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In order to improve the bioavailability of curcumin, studies have been undertaken to prepare the 

so-called monocarbonyl analogs of curcumin (MACs) and assess their biological activity. These analogs 

contain an electrophilic α,β-unsaturated carbonyl moiety (Michael acceptor). Several key biological pro-

cesses are connected/controlled with thiol alkylation (glutathione, cysteine, cysteine peptide residues). 

The most likely reaction is the Michael addition between the α,β-unsaturated acceptor and a correspond-

ing thiol. 2,6-Bisarylidenecyclohexanone and 3,5-bisarylidenepiperidin-4-one scaffolds offer convenient 

tunability of electrophilicity and redox properties of the Michael acceptor by the introduction of various 

substituents. In this study, several MACs were prepared by Claisen-Schmidt condensation reaction, and 

their reactivity with 2-(dimethylamino)ethanethiol was evaluated. For this purpose, based on the UV-Vis 

spectra of the analogs and thiol(s), a proper method for spectrophotometric evaluation of their reactivity 

with 2-(dimethylamino)ethanethiol was optimized. The relative reactivity of the analogs was 

7 > 2 > 5 > 4 > 1 ≈ 6. The developed method is simple, and it can be extended to assess the reactivity of 

other MACs. 

 

Keywords: synthesis; monocarbonyl analogs of curcumin; thiols; 2-(dimethylamino)ethanethiol;  

Michael addition 

 

 

РАЗРАБОТКА НА СПЕКТРОФОТОМЕТРИСКИ МЕТОД ЗА ПРОЦЕНА  

НА РЕЛАТИВНАТА РЕАКТИВНОСТ НА МОНОКАРБОНИЛНИ АНАЛОЗИ  

НА КУРКУМИН СО 2-(ДИМЕТИЛАМИНО)ЕТАНТИОЛ 

 

Со цел да се подобри биорасположливоста на куркуминот, направени се студии за синтеза 

на таканаречените монокарбонилни аналози на куркумин (MAC) и процена на нивната биолошка 

активност. Овие аналози содржат електрофилна α,β-незаситена карбонилна група (Мајклов 

акцептор). Неколку клучни биолошки процеси се поврзани/контролирани преку алкилација на 

тиоли (глутатион, цистеин, пептиди со цистеински групи).  Најверојатно е дека има реакција на 

Мајклова адиција помеѓу α,β-незаситениот акцептор и соодветниот тиол. 2,6-

Бисарилиденциклохексанонските и 3,5-бисарилиден-4-пиперидонските системи нудат можност за 

приспособување на електрофилноста и редокс-својствата на Мајкловиот акцептор преку 

воведување различни супституенти. Во оваа студија беа синтетизирани неколку MAC преку 

Клајзен-Шмит-ова кондензациона реакција и потоа беше проценета нивната реактивност со 2-

(диметиламино)етантиол. За таа цел, врз основа на UV-Vis спектрите на аналозите и тиол(ите), 

оптимизиран е соодветен метод за спектрофотометриска евалуација на нивната реактивност со 2-

(диметиламино)етантиол. Релативната реактивност на аналозите беше со редослед 
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7 > 2 > 5 > 4 > 1 ≈ 6. Развиениот метод е едноставен и може да се примени за процена на 

реактивноста на други монокарбонилни аналози на куркумин. 

 

Клучни зборови: синтеза; монокарбонилни аналози на куркумин; тиоли;  

2-(диметиламино)етантиол; Мајклова адиција  
 
 

1. INTRODUCTION 

 

