase. The mobile 

phase is indicated in each case. The NMR experiments were carried out on Jeol JNM-

ECP Series FT NMR system at a magnetic field strength of 9.4 T, operating at 400 Hz for 
1H. Chemical shifts (δ) are given in parts per million (ppm) using solvent (DMSO-d6 or 

CDCl3) as internal standard. 

3.2. Synthesis of tert-butyl 2-(Nα-(((9H-fluoren-9-yl) methoxy) 

carbonyl)-Nτ-tritylhistidyl) hydrazine-1-carboxylate (3) 

 

Scheme 1. Synthesis of 3 

3.2.1. Synthesis of 3-1 

Fmoc-His(Tr)-OH (1) (1 g, 1.614 mmol) was dissolved in dichloromethane (10 mL) in a 

25 mL round bottom flask provided with an argon atmosphere and magnetic stirring. 

Then 1,1'-Carbonyldiimidazole (CDI) (0.393 g, 2.421 mmol) was added. After being 

stirred 3 h at room temperature (r.t.), tert-butyl carbazate (0.427 g, 3.228 mmol) was 

added. The reaction was allowed to stir for another 2 days, after those 2 days the 
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solvent was evaporated under rotational evaporation and purified by two column 

cromatographies with silica gel (eluent 1: Toluene:EtAc, 1:4; eluent 2: ((Toluene:EtAc, 

4:1):MeOH, 9:1)) yielding 635 mg (0.947 mmol, 54%) of white-yellowish solid.  

Rf = 0.52 ((Toluene:EtAc, 4:1):MeOH, 9:1) 

1H NMR (400 MHz, DMSO-d6): δ 1.38 (s, 9H, Boc), 2.70 – 3.0 (2 x m, 1H, H2a + H2b), 4.05 

– 4.20 + 4.23 – 4.35 (2 x m, 3H + 1H, H3 + H5a + H5b + H6), 6.79 (s, 1H, H4), 7.0 – 8.0 (m, 

24H, Tr + H7 + Fluorene). 

3.2.2. Synthesis of 3-2 

A 50 mL round bottom flask fitted with a magnetic stirring bar was set up. The reaction 

was started by dissolving Fmoc-His(Tr)-OH 1 (1.5 g, 2.42 mmol) in 15 mL of DCM, and 

then CDI (0.589 g, 3.63 mmol) was added. After that, the reaction is flushed with a 

stream of argon and it was placed a balloon full of argon. The reaction was allowed to 

stir for 3h at room temperature, then tert-butyl carbazate (2) (0.384g, 2.90 mmol) was 

added. The reaction was allowed to stir for 24 h, and then the solvent was evaporated 

under vacuum and purified by column chromatography with silica gel (eluent: 

((Toluene:EtAc, 4:1):MeOH, 9:1)) yielding 1.5748 g (2.15 mmol, 88%) of a white-

yellowish solid.  

Rf = 0.52 ((Toluene:EtAc, 4:1):MeOH, 9:1) 

1H NMR (400 MHz, DMSO-d6): δ 1.36 (s, 9H, Boc), 2.72 – 2.95 (2 x m, 1H, H2a + H2b), 

4.05 – 4.20 + 4.25 – 4.35 (2 x m, 3H + 1H, H3 + H5a + H5b + H6), 6.79 (s, 1H, H4), 7.0 – 8.0 

(m, 24H, Tr + H7 + Fluorene). 

3.3. Synthesis of tert-butyl 2-(Nτ-tritylhistidyl) hydrazine-1-

carboxylate (4) 

 

Scheme 2. Synthesis of 4 
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3.3.1. Synthesis 4-1 

The removal of Fmoc protecting group was performed by dissolving 635 mg (0.947 

mmol) of 3 in 1 mL of diethylamine in 8 mL of DCM under stirring for 3 h. The solvent 

was then removed under reduced pressure and purifying by precipitation was tried on 

the residue as it had been done in the procedure, with diethyl ether but the solid was 

soluble, so it was decided to purify by column chromatography with silica gel (eluent: 

EtAc:MeOH, 9:1) yielding 276 mg (0.54 mmol, 62 %) of a white solid. 

Rf = 0.19 (CH2Cl2:CH3OH, 9:1) 

1H NMR (400 MHz, CDCl3): δ 1.44 (s, 9H, Boc), 2.70 – 3.10 (2 x dd, 1H, H2a + H2b), 3.75 

(m, 1H, H3), 6.63 (s, 1H, H4), 7.1 – 7.8 (m, 16H, Tr + H5). 