Curcumin (diferuloylmethane) is a natural 

conjugated β-diketone isolated from the rhizome of 

Curcuma longa (turmeric), which has been used 

for a long time in traditional medicine as a cure for 

diseases of the liver, digestive tract, and urinary 

tract, and infections, rheumatoid arthritis, and in-

sect bites.1 Curcumin is a useful phytochemical 

that has been extensively studied for the last two 

decades, especially for its anti-cancer, anti-oxidant, 

anti-inflammatory and anti-microbial properties.2 

In vivo, curcumin inhibits malignant cell 

growth. It induces apoptosis in malignant cells by 

modulating the activity of transcription factors, 

growth factors, adhesion molecules, and cell sig-

nals.3,4 Although curcumin is non-toxic and shows 

promising pharmacological properties, numerous 

studies indicate that it has poor bioavailability, low 

chemical stability, and rapid metabolism under 

physiological conditions. According to the litera-

ture, its instability is due to the β-diketone compo-

nent, which is strongly reactive at a pH higher than 

6.5, resulting in a shortened half-life in the body.5,6 

Despite the fact that curcumin is recurrently 

used in research studies for biological activity, one 

must take into consideration the fact that it has been 

classified as PAINS (pan-assay interference com-

pounds), as well as IMPS (invalid metabolic pana-

ceas).7 Curcumin has diverse chemistry, and the role 

of the auto-oxidation products in its overall activity 

has been elucidated.8–10 All in all, curcumin is pho-

tolabile and decomposes mainly by solvolysis and 

oxidative degradation. Most importantly, it does not 

satisfy the primary criterion for pharmaceutical ap-

plications because it is unstable under physiological 

conditions (pH 7.4 and 37 °C).7 

Modification of the structure of curcumin 

implies synthesis of monocarbonyl analogs 

(MACs) by a crossed aldol condensation between a 

cycloalkanone and monosubstituted benzaldehyde 

and removal of the β-diketone component as one of 

the ways to overcome the downsides of curcumin 

(Fig. 1).11,12  
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Fig. 1. Transformation of curcumin to monocarbonyl analogs (MACs) in order to improve stability  
 
 

Many MACs have been synthesized (n = 0, 

n = 2 cyclopentanone, n = 3 cyclohexanone, 4-

piperidone, etc.) and characterized, and their bio-

logical properties evaluated. They all contain the 

1,5-diaryl-3-oxo-penta-1,4-diene pharmacophore, 

which is the key to the biological activity (Fig. 2). 
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Fig. 2. The general structure of different types of MACs that contain the 1,5-diaryl-3-oxo-penta-1,4-diene pharmacophore 
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A number of key biological processes are 

linked/controlled by the thiol alkylation process 

(glutathione, cysteine, cysteamine, etc.), and 

MACs and many other natural products with an 

electrophilic nature are excellent thia-Michael ac-

ceptors.13 Moreover, the properties of MACs can 

be modified by introducing different central cores, 

aromatic systems, and the introduction of different 

substituents. These analogs are involved in highly 

selective thiol-trapping, which is critical for bioac-

tivity. It is important to stress that these Michael 

reactions are reversible, but not all thiol-containing 

systems (R-SH) have the same reactivity. There are 

other functional groups that can be involved in 1,4-

additions, which will result in oxa, carba, and aza-

Michael reactions. However, if one considers the 

respective bond strengths, the new bond formed, 

the C-S bond (ca. 60 kcal/mol) is the weakest of all 

the above. This, to the first approximation, makes 

these thia-Michael reactions reversible.14 The in-

teresting feature of these cross-conjugated dien-

ones is that they possess two reactive electrophilic 

centers that can react with 2 equivalents of the re-

spective thiol. 

As mentioned above, the sulfides obtained 

under certain conditions can be "returned" to the 

initial reactants (conjugated enone and thiol). 

Knowing the factors that affect the reversibility of 

this process is the key to controlling biological ac-

tivity. The rate of the reverse/backward reaction 

depends on the electronic effects and steric consid-

erations. The reactivity of the –SH functional 

group in these thia-Michael reactions depends on 

the pH of the medium, the substrate, and the pres-

ence of oxidizing and reducing agents.15–18 There is 

not much data in the literature for these types of 

reactions (MAC as Michael acceptors with thiols). 