3.3.2. Synthesis 4-2 

The procedure followed was to dissolve 3 (1.668 g, 2.27 mmol) in 50% diethylamine in 

DCM. The reaction was allowed to stir for 3 h, and then the solvent was removed by 

rotatory evaporation [25]. The residue was dissolved in ethyl acetate, but a precipitate 

appeared. Therefore purifying by precipitation was tried but the yield of the 

purification was very low and also it wasn’t pure enough so it was performed a 

chromatography as well, but using DCM:MeOH, 9:1 as eluent yielding 206.1 mg (0.051 

mmol,  18%) of a white solid. 

Rf = 0.19 (CH2Cl2: CH3OH, 9:1) 

1H NMR (400 MHz, CDCl3): δ 1.44 (s, 9H, Boc), 2.70 – 3.10 (2 x dd, 1H, H2a + H2b), 3.75 

(m, 1H, H3), 6.63 (s, 1H, H4), 7.1 – 7.8 (m, 16H, Tr + H5). 

3.3.3. Synthesis 4-3 

Compound 3 (1.57 g, 0.947 mmol) was dissolved in 25% diethylamine in DCM under 

argon atmosphere. The reaction was allowed to stir for 3 h, and the solvent was 

removed and purify this time by column chromatography with a gradient from 98:2 to 

95:5 of DCM:MeOH yielding 846.3 mg (0.166 mmol, 77 %) of a white solid. 

Rf = 0.19 (CH2Cl2:CH3OH, 9:1) 

1H NMR (400 MHz, CDCl3): δ 1.44 (s, 9H, Boc), 2.75 – 3.10 (2 x dd, 1H, H2a + H2b), 3.75 

(m, 1H, H3), 6.63 (s, 1H, H4), 7.1 – 7.8 (m, 16H, Tr + H5). 
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3.4. Synthesis of modified PVA (5) 

 
Scheme 3. Synthesis of 5 

PVA (100.8 mg, 0.0025 mmol), 2.29 mmol of OH groups) was dissolved in DMSO (6 mL) 

under heating at 50 ºC during 2 h. CDI (37.2 mg, 0.282 mmol) was added to the 

magnetically stirred PVA solution at room temperature. The reaction mixture was then 

stirred at room temperature for another 3 h. 4 (73.6 mg, 0.144 mmol) was added to 

the reaction mixture. Finally, the reaction mixture was allowed to stir 24 h. Then water 

(3 mL) was added to the solution to remove unreacted CDI and allowed to stir for 15 

minutes. Afterwards, water was removed through rotational evaporation. The 

substituted polymer was precipitated by adding ethanol. The solvents were removed 

by centrifugation and the solid was further dried in vacuum to remove traces of 

solvent.  

1H NMR (400 MHz, DMSO-d6): Due to the broadened and shifted peaks is not possible 

to assign each peak to the protons (see Figure 9). 

3.5. Synthesis of the monomer 

3.5.1. Synthesis of tert-butyl 2-(Nα-acryloyl-Nτ-tritylhistidyl) 

hydrazine-1-carboxylate (6) 

Scheme 4. Synthesis of 6 

The synthesis of the monomer was accomplished by dissolving 4 (0.1 g, 0.196 mmol) in 

5 ml of DCM, to that solution 1.7 eq. of N,N-diisopropylethylamine (DiPEA) were 

added. The solution mixture was added step-wise, under stirring and cooling in a 

methanol/ice bath, during a period of 30 min, to a solution of 1.5 eq. of acryloyl 

chloride in 3 mL of DCM. The reaction was kept under stirring for another 30 min in the 
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methanol/ice bath before being allowed to reach room temperature [26]. After 24 h 

deionized water was added to the solution. The solution was washed with 3x8 mL of 

water and 3x10 mL of NaHCO3 saturated solution. The organic phase was dried with 

Na2SO4 anhydride, and evaporated under rotational evaporation. An 1H NMR was done 

to analyse if the product was pure, and some impurities on it were found, so it was 

purified by column chromatography on silica gel with a gradient from 15:1 to 14:1 of 

EtAc:MeOH, yielding 32 mg (0.057 mmol, 29 %) of a yellowish solid.  