A key study was performed by Sun et al.,19 

where formation of the adducts of (3E,5E)-3,5-bis(2-

fluorobenzylidene)piperidin-4-one (7) (EF 24, 7) and 

(3E,5E)-3,5-bis(2-pyridin-2-ylmethylydene) piperi-

din-4-one (EF 31, 8) and glutathione were studied 

(Figure 3). Namely, these analogs in acetonitrile 

(CH3CN) reacted with 2.1 equivalents of glutathione 

(GSH) in an aqueous solution at ambient tempera-

ture. The yellow color of the unsaturated ketone 

disappeared as a result of chromophore elimination 

and the rapid formation of bis adducts with glutathi-

one and the corresponding MAC. According to the 

authors, it was considered that the formation of the 

mono-glutathione adduct is an intermediary to the 

bis-glutathione adduct.19 Spectroscopic and chro-

matographic (HPLC-MS) analyses showed that 8 

reacted instantly with GSH, while the reaction of 7 

and GSH took several hours. The EF 24 analog has 

been fully characterized. It has diverse biological 

activity and has been the subject of many detailed 

studies.20–29 Related to EF 24 and EF 31 is the ana-

log EF 25 for which the HR-ESI-MS and 1H NMR 

spectra of the synthesized bis glutathione adduct, 

EF 25-(GSH)2, have been reported.30 

In another study, the reactivity of 1,5-bis(3,5-

bis(methoxymethoxy)phenyl)-1,4-pentadiene-3-one 

(GO-Y030), a very potent cytotoxic agent, with 

cysteamine was assessed by NMR in d6-DMSO 

and UV-Vis spectroscopy.31 In both experiments 

using the cysteamine assay (1H NMR method)32 a 

reversible Michael reaction was observed. Fur-

thermore, various GO-Y030 bis-thiol adducts were 

synthesized, and the retro-thia-Michael reaction 

was monitored spectrophotometrically in DMSO at 

different pH values (3.0, 7.3, and 8.5). In neutral 

pH, only two adducts with hydrophilic R groups 

gave back the starting dienone GO-Y030. In slight-

ly basic pH, only the bis thiol adducts with lipo-

philic groups did not react completely. It was con-

cluded that the MAC, GO-Y030, is a reversible 

thia-Michael acceptor and that this system may be 

operable in cells, as indicated by the comparable 

cytotoxicity of MAC and bis-thiol adducts. All of 

these adducts can be used as prodrugs. 
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Fig. 3. The thia-Michael reaction of MACs with thiols results in the formation of a mono-adduct and/or bis-adduct.  

This process is expected to be reversible. 
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Fig. 4. MACs that had a detectable formation of adducts with relevant thiols  

(EF 24, EF 31, and EF 25 with glutathione, GO-Y030 with cysteamine) 
 
 

In the literature, several methods have been 

reported for the assessment of Michael thiol accep-

tors. In most cases, they use cysteamine (NMR14,32, 

UV-Vis31,33) which is suitable for spectrophotomet-

ric assays. However, cysteamine has a reactive nu-

cleophilic primary amine that can react in a 1,2-

fashion with the ketone to give 1,4-thiazepines 

(Fig. 5).14 This can be somewhat problematic for 

the MACs because this thiazepine intermediate 

will influence the second addition of thiol. 
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Fig. 5. Reaction of cysteamine with MAC to give a thiazepine derivative 
 

 

In order to examine the properties of MACs 

with diverse electrophilicity and redox characteris-

tics, the main purpose of the work presented herein 

is the synthesis and purification of symmetric ana-

logs with different electron donor/acceptor groups 

and optimization/improvement of the procedure for 

monitoring their reaction with the most appropriate 

thiol (2-(dimethylamino)ethanethiol) by UV-Vis 

spectroscopy.  

 
2. EXPERIMENTAL SECTION 

 

2.1. Reagents 
 

Cyclohexanone, 2-bromobenzaldehyde, 2-

(trifluoromethyl)benzaldehyde, benzaldehyde, 

methanol, ethanol, acetonitrile (HPLC gradient 

grade), ammonium chloride, and sodium hydroxide 

were obtained from Sigma-Aldrich. Cysteine, glu-

tathione (GSH), cysteamine, 2-mercaptoethanol, 2-

(dimethylamino)ethanethiol hydrochloride, and 4-

tert-butylcyclohexanone were obtained from 

Merck. Methanol and ethanol were purchased from 

Alkaloid AD Skopje. All chemicals were used 

without further purification. 

 

2.2. Instrumentation 
 

Melting temperatures were determined on a 

Mel-Temp apparatus and were not corrected. Infra-

red spectra were recorded on a Varian Excalibur 

3100 FT-IR spectrometer using a KBr pellet. UV-

Vis spectra were recorded on a Cary 50 spectro-

photometer in a quartz cuvette. The samples were 

dissolved in acetonitrile or a suitable mixture of 

acetonitrile and water or acetonitrile/aqueous buff-

er. The mass spectral measurements were carried 

out on an Agilent 1100 HPLC system equipped 

with an ESI interface, and an ion-trap mass analyz-

er (G2445A Spectrometer) controlled by Chemsta-

tion LCMSD software (Agilent, v.4.1) was used to 

carry out the MS analysis. The measurements were 

done in APCI positive ion mode.  
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2.3. Synthesis method  

for 2,6-bisarylidencyclohexanones 34 
 

The corresponding cyclohexanone (7.5 

mmol), the corresponding arylaldehyde (15 mmol), 

and methanol (10 ml) were added to a round bot-

tom flask. The reaction mixture was stirred for 5 

minutes at room temperature, and 20% (w/v) of an 

aqueous solution of sodium hydroxide (2 ml) was 

added dropwise over a period of 5 minutes. The 

reaction mixture was mixed with a magnetic stirrer 

at room temperature for 60 minutes to give a yel-

low precipitate. The reaction mixture was then 

cooled for 10 minutes in an ice bath and filtered 

through a Büchner funnel. The resulting precipitate 

was washed with a saturated aqueous solution of 

ammonium chloride (1 × 10 ml), distilled water (3 

× 10 ml), and cold methanol (2 × 5 ml). The result-

ing product was recrystallized from the appropriate 

solvent, making sure that the solution was kept in 

the dark. 
 

(2E,6E)-2,6-bis[(2-trifluoromethyl)benzylidene] 

cyclohexanone (1, C66): recrystallized from 

methanol, yellow crystals, yield (79 %) mp 107–

110 °C (lit.35,36 108–110 °C); FT-IR (KBr): 1666 

cm–1 (C = O); FT-IR-ATR (sapphire): 1665 cm–1 

(C = O); FT-IR (CCl4 ): 1682 cm–1 (C = O); UV-

Vis: λmax (80:20 CH3CN/H2O) = 302 nm (ε = 

23675 l·mol–1·cm–1); HPLC-DAD-MS, tR = 5.5 

min; MS-APCI+ (m/z) = 411 (MH+).  
 

(2E,6E)-2,6-bis(2-bromobenzylidene)cyclohexa-

none (2, B2BrBC): recrystallized from 5:2 metha-

nol/ dichloromethane, yellow crystals, yield (52 %), 

mp 131–133 °C (lit.36 120 °C); FT-IR (KBr): 1661 

cm–1 (С=О); FT-IR-ATR (sapphire): 1661 cm–1 

(C=O); UV-Vis: λmax (80:20 CH3CN/H2O) = 315 

nm (ε = 43424 l·mol–1·cm–1); HPLC-DAD-MS, tR 

= 7.1 min; MS-APCI (m/z) = 433 (MH+). 
 

(2E,6E)-2,6-dibenzylidenecyclohexanone (3): 

recrystallized from ethyl acetate, yellow crystals, 

yield (62 %); mp 115–117 °C (lit.36 116–118 °C); 

FT-IR (KBr): 1662 cm–1 (С=О); FT-IR-ATR 

(sapphire): 1661 cm–1 (C=O); UV-Vis: λmax (80:20 

CH3CN:H2O) = 328 nm (ε = 43290 l·mol–1·cm–1); 

HPLC-DAD-MS, tR = 4.9 min; MS-APCI (m/z) = 

275 (MH+).  
 

(2E,6E)-2,6-bis(4-methoxybenzylidene)cyclohex-

anone (4): recrystallized from ethyl acetate; 

yellow needle crystals, yield (54 %); mp 156–158 

°C (lit.37 160–162 °C, rec. EtOH); FT-IR (KBr): 

1658 cm–1 (С=О); FT-IR-ATR (sapphire): 1656 

cm–1 (C=O); UV-Vis: λmax (80/20 CH3CN:H2O) = 

360 nm (ε = 41034 l·mol–1·cm–1); HPLC-DAD-

MS, tR = 4.3 min; MS-APCI (m/z) = 335 (MH+). 
 