Rf = 0.67 (EtAc:CH3OH, 9:1) 

1H NMR (400 MHz, CDCl3): δ 1.39 (s, 9H, Boc), 3.02 (2 x dd, 1H, H2a + H2b), 4.75 (dd, 1H, 

H3), 5.5 – 6.4 (3 x dd, 1H, H3 + H5a + H5b + H6), 6.68 (s, 1H, H4), 7.1 – 7.8 (m, 16H, Tr + 

H7). 
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4. Results and discussion 

4.1. Results 

1H NMR: 

In the 1H-NMR spectrum of the compound 3 (Figure 5) we can find the corresponding 

peak for the tert-butyl group (H1) in the alkyl region (1.36 ppm). H2a and H2b protons 

are diastereotopics so they have different chemical shift. Although one might think 

that each diastereotopic proton will have a multiplicity of doublet of doublets (dd), as 

they are different and they will couple to H3, we can see that the multiplicity one of 

those is a doublet, which could be because it has a 90° angle with H3, meaning that it 

would not couple to that one. Nevertheless, the assignment of H3, H5a, H5b and H6 

protons is not possible, as there are two peaks for 4 protons. One suggestion could be 

that there is overlapping between the peaks. Moreover, in the aromatic region we can 

find the peaks corresponding to the protons of the aromatics rings, but we can’t assign 

them correctly as there are many peaks together. Also in the 1H-NMR spectrum one 

can see the peaks of the residuals solvents used to perform the chromatographys, 

which means that the solvents were not removed completely.  

 

Figure 4. Structure of compound 3 
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Figure 5. 1H-NMR spectrum of the compound 3 

 

In the 1H-NMR spectrum of the compound 4 (Figure 7), we can identify the protons 

corresponding to the aliphatic region, around 1.44 ppm we can identify the protons of 

the tert-butyl group, which indicates that Boc protecting group was not removed. We 

can also see that H2a and H2b remain in the spectra and have the same appearance as 

in the spectrum of intermediate 3 (Figure 5). Moreover, the peaks corresponding to 

the H5a, H5b and H6 disappear from the spectrum, which indicates that Fmoc has been 

removed. Furthermore, in the aromatic region we can find that there are some peaks 

left, which fits the theory that Fmoc protecting group was removed, even if we still are 

not able to identify the corresponding peaks in the aromatic region. 

 

Figure 6. Structure of compound 4 



Polymers as Scavengers for Lipid Peroxidation Products Uppsala Universitet                             

16 
 

 

Figure 7. 1H-NMR spectrum of the compound 4 

 

In the 1H-NMR spectrum of the modified PVA, 5 (Figure 9), the assignment of the peaks 

was difficult to predict. We can see some signals in the aromatic region, which might 

correspond to Trityl protecting group. This could show that the modification could 

have been done in a low modification ratio. Moreover, we had some problems with 

the solubility of such polymer as it was difficult to dissolve in DMSO-d6. Nevertheless, 

the signals are not clear so we were not able to know if the modification was 

performed with the correct molecule or not.  

 

Figure 8. Structure of compound 5 
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Figure 9. 1H-NMR spectrum of modified PVA, 5 

 

In the 1H-NMR spectrum of the monomer, 6 (Figure 11), we were able to see that 

there were the protons in the allylic region, corresponding to the double bound 

introduced (H5a, H5b and H6) which suggest that we have introduced the acryloyl group. 

Another point that fits with the synthesis is that we can see that H3 has a different 

chemical shift, as its environment has changed. We also can see the protons of Boc 

protecting group around 1.39 ppm, and the H4, around 6.68 ppm.  

Another point to take into account is that the solid has some traces of the solvent, as 

we can see the peaks corresponding to ethyl acetate in the 1H NMR spectrum.  

 

Figure 10. Structure of compound 6 
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Figure 11. 1H-NMR spectrum of the monomer, 6 

 

4.2. Discussion 

All synthesises were performed more than once, as they were new reactions. 

Furthermore, it was necessary to find new conditions to improve the yield and the 

purity of the synthesized molecules.  

Synthesis of 3 

In an attempt to improve the yield of the reaction to obtain 3 the conditions of the 

reaction were changed. The points on which we focused to improve the conditions 

were the following: 

- By-products: It was observed by TLC that the reaction is very fast, if the 

reaction is allowed to stir for 2 days, after 24 h some by-products appear. To 

avoid the formation of those by-products the reaction has to be only stirred for 

24 h.  
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- Excess of Tert-butyl carbazate: Considering that there have been some 

problems with removing the excess of Tert-butyl carbazate from the final 

mixture in the reaction to obtain 3-1 the reaction was performed changing the 

equivalents, from 2 eq. to 1.2 eq. 

- Column purification: The first time two columns were performed to purify the 

product, but the yield of the reaction was very low, so it was necessary to find 

new good conditions to remove the impurities in only one column 

chromatography.  

In the end, the synthesis of 3 was done successfully, and the 1H NMR shows a quite 

good pattern for the hydrogens, even though some of the multiplicities are not the 

predicted ones. 

In the future it would be a good idea to consider changing the activation method of the 

–COOH group, as we used CDI which is more active against –OH and –NH2 groups, and 

there are other activation groups more active against –COOH.  

Synthesis of 4 

After the synthesis of 3, we continued with the de-protection of Fmoc protecting 

group. To do that one, three different procedures were followed.  