(2E,6E)-2,6-bis(2-furan-ylmethylidene)cyclohex-

an-1-one (5): recrystallized from 96 % ethanol, 

yellow-orange crystals, yield (68 %), mp 142–144 

°C (lit.38 140–141 °C); FT-IR (KBr): 1645 cm–1 

(С=О); UV-Vis: λmax (80/20 CH3CN:H2O) = 370 

nm (ε = 34395 l·mol–1·cm–1); HPLC-DAD-MS, tR 

= 3.3 min; MS-ESI (m/z) = 255 (MH+). 
 

(2E,6E)-4-tert-butyl-2,6-bis(2-furan-2-ylmethyl-

idene)cyclohexan-1-one (6): recrystallized from 

96 % ethanol, orange crystals, yield (48 %), mp 

136–138 °C (lit.39 136–138 °С); FT-IR (KBr): 

1654 cm–1 (C = O); FT-IR-ATR (sapphire): 1653 

cm–1 (C = O); UV-Vis: λmax (80/20 CH3CN:H2O) = 

370 nm (ε = 31460 l·mol–1·cm–1); HPLC-DAD-

MS, tR = 5.8 min; MS-APCI (m/z) = 311 (MH+). 
 

(3E,5E)-3,5-bis(2-fluorobenzylidene)piperidin-

4-one (7, EF24): recrystallized from 96 % ethanol, 

yellow crystals, yield 47 %, mp 134–136 °C (lit.40 

138–142 °С); FT-IR (KBr): 3304 cm–1 (N-H), 

1661 (C = O); FT-IR-ATR (sapphire):  3303 cm–1 

(N-H), 1660 (C = O); UV-Vis: λmax (80/20 

CH3CN:H2O) = 327 nm (ε = 26688 l·mol–1·cm–1); 

HPLC-DAD-MS, tR = 2.8 min; MS-APCI (m/z) = 

312 (MH+). 

 

2.4. Spectrophotometric assay 
 

Stock solutions of compounds (1–7) with con-

centrations of 0.2–0.4 mg/ml in acetonitrile were pre-

pared in amber volumetric flasks. Also, a solution of 

2-(dimethylamino)ethanethiol with a concentration of 

1.2 mg/ml was prepared prior to the UV-Vis studies 

to avoid oxidation to the disulfide. The blank was 

recorded in 80/20 acetonitrile/ distilled water solvent. 

UV-Vis spectra of the compounds of interest were 

recorded in 80/20 acetonitrile/distilled water. A 2.9 

ml sample of 2-(dimethylamino)ethanethiol solution 

was placed in a quartz cuvette, and the UV-Vis spec-

trum was recorded. This solution has significant ab-

sorbance up to 280 nm. Directly into the quartz cu-

vette containing the 2-(dimethylamino)ethanethiol 

solution, 50–100 μl of the stock solution of com-

pounds (1–7) were added, rapidly mixed, and the UV 

spectrum recorded at 25 ºC. Afterward, a UV spec-

trum was recorded every 5 minutes, depending on the 

rate of change, while maintaining the temperature at 

25 °C. For example, the final concentrations in the 

quartz cuvette for 2-(dimethylamino)ethanethiol and 

2 were 0.008 mmol/ml and 2·10–5 mol/ml, respec-

tively. 
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3. RESULTS AND DISCUSSION 

 

Several curcumin monocarbonyl analogs 

(2,6-diarylidenecyclohexanones and 3,5-bis(2-

fluorobenzylidene)piperidin-4-one) were prepared 

by Claisen-Schmidt condensation between cyclo-

hexanone and two equivalents of the corresponding 

benzaldehyde or furfural34 (Figure 6). All synthe-

sized compounds are known, and their characteri-

zation was performed based on melting points, IR 

spectroscopy, mass spectrometry, and a compari-

son of available data in the literature (Table 1). The 

compounds were carefully purified by recrystalli-

zation in the dark and kept in amber vials through-

out the study. 

The next step was to investigate the solubili-

ty of the synthesized compounds in solvents suita-

ble for UV-Vis spectroscopy (acetonitrile, di-

chloromethane, dimethylsulfoxide, ethanol, metha-

nol, ethylene glycol, etc.). We also had in mind a 

solvent that may be compatible for subsequent 

HPLC analysis. Even though several studies of the 

assessments were done in DMSO30,31 we found that 

it may interfere with the compounds with lower 

values for λmax such as 1 and 2 (302 nm and 315 

nm, respectively). Another criterium was for the 

solvent to be miscible with water so that a buffer or 

other water-soluble reagent could be added. The UV 

spectra of all compounds (1–7) in acetonitrile/H2O 

exhibit two maxima, one at a long wavelength 

(302–370 nm) that corresponds to n→π* transition 

and another at lower wavelengths, ranging from 

226–250 nm, that originates from a π→π* transition 

(Table 1). 
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Fig. 6. Synthesis of monocarbonyl curcumin analogues (MACs): (1) (2E,6E)-2,6-bis[(2-trifluoromethyl)benzylidene]cyclohexanone, 

(2) (2E,6E)-2,6-bis(2-bromobenzylidene)cyclohexanone, (3) 2,6-bisbenzylidencyclohexanone, (4) (2E,6E)-2,6-bis(4-methoxy-

benzylidene)cyclohexanone, (5) (2E,6E)-2,6-bis(2-furan-2-ylmethylidene)cyclohexan-1-one, (6) (2E,6E)-4-tert-butyl-2,6-bis(2-

furan-2-ylmethylidene)cyclohexan-1-one, (7) (3E,5E)-3,5-bis(2-fluorobenzylidene)piperidin-4-one 
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     T a b l e  1  
 

Melting points and key spectroscopic/chromatographic data of the synthesized monocarbonyl  

analogs of curcumin 
 

Comp. 
mp 

(°C) 

FT-IR 
(KBr) 

cm–1 

FT-IR-ATR 

(sapphire) 

cm–1 

UV-Vis 

λmax1 

(80/20 

CH3CN:H2O) 

UV-Vis 

λmax2 

(80/20 

CH3CN:H2O) 

HPLC-

DAD-MS, 

tR (min) 

MS-APCI 

(m/z) 

1 
107–110 

lit.35,36 108–110  

1666 

(C = O) 

1665 

(C = O) 
302 nm 226 nm 5.5 min 411 (MH+) 

2 
131–133 

lit.36 120 

1661 

(C = O) 

1661 

(C = O) 
315 nm 237 nm 7.1 min 433 (MH+) 

3 
115–117 

lit.36 116-118 

1662 

(C = O) 

1661 

(C = O) 
328 nm 232 nm 4.9 min 275 (MH+) 

4 
156–158 

lit.37160–162 

1658 

(C = O) 

1656 

(C = O) 
361 nm 243 nm 4.3 min 335 (MH+) 

5 
142–144 

lit.38 140–141  

1645 

(C = O) 
/ 370 nm 250 nm 3.3 min 255 (MH+) 

6 
136–138 

lit.39136–138  

1654 

(C = O) 

1653 

(C = O) 
370 nm 250 nm 5.8 min 311 (MH+) 

7 
134–136 

lit.40 138–142 

1661 

(C = O) 

1660 

(C = O) 
327 nm 233 nm 2.9 min 312 (MH+) 

 

 

HS

NH2

O

OH

HO
SH H2N

SH N
SH

CH3

H3C

N
N

O

HO

NH2

O

H O

H O

OH

HS

Cys GSH

2DMAETCA2ME  
 

Fig. 7. Structural formulae and appropriate abbreviations for the relevant thiols. (Cys–Cysteine, GSH–glutathione (reduced), 

2ME–2-mercaptoethanol, CA–cysteamine, 2DMAET–2-(dimethylamino)ethanethiol) 
 

 

Secondly, we selected the most appropriate 

thiol (cysteine (Cys), glutathione (GSH), cysteam-

ine (CA), 2-(dimethylamino) ethanethiol 

(2DMAET), 2-mercaptoethanol (2ME), etc.). This 

was followed by reaction optimization using the 

appropriate thiol, pH optimization, solvent(s), 

mixing procedure, and avoidance of thiol oxida-

tion, as well as determination of concentrations, as 

key to the reaction with the curcumin monocar-

bonyl analogs. 