The first one gave a bad yield so we tried to find another procedure [25], in which the 

best conditions using diethylamine were using 50% diethylamine in DCM during 3 h. 

Still, in the ‘synthesis of 4-2’ there were problems on removing the unreacted 

diethylamine, as it was 50% diethylamine. Therefore in the synthesis of 4-3 it was 

reduced to 25% of diethylamine in DCM.  

Furthermore, in those procedures, the purification method chose was precipitation, 

but we noticed that for our compound, it was not good so, the purification was 

performed by doing only the column chromatography. 

To sum up, we could see in the 1H NMR of 4-3 (Figure 7) that the product was pure, 

showing a good pattern with the protons corresponding to the predicted ones, even 

though some of the peaks were superposed.  

Thinking ahead, the de-protection would be carried out with piperidine (20%) DCM 

[13], as it might change the yield of the reaction.  

PVA modification 

One of the chosen options was to functionalise a polymer with compound 4 to 

evaluate its reactivity towards acrolein. The chosen polymer was polyvinyl alcohol 

(PVA). The synthesis was difficult because the modified PVA was not soluble in water, 
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and the purification by dialysis was not possible to perform. Moreover, it wasn’t 

possible to identify the product with the 1H NMR as we had some problems with the 

solubility of such polymer. Furthermore, if the modification was performed there has 

to be some peaks in the aromatic region, which will be assigned to the trityl protecting 

group. Finally, we decided to stop with PVA modification.  

Monomer synthesis 

Instead of modifying PVA we focused on the synthesis of the monomer. After the 

synthesis of the intermediate 4 we continued to the last step. 

In the synthesis of the monomer (6) DiPEA was added to eliminate the HCl formed 

during the reaction, because our protecting groups in an acid media are de-protected 

as Tr and Boc are acid labile. To purify the product it was necessary to do extractions 

with water and NaHCO3 saturated solution, but when they were done the product was 

analysed by 1H NMR and lots of impurities were found. To purify it, it was decided to 

perform a column chromatography. Finally, the product was almost pure and 

characterised by 1H NMR. 

  



Polymers as Scavengers for Lipid Peroxidation Products Uppsala Universitet                             

21 
 

5. Conclusion 

The aim of this project was to modify or synthesise a polymer which has to be active 

against acrolein, one of the most reactive oxidative species. The polymer has to have 

two different functionalities in the same molecule, an imidazole and a hydrazide. The 

first polymer proposed was the modification of PVA with the intermediate 4. The 

second polymer proposed was the polymerization of compound 6, with polymerization 

techniques.  

On the one hand, the modification of PVA was unsuccessful, as there were problems 

with the solubility of the modified polymer. However one might think about modifying 

another type of polymers, as the idea is to introduce the functionality into a polymer.  

Therefore, we could think on modify polymers with a higher solubility, as PVA is only 

soluble in DMSO if one increases the temperature.  

On the other hand, the synthesis of the monomer (6) was successfully performed in 

three steps and in each one the target molecules were characterized by 1H NMR 

spectroscopy, although the polymerization was not performed due to the limited time. 

A future step would be polymerize the monomer (6) with e-ATRP (Atom-Transfer 

radical-polymerization) polymerization technic.  

Besides, once the modification of the polymer or either the polymerization is 

performed another step would be the evaluation of such polymer against acrolein, to 

evaluate the aldehyde scavenger activity of such polymer, and compare it with the 

molecule as itself.  
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APPENDIX 

Formulas index 

                 

           

 

Abbreviations 

1H RMN  Proton nuclear magnetic resonance  

13C RMN  Carbon nuclear magnetic resonance 

δ   Chemical shift  
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ACR   Acrolein, 2-propenal 

ALEs   Advanced Lipoxidation Endproducts 

Boc   Di-tert-butyl dicarbonate 

CDI   1,1'-Carbonyldiimidazole 

Cys   Cysteine  

DCM   Dichloromethane 

DiPEA   N,N-diisopropylethylamine 

e-ATRP   Atom-Transfer radical-polymerization 

EtAc   Ethyl acetate 

His   Histidine  

HNE   4-hydroxy-2-nonenal  

IR (ATR)  Infrared Spectroscopy in Attenuated Total Reflection  

LPO   Lipid peroxidation 

Lys   Lysine 

MDA   Malondialdehyde 

ROS   Reactive oxygen species 

Fmoc   9-fluorenylmethyl carbamate 

Fmoc-His(Tr)-OH Nα-Fmoc-N(im)-trityl-L-histidine 

TLC Thin layer chromatography 

Tr Trityl (triphenylmethyl) 

r.t.   Room temperature  