Driven by the study of Sun et al.19 and the 

simplicity of the spectrophotometric procedure for 

monitoring the reaction between α,β-unsaturated 

chalcone acceptors and thiols described in the 

study by Amslinger et al.,33 we decided to adapt it 

and apply it to the previously synthesized MACs 

(1–7). For that purpose, it was necessary to opti-

mize the UV-Vis method for monitoring the pro-

cess. We used a buffer with a pH of 7.4 and eval-

uated the combinations with a number of solvents 

such as acetone, acetonitrile, ethanol, methanol, 

and dimethylsulfoxide. 

We found differences in the solubility and 

stability of MACs with the appropriate solvents. 

The best solvent combination proved to be ace-

tonitrile with 100 mM TRIS-HCl at pH 7.4. It was 

necessary to avoid thiol oxidation. So, according 

to the literature, we added a 2 mM EDTA to the 

buffer.41 Representative UV-Vis spectra of certain 

synthesized MACs (40 µM) in 100 mM TRIS-

HCl (pH 7.4) with 2 mM EDTA/acetonitrile in a 

ratio of 20:80 are shown in Figure 8. 
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a) (2E,6E)-2,6-bis(2-bromobenzylidene)cyclohexanone (2)         b) (2E,6E)-2,6-bis(4-methoxybenzylidene)cyclohexanone (4) 
 

 

                      
 

             c) (2E,6E)-2,6-bis(2-furan-2-ylmethyylidene)cyclohexanone (5)             d) (3E,5E)-3,5-bis(2-fluorobenzylidene)piperidin-4-one (7) 
 

Fig. 8. Representative UV-Vis spectra of MACs (40 µM) in 100 mM TRIS-HCl (pH 7.4)  

and 2 mM EDTA/acetonitrile at a ratio of 20 : 80 
 

 

It was crucial to determine the appropriate 
thiol concentration to obtain appropriate MACs 
according to the literature. Thiol was added in an 
excess of 20 to 500 times,33 usually in the range of 
a 200 fold excess. We used the following thiols: 2-
(dimethylamino)ethanol hydrochloride, cysteine, 
glutathione (GSH), cysteamine, and 2-mercapto-
ethanol. We noticed that cysteine gave a yellow 
product that was not suitable for analysis by UV-
Vis spectroscopy, and we eliminated it from fur-
ther analysis. From the study by Amslinger et al.33 
we found that cysteamine reacts rapidly with the 
Michael acceptor and makes small or no interfer-
ence in UV-Vis assays, but cyclization reactions 
are possible after the first addition. As a logical 
choice, 2-(dimethylamino)ethanol (2DMAET), 
which is commercially available in high purity as 
the hydrochloride salt, was introduced as a nucleo-
phile (with reactivity similar to cysteamine) which 
would not react in cyclization reactions with the 
keto group of MACs (see Figure 5). In principle, 
this is possible after the first addition of the thiol. 
Solutions of 2DMAET in 80:20 v/v acetoni-
trile/water had minimal absorption above 290 nm 
and could be used in the assessment studies.  

 
 

Fig. 9. Representative UV-Vis spectra of EF 24 (40 µM) added to 
2-(dimethylamino)ethanethiol (1.2 mg/ml) in 80 : 20 acetoni-
trile/H2O (0 to 90 minutes: red trace 0 min; the beige trace on the 
bottom is just from a solution of 2-(dimethylamino)ethanethiol 
(1.2 mg/ml)).The traces below 0 min (red trace) correspond con-
secutively to reaction times of 5 min, 10 min, 15 min, 20 min, 25 
min, 30 min, 45 min, 60 min, and 90 min (brown trace). 
 

 

The substrate that we used for optimization 

was (3E,5E)-3,5-bis(2-fluorobenzylidene)-4-pipe-

ridone (EF 24) because it is known to form mono 

and bi-thiol adducts with glutathione.19,28  
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We found that 7 (EF 24) had the fastest reac-
tions with 2-(dimethylamino)ethanethiol hydrochlo-
ride. The second fastest reaction (based on the de-
crease of absorbance at λmax) was with 2 (B2BrBC), 
then with 5, and with 4. The reaction was performed 
in 100 mM TRIS-HCl at pH 7.4 with 2 mM 
EDTA/acetonitrile in a ratio of 20:80 and at a con-
centration of 40 µM B2BrBC and an excess of 2-
(dimethylamino)ethanthiol hydrochloride of 400 
times. From the UV spectra, it can be noticed that 

there is a decrease of the peak at around 327 nm and 
a shift towards lower wavelengths. It is likely that 
after the first addition of 2-(dimethylamino)ethan-
ethiol, a mono adduct is obtained which still con-
tains conjugated enone. In principle, if a bis adduct 
is obtained, the peak around 320 nm should disap-
pear. The identity of all products should be estab-
lished by alternative methods. The corresponding 
expected reactions of certain synthesized derivatives 
are given in Figure 10. 

 

O

X X +

OS
N

X X

+

1: X = 2-CF3   2: X = 2-Br   3: X = H   4: X = 4-OMe   

N
SH

OS
N

S
N

X X

 
 

Fig. 10. Reaction of 2,6-bisarylidenecyclohexanones and 2-(dimethylamino)ethanethiol and formation of mono and bis adducts 
 

 

The reaction between the corresponding 
MACs and 2-(dimethylamino)ethanthiol hydro-
chloride was monitored by UV-Vis spectroscopy 

for about 3 hours, where the amine was added in 
an excess of 20 to 500 times according to the lit-
erature13 (Figure 11). 

 

          
 

a) Reaction of 2 with 2-(dimethylamino)ethanethiol   b) Reaction of 6 with 2-(dimethylamino)ethanethiol 

 

       
              

   c) Reaction of 4 with 2-(dimethylamino)ethanethiol  d) Reaction of 5 with 2-(dimethylamino)ethanethiol 
 

Fig. 11. (a–d). Representative UV-Vis spectra of MACs (40 µM) in 100 mM TRIS-HCl (pH 7.4) and 2 mM EDTA/acetonitrile,  

at a ratio of 20:80, and 2-(dimethylamino)ethanethiol 
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Depending on the benzene ring substituents 

as well as the aromatic ring, the λmax absorbance 

ranges from 299 nm to 370 nm in the examined 

analogs. To avoid interference from the buffer, 

thiol, and other additives, it is most appropriate to 

monitor the reaction by UV-Vis spectroscopy with 

compounds having a λmax above 310 nm. With op-

timized conditions of spectrophotometric analysis 

(preventing thiol oxidation), slow processes can be 

monitored (reaction time over 12 hours). From the 

tested compounds (1–7), the fastest changes were 

observed in the reaction of 2-(dimethylamino) 

ethanethiol with 7 (EF 24) followed by 2 

(B2BrBC), then with 5 and with 4. From the spec-

troscopic analysis of 1 (C66) and 6, only minor 

changes were observed after 3 hours of reaction 

time. As a future direction, the developed method 

can be extended to HPLC-DAD monitoring, as 

well as the characterization of mono and bis ad-

ducts by HPLC-MS. Furthermore, this method can 

be carried out without buffers and additives in 

CD3CN and use NMR spectroscopy to identify and 

classify thiol-trapping agents.  

 
4. CONCLUSION 

 

Several monocarbonyl curcumin analogs 

(2,6-diarylidenecyclohexanones and 3,5-diryli-

denepiperidin-4-one) were synthesized in medium 

to high yields via a Claisen-Schmidt condensation 

reaction between cyclohexanone, 4-tert-butyl-

cyclohexanon, or 4-piperidone and the correspond-

ing arylaldehyde. The obtained solid MACs were 

carefully purified by recrystallization and charac-

terized. An optimized method suitable for spectro-

photometric analysis of the reaction between 

MACs and the most suitable thiol (2-

(dimethylamino)ethanethiol) was established. 

Analysis conditions prevented thiol oxidation and 

provided the possibility to observe slow processes 

(reaction time over 12 hours). From the tested 

compounds (1–7), the fastest changes were ob-

served in the reaction of 2-(dimethylamino) 

ethanthiol with 7 (EF 24), followed by 2 

(B2BrBC), then with 5 and with 4. From the spec-

troscopic analysis of 1 (C66) and 6, only minor 

changes were observed after 3 hours of reaction 

time. Acetonitrile and water are suitable solvents, 

and they are also suitable for subsequent HPLC-

DAD-MS assays. The reactivity is most likely 

governed by the electrophilicity of the Michael 

acceptor. The developed method is simple and in-

expensive, and it can be extended to assess the re-

activity of other MACs. 
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